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Three new monotetrahydrofuran annonaceous acetogenins, muricin H (1), muricin I (2), and cis-
annomontacin (3), along with five known acetogenins, annonacin, annonacinone, annomontacin, murisolin,
and xylomaticin, were isolated from the seeds of Annona muricata. Additionally, two new monotetrahy-
drofuran annonaceous acetogenins, cis-corossolone (4) and annocatalin (5), together with four known
ones, annonacin, annonacinone, solamin, and corossolone, were isolated from the leaves of this species.
The structures of all new isolates were elucidated and characterized by spectral and chemical methods.
These new acetogenins exhibited significant activity in in vitro cytotoxic assays against two human
hepatoma cell lines, Hep G2 and 2,2,15. Compound 5 showed a high selectivity toward the Hep 2,2,15
cell line.

In continuation of our studies on acetogenins from
Formosan annonaceous plants, including Annona
reticulata,1-3 A. montana,4 A. cherimola,5 A. atemoya,6 and
Rollinia mucosa,7,8 A. muricata L. was chosen for investi-
gation. This plant is a well-known tropical fruit tree, named
“sour sop” or “guanabana”, that is distributed in the
Americas, Africa, and Southeast Asia. To date, there have
been more than 50 annonaceous acetogenins isolated from
the stems, leaves, and seeds of this species.9,10 In our
previous investigation of this species, a series of unusual
monotetrahydrofuran (mono-THF) annonaceous acetoge-
nins were found from the stem bark and the seeds.11,12

The present report describes the isolation and structural
elucidation of compounds from the leaves and the seeds of
A. muricata. Three new mono-THF annonaceous acetoge-
nins, muricin H (1), muricin I (2), and cis-annomontacin
(3), along with five known compounds, annonacin,13 an-
nonacinone,14 annomontacin,15 murisolin,16 and xylomati-
cin,17 were isolated from the seeds. In turn, two new mono-
THF annonaceous acetogenins, cis-corossolone (4) and
annocatalin (5), as well as four known compounds, annona-
cin,13 annonacinone,14 solamin,18 and corossolone,19 were
isolated from the leaves. All of isolates from both the seeds
and leaves of this species were isolated and purified by
reversed-phase HPLC, and their structures were elucidated
and characterized by spectral and chemical methods.
Annonacin and annonacinone were obtained as two major
annonaceous acetogenins from both the leaves and seeds.
In in vitro cytotoxic assays, the new compounds showed
potent activity against two human hepatoma cell lines, Hep
G2 and 2,2,15. Interestingly, compound 5 demonstrated
significant selective cytotoxicity toward the human hepato-
ma Hep 2,2,15 cell line.

Results and Discussion

Compound 1 was isolated as a colorless waxy solid, [R]25
D

+9.5° (c 0.76, CHCl3). The [M + Na]+ peak in the FABMS
at m/z 603 suggested the molecular weight to be 580, and
the molecular formula of C35H64O6 was confirmed by
HRFABMS. The UV spectral absorption at 208 nm and the

IR spectral absorption at 1743 cm-1 indicated the presence
of an R,â-unsaturated γ-lactone group. The successive
FABMS peaks at m/z 563, 545, and 527 implied the
presence of three hydroxyl groups. In the 1H NMR spec-
trum, the signals at δ 6.98 (1H, H-33), 5.04 (1H, H-34),
2.24 (2H, H-3), and 1.39 (3H, H-35) verified the presence
of an R,â-unsaturated γ-lactone (see Table 1). The assign-
ment was also confirmed by the 13C NMR resonances at δ
173.9 (C-1), 148.9 (C-33), 134.2 (C-2), 77.6 (C-34), and 19.1
(C-35). The signals at δ 3.82 (2H, H-15, 18) and 3.41 (1H,
H-19), as well as the 13C NMR peaks at δ 81.8 (C-18), 79.3
(C-15), and 74.4 (C-19), indicated the presence of a mono-
THF ring with one flanking hydroxyl in a threo conforma-
tion.12 A close examination of the 1H NMR spectrum
showed that the proton resonances for the two methylene
groups of the mono-THF ring, which were observed at δ
1.98 (H-16a, 17a) and 1.62 (H-16b, 17b), corresponded to
the trans configuration.20 By making the (R)- and (S)-
Mosher ester derivatives and carrying out Hoye’s method-
ology,8,12 the absolute configuration at C-19 of compound
1 could be confirmed as R (see Table 2). Therefore, the
absolute configurations at C-15 and C-18 were assigned
as S and R, respectively. Two of the hydroxyl groups were
suspected to be a vicinal diol due to the proton signal at δ
3.41 (2H) and the 13C NMR peaks at δ 74.9 and 74.2. The
configuration of this vicinal diol was assigned as threo on
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the basis of a comparison of its NMR chemical shifts with
literature data.12

The placements of the THF ring and the diol were
established by close examination of the EIMS fragmenta-
tion of 1 (Figure 1). The THF ring was placed between C-15
and C-18 based on the fragments at m/z 335 and 265, while
the diol was determined at C-24/C-25, from the fragments
at m/z 451 and 433 (cleavage between C-24/C-25 and loss
of a H2O moiety).

Finally, the absolute configuration at C-34 of 1 was
determined by a CD method.21 A positive π-π* Cotton effect
(∆ε >0) clearly indicated the stereochemistry at C-34 on
the γ-lactone fragment to be in the S configuration. The
absolute stereochemistry of the carbinol centers at C-24/

C-25 (threo) was undefined due to the indistinguishable
chemical shifts of H-23 and H-26 in the 1H NMR spectrum.
Thus, the structure of 1 was elucidated and this compound
named muricin H.

Compound 2 was isolated as a white waxy solid, [R]25
D

+88.0° (c 0.25, CHCl3). The [M + Na]+ peak in the FABMS
at m/z 629 suggested a molecular weight of 606, and the
molecular formula of C37H66O6 was confirmed by HR-
FABMS. Successive FABMS fragments at m/z 589, 571,
and 553 were indicative of the presence of three hydroxyls.
The IR, UV, and NMR spectral data revealed that 2 has
the same moieties as 1, including an R,â-unsaturated
γ-lactone, a mono-THF ring with one flanking hydroxyl
group in a threo/trans configuration, and a vicinal diol with
a threo configuration.8,12,22 Additionally, two proton signals
at δ 5.37, together with the 13C NMR signals at δ 130.8
and 129.0, showed the presence of a double bond (Table
1). The 13C NMR chemical shifts of the allylic methylene
carbons (C-27, 30) at δ 25.5-29.9 suggested the geometry
of the double bond as being in the Z-conformation.23

The structure of 2 was established by close examination
of the EIMS fragmentation (Figure 2). The EIMS peaks at
m/z 335 and 265 demonstrated that the THF ring is located
between C-15/C-18. Furthermore, the diol was located
between C-24/C-25, as suggested by the EIMS peaks at m/z
451 and 433. According to the anticipated biogenetic
pathway and the EIMS peak at m/z 549, the double bond
was located between C-28/C-29. On the basis of the above

Table 1. 1H and 13C NMR Chemical Shifts of Compounds 1-3

muricin H (1) muricin I (2) cis-annomontacin (3)

position δ (1H)a δ (13C)b δ (1H)a δ (13C)b δ (1H)a δ (13C)b

1 173.9 174.0 174.6
2 134.2 134.2 131.2
3 2.24 (m) 25.1 2.26 (m) 25.1 H-a 2.56 (m) 33.4

H-b 2.48 (m)
4 1.2-1.6 25.7-29.9 1.2-1.5 26.2-29.0 3.80 (m) 69.9
5 1.2-1.6 25.7-29.9 1.2-1.5 26.2-29.0 1.2-1.5 37.3c

6-8 1.2-1.6 25.7-29.9 1.2-1.5 26.2-29.0 1.2-1.5 25.5-29.7
9 1.2-1.6 25.7-29.9 1.2-1.5 26.2-29.0 1.2-1.5 37.2c

10 1.2-1.6 25.7-29.9 1.2-1.5 26.2-29.0 3.54 70.8
11 1.2-1.6 25.7-29.9 1.2-1.5 26.2-29.0 1.2-1.5 37.4c

12-13 1.2-1.6 25.7-29.9 1.2-1.5 26.2-29.0 1.2-1.5 25.5-29.7
14 1.2-1.6 35.5 1.2-1.5 35.4 1.2-1.5 25.5-29.7
15 3.82 (m) 79.3 3.82 (m) 79.3 1.2-1.5 25.5-29.7
16 1.98, 1.62 (m) 25.7-29.9 1.99, 1.65 (m) 26.2-29.0 1.2-1.5 34.0d

17 1.98, 1.62 (m) 25.7-29.9 1.99, 1.65 (m) 26.2-29.0 3.40 (m) 74.3
18 3.82 (m) 81.8 3.82 (m) 81.8 3.80 (m) 82.7
19 3.41 (m) 74.4c 3.45 (m) 74.2c 1.93, 1.76 (m) 25.5-29.7
20 1.2-1.6 35.5 1.2-1.5 35.4 1.93, 1.76 (m) 25.5-29.7
21 1.2-1.6 25.7-29.9 1.2-1.5 26.2-29.0 3.80 (m) 82.7
22 1.2-1.6 25.7-29.9 1.2-1.5 26.2-29.0 3.40 (m) 74.3
23 1.2-1.6 33.4d 1.2-1.5 32.4d 1.2-1.5 34.1d

24 3.41 (m) 74.5 c 3.45 (m) 74.5c 1.2-1.5 25.5-29.7
25 3.41 (m) 74.2 c 3.45 (m) 74.5c 1.2-1.5 25.5-29.7
26 1.2-1.6 32.3d 1.2-1.5 33.4d 1.2-1.5 25.5-29.7
27 1.2-1.6 25.7-29.9 1.2-1.5 23.5 1.2-1.5 25.5-29.7
28 1.2-1.6 25.7-29.9 5.37 130.8 1.2-1.5 25.5-29.7
29 1.2-1.6 25.7-29.9 5.37 129.0 1.2-1.5 25.5-29.7
30 1.2-1.6 31.9 1.2-1.5 26.2-29.0 1.2-1.5 25.5-29.7
31 1.2-1.6 22.6 1.2-1.5 26.2-29.0 1.2-1.5 25.5-29.7
32 0.86 (t, J ) 6.7) 14.1 1.2-1.5 31.9 1.2-1.5 31.9
33 6.98 (d, J ) 1.2) 148.9 1.2-1.5 22.7 1.2-1.5 22.7
34 5.04 77.6 0.87 (t, J ) 6.8) 14.1 0.87 (t, J ) 6.8) 14.1

(qd, J ) 6.8, 1.2)
35 1.39 (d, J ) 6.8) 19.2 6.98 (d, J ) 1.2) 148.9 7.17 (d, J ) 1.4) 152.2
36 5.05 77.4 5.02 78.0

(qd, J ) 6.8, 1.2) (qd, J ) 6.8, 1.4)
37 1.39 (d, J ) 6.8) 19.2 1.42 (d, J ) 6.8) 19.1

a Measured at 400 MHz, in CDCl3. Chemical shifts are in δ values. b Measured at 100 MHz, in CDCl3. Chemical shifts are in δ values.
c,d Assignments may be interchanged.

Table 2. 1H NMR Data of the (S)- and (R)-Mosher Esters of 1

proton S-MTPA R-MTPA ∆δS-R configuration

H-15 3.82 3.92 -0.10 19 R
H-18 3.77 3.79 -0.02 19 R

Figure 1. EIMS fragmentation (m/z values) of muricin H (1).
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data, the structure of 2 was characterized and the com-
pound named muricin I.

Compound 3 was isolated as a white waxy solid, [R]25
D

+36.5° (c 0.03, CHCl3). The [M + Na]+ peak in the FABMS
at m/z 647 suggested a molecular weight of 624, and the
molecular formula of C37H68O7 was confirmed by HR-
FABMS. The UV spectral absorption at 210 nm and the
IR spectral absorption at 1741 cm-1 again indicated the
presence of an R,â-unsaturated γ-lactone group. The suc-
cessive FABMS peaks at m/z 607, 589, 571, and 553 implied
the presence of four hydroxyl groups. In the 1H NMR
spectrum, the signals at δ 7.17 (1H, H-35), 5.02 (1H, H-36),
3.80 (1H, H-4), 2.56 (1H, H-3a), 2.48 (1H, H-3b), and 1.42
(3H, H-37) confirmed the presence of an R,â-unsaturated
γ-lactone with a hydroxyl group at the C-4 position (Table
1). The 1H NMR signals at δ 3.80 (2H, H-18, 21) and 3.40
(2H, H-17, 22), as well as the 13C NMR peaks at δ 82.7
(C-18, 21) and 74.3 (C-17, 22), indicated the presence of a
mono-THF ring with two flanking hydroxyls both in a threo
configuration.8 The 1H NMR spectrum showed proton
resonances for the two methylene groups of the mono-THF
ring, which appeared at δ 1.93 (2H, H-19a, 20a) and 1.76
(2H, H-19b, 20b) and corresponded to the cis configura-
tion.22

The placement of the THF ring and the diol were
established by the EIMS fragmentation of 3 (Figure 3). The
THF ring was placed between C-18 and C-21 on the basis
of the EIMS fragments at m/z 389 (C-21/C-22 cleavage -
2 H2O), 337 (C-17/C-18 cleavage - H2O), and 319 (C-17/
C-18 cleavage - 2 H2O), and the free hydroxyl was located
at C-10 on the basis of the EIMS fragments at m/z 241 (C-
11/C-10 cleavage) and 223 (C-11/C-10 cleavage - H2O).

The absolute configuration at C-36 of 3 was again
determined by a CD method.21 A positive π-π* Cotton effect
(∆ε >0) indicated that the stereochemistry at C-36 on the
γ-lactone fragment was in the S configuration. Comparison
of the spectral data of compound 3 with those of the known
compound, annomontacin,15 suggested that the only dif-
ference between the two structures was the conformation
of the THF ring. Thus, the structure of 3 was determined
and the compound named cis-annomontacin.

Compound 4 was isolated as a white waxy solid, [R]25
D

+13.6° (c 0.1, MeOH). The [M + H]+ and [M + Na]+ peaks
in the FABMS at m/z 579 and 601 established the molec-
ular weight as 578. The molecular formula, C35H62O6, was
confirmed by HRFABMS. Compound 4 had a very close
retention time to corossolone on reversed-phase HPLC,
with retention times of 19.27 and 18.19 min, respectively,

with the solvent system MeOH-H2O (88:12) (Hypersil C18

column, 250 × 4.6 mm i.d., flow rate of 1 mL/min). Analysis
of the UV, IR, 1H and 13C NMR, and mass (see Figure 4)
spectra of 4 in comparison to those of corosslone19 suggested
that 4 also possesses a carbonyl group and an R,â-
unsaturated γ-lactone ring and is a mono-THF acetogenin
with two flanking hydroxyls in a threo, threo configuration.
The 1H NMR peaks at δ 6.98 (1H, H-33), 4.99 (1H, H-34),
and 1.40 (3H, H-35), as well as the 13C NMR resonances
at δ 173.9 (C-1), 148.9 (C-33), 134.2 (C-2), 77.4 (C-34), and
19.2 (C-35), matched well with the published data of
annonaceous acetogenins with an R,â-unsaturated γ-lac-
tone ring without a hydroxyl group at the C-4 position (see
Table 3).8

The only differences between 4 and corossolone were
signals from two methylene groups observed at δ 1.74 and
1.92 (Η-17a, H-18a and H-17b, H-18b) in the 1H NMR
spectrum, which corresponded to the cis-THF ring config-
uration.8,12,19 These stereochemical relationships were fur-
ther substantiated as threo/cis/threo by the 13C NMR
signals of the oxygenated carbons of the THF subunit at δ
74.06, 74.34 (C-15, C-20) and 82.7, 82.6 (C-16, C-19),
respectively. Moreover, in the same fraction of the leaves

Figure 2. EIMS fragmentation (m/z values) of muricin I (2).

Figure 3. EIMS fragmentation (m/z values) of cis-annomontacin (3).

Figure 4. EIMS fragmentation (m/z values) of cis-corossolone (4).

Table 3. 1H and 13C NMR Chemical Shifts of Compounds 4
and 5

cis-corossolone (4) annocatalin (5)

position δ (1H)a δ (13C)b δ (1H)a δ (13C)b

1 173.9 175.0
2 134.2 131.2
3 2.25 25.6 2.51 (m) 31.8

2.39 (m)
4 1.43-1.60 27.3 3.88 69.9
5 1.24-1.33 29.7-28.7 1.2-1.6 37.1
6-7 1.24-1.33 29.7-28.7 1.2-1.6 25.5-29.8
8 1.43-1.60 23.7 1.2-1.6 25.5-29.8
9 2.38 (m) 42.8c 1.2-1.6 25.5-29.8

10 211.4 1.2-1.6 25.5-29.8
11 2.38 (m) 42.7c 1.2-1.6 25.5-29.8
12 1.43-1.60 23.7 1.2-1.6 25.5-29.8
13 1.24-1.33 25.1 1.2-1.6 25.5-29.8
14 1.36-1.42 33.4 1.2-1.6 35.3
15 3.41 (m) 74.3 3.83 79.4
16 3.80 (m) 82.7 1.99, 1.62 (m) 25.5-29.8
17 1.74, 1.92 (m) 28.1 1.99, 1.62 (m) 25.5-29.8
18 1.74, 1.92 (m) 28.1 3.83 (m) 81.7
19 3.80 (m) 82.6 3.42 (m) 74.2c

20 3.41 (m) 74.4 1.2-1.6 33.4d

21 1.36-1.42 33.2 1.2-1.6 25.5-29.8
22 1.24-1.33 25.2 1.2-1.6 25.5-29.8
23-26 1.24-1.33 29.7-28.7 1.2-1.6 25.5-29.8
27 1.24-1.33 29.7-28.7 1.2-1.6 33.2d

28 1.24-1.33 29.7-28.7 3.44 (m) 74.5c

29 1.24-1.33 29.7-28.7 3.44 (m) 74.4c

30 1.24-1.33 31.8 1.2-1.6 31.8
31 1.24-1.33 22.7 1.2-1.6 22.5
32 0.87 (t, J ) 6.8) 14.1 0.87 (t, J ) 6.8) 13.9
33 6.98 (d, J ) 1.6) 148.9 7.19 (d, J ) 1.4) 152.2
34 4.99 77.4 5.05 77.4

(qd, J ) 6.8, 1.6) (qd, J ) 6.8, 1.4)
35 1.40 (t, J ) 6.8) 19.2 1.42 (d, J ) 6.8) 18.9

a Measured at 400 MHz, in CDCl3. Chemical shifts are in δ
values. b Measured at 100 MHz, in CDCl3. Chemical shifts are in
δ values. c,d Assignments may be interchanged.
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of this species, we also isolated the known stereoisomeric
compound, corossolone.19 Thus, the structure of 4 was
established and the compound has been named cis-coros-
solone.

Compound 5 was isolated as a white waxy solid, [R]25
D

+23.2° (c 0.05, MeOH). The [M + H]+ and [M + Na]+ peaks
in the FABMS at m/z 597 and 619 established the molec-
ular weight as 596. The molecular formula, C35H64O7, was
confirmed by HRFABMS. Successive FABMS fragments at
m/z 579, 561, 543, and 525 suggested the presence of four
hydroxyl groups, and the IR and UV spectra indicated the
presence of an R,â-unsaturated γ-lactone group. Compari-
son with the NMR spectral data of muricin A suggested
that 5 may possess similar functional moieties, including
an R,â-unsaturated γ-lactone with a hydroxyl group at C-4,
a mono-THF ring with one flanking hydroxyl group, and a
vicinal diol (see Table 3).12

Two of the hydroxyl groups were suspected to constitute
a vicinal diol unit due to the proton signal at δ 3.44 (2H)
and the 13C NMR peaks at δ 74.5 and 74.4. To confirm the
presence of a vicinal diol, the acetonide derivative was
made. When the original compound and its acetonide
derivative were compared, the downfield shifts of two
protons of carbinol carbons at δ 3.44 to 3.59 and the
chemical shift of two equivalent methyls at δ 1.34 in the
1H NMR spectrum verified the presence of a threo vicinal
diol group (see Table 4).12,24

The placement of the THF ring and hydroxyl groups was
established by examination of the EIMS fragmentation of
5 (Figure 5). The THF ring was located between C-15/C-
18 on the basis of the EIMS peaks at m/z 351 and 281,
and the vicinal diol was placed on C-28/C-29 according to
the EIMS peaks at m/z 553 (C-29/C-30 cleavage), 523 (C-
28/C-29 cleavage), and 493 (C-27/C-28 cleavage). The
absolute configuration at C-34 of 5 was determined from
the CD spectrum, in which a positive π-π* Cotton effect
(∆ε >0) indicated the S configuration of C-34 on the
γ-lactone fragment.21 Thus, the structure of 5 was deter-
mined and the compound named annocatalin.

The identifications of the known annonaceous acetoge-
nins obtained in the investigation were verified by compar-
ing UV, IR, 1H NMR, 13C NMR, and MS data with
published values of annonacin,13 annonacinone,14 anno-
montacin,15 murisolin,16 xylomaticin,17 solamin,18 and coros-
solone.19

In 3-day cytotoxicity bioassays, compounds 1-5 exhib-
ited significant inhibitory activity against two cancer cell
lines, Hep G2 (human hepatoma cells) and Hep 2,2,15
(human hepatoma cells transfected with hepatitis B vi-
rus).25,26 Adriamycin was taken as the positive control. The
IC50 values are shown in Table 5. Among them, compound
5 demonstrated selective cytotoxicity toward Hep 2,2,15.
In an SAR comparison, compound 5 was further compared
with muricins A-C (see Supporting Information),12 all of
which possess a mono-THF ring with one flanking hydroxyl
group that originates from the unusual C-15 or C-17
position, an R,â-unsaturated γ-lactone with a hydroxyl
group at C-4, and a vicinal diol. All of the examples of this
type of annonaceous acetogenin exhibited selectivity against
Hep 2,2,15. The acetogenins are shown to act by suppres-
sion of ATP production.9

Experimental Section

General Experimental Procedures. Optical rotations
were measured on a JASCO DIP-370 digital polarimeter. CD
spectra were measured on a JASCO J-720 spectropolarimeter.
The IR spectra were measured on a Hitachi 260-30 spectro-
photometer. 1H NMR (400 MHz) and 13C NMR (100 MHz)
spectra (all in CDCl3) were recorded with Varian NMR
spectrometers, using TMS as internal standard. LRFABMS
and LREIMS were obtained with a JEOL JMS-SX/SX 102A
mass spectrometer or a Quattro GC/MS spectrometer having
a direct inlet system. HRFABMS were measured on a JEOL
JMS-HX 110 mass spectrometer. Si gel 60 (Macherey-Nagel,
230-400 mesh) was used for column chromatography; pre-
coated Si gel plates (Macherey-Nagel, SIL G-25 UV254, 0.25
mm) were used for analytical TLC, and precoated Si gel plates
(Macherey-Nagel, SIL G/UV254, 0.25 mm) were used for
preparative TLC. The spots were detected by spraying with
Dragendorff’s reagent or 50% H2SO4 and then heating on a
hot plate. HPLC was performed on a Shimadzu LC-10AT
apparatus equipped with a Shimadzu SPD-10A UV-vis detec-
tor. Hypersil ODS-5 (250 × 4.6 mm i.d.) and preparative
ODS-5 (250 × 20 mm i.d.) columns were used for analytical
and preparative purposes, respectively.

Plant Material. The seeds and leaves of A. muricata L.
were collected from Chia-Yi City, Taiwan, in March 1997.
Voucher specimens (Annona-04) were deposited in the Gradu-
ate Institute of Natural Products, Kaohsiung, Taiwan, Repub-
lic of China.

Extraction and Isolation. Steps for extraction and chro-
matographic fractionation of the seeds were identical to those
reported previously.8 The MeOH extracts of the seeds (ca. 1
kg) were partitioned to yield CHCl3 and aqueous extracts. The
CHCl3 layer afforded a waxy extract residue (ca. 200.6 g),
which was further separated into 10 fractions by column

Table 4. 1H NMR Signals for the Protons of the Threo and
Erythro Diols, Acetonide, Compounds 5, and the Acetonide
Derivative 5b

methine protons acetonyl methyls

threo erythro threo erythro

diol 3.45 (2H) 3.62, 3.58
acetonide 3.58 (2H) 4.02, 4.00 1.37 (6H) 1.43, 1.33
5 3.41 (2H)
5b 3.59 (2H) 1.34 (6H)

Figure 5. EIMS fragmentation (m/z values) of annocatalin (5).

Table 5. In Vitro Cytotoxicity Data of Compounds 1-5

cell linesa/IC50 (µg/mL)

compound hep G2 hep 2,2,15

1 9.51 × 10-2 1.18 × 10-2

2 5.09 × 10-2 2.22 × 10-1

3 2.98 × 10-1 1.62 × 10-2

4 1.65 × 10-1 4.76 × 10-2

5 5.70 3.48 × 10-3

adriamycin 2.41× 10-1 4.50 × 10-1

a Hep G2 is a human hepatoma cell line, and Hep 2,2,15 is a
Hep G2 cell line transfected with HBV.
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chromatography on Si gel with gradients of n-hexane-CHCl3

and CHCl3-MeOH. Fraction 7, eluted with CHCl3-MeOH (95:
5), was isolated and further purified by column chromatogra-
phy and HPLC (Hypersil ODS-5 column, 250 × 4.6 mm,
MeOH-water, 95:5, flow rate 1 mL/min; UV detector set at
225 nm) to give muricin H (1) (100 mg, tR 6.90 min), murisolin
(8 mg, tR 7.42 min), and muricin I (2) (10 mg, tR 8.98 min) and
by HPLC (Hypersil ODS-5 column, 250 × 4.6 mm, MeOH-
water, 93:7, flow rate 1 mL/min; UV detector set at 225 nm)
to give annonacinone (200 mg, tR 6.03 min). Fraction 9 was
isolated and further purified by column chromatography and
HPLC (Hypersil ODS-5 column, 250 × 4.6 mm, MeOH-water,
88:12, flow rate 1 mL/min; UV detector set at 225 nm) to give
annomontacin (45 mg, tR 15.29 min) and cis-annomontacin (3)
(26 mg, tR 18.15 min) and by HPLC (Hypersil ODS-5 column,
250 × 4.6 mm, MeOH-water, 86:14, flow rate 1 mL/min; UV
detector set at 225 nm) to give annonacin (1050 mg, tR 16.92
min) and xylomaticin (15 mg, tR 31.61 min).

The dried leaves of A. muricata (4.0 kg) were also extracted
with MeOH at room temperature repeatedly. The combined
MeOH extracts (ca. 400 g) were evaporated and partitioned
to yield CHCl3 (ca. 250 g) and aqueous extracts. The CHCl3

layer was further separated into 12 fractions by column
chromatography on Si gel with gradients of n-hexane-EtOAc
(n-hexane-EtOAc, 4:1, to pure EtOAc) and EtOAc-MeOH
(pure EtOAc to EtOAc-MeOH, 10:1). Fraction 8, eluted with
EtOAc-MeOH (98:2), was isolated and further purified by
column chromatography and preparative TLC development
three times with CHCl3-MeOH (100:1) to give solamin (10
mg, n-hexane-EtOAc, 4:1, Rf 0.5). Fraction 9, eluted with
EtOAc-MeOH (95:5), was chromatographed on a Si gel column
(70-230 mesh, 0-7% MeOH in CHCl3) to give 10 subfractions.
Subfraction 5, eluted with CHCl3-MeOH (97:3), was separated
and purified by reversed-phase HPLC (Hypersil ODS-5 col-
umn, 250-4.6 mm, MeOH-water, 90:10, flow rate 1 mL/min;
UV detector set at 225 nm) to give murisolin (4 mg, tR 7.76
min). The remainder of this subfraction was combined and re-
purified by reversed-phase HPLC (Hypersil ODS-5 column,
250 × 4.6 mm, MeOH-water, 88:12, flow rate 1 mL/min; UV
detector set at 225 nm) to give corossolone (6 mg, tR 18.19 min)
and cis-corossolone (4) (5 mg, tR 19.27 min). Subfraction 6,
eluted with CHCl3-MeOH (96:4), was separated and purified
by reversed-phase HPLC (Hypersil ODS-5 column, 250-4.6
mm, MeOH-water, 88:12, flow rate 1 mL/min; UV detector
set at 225 nm) to give annocatalin (5) (5 mg, tR 41.77 min).

Muricin H (1): colorless waxy solid; [R]25
D +9.5°(c 0.76,

CHCl3); UV (MeOH) λmax (log ε) 208 (3.64) nm; IR (KBr) νmax

3409 (OH), 2918, 2848, 1743 (OCdO), 1068 cm-1; 1H NMR
(CDCl3, 400 MHz) and 13C NMR (CDCl3, 100 MHz) data, see
Table 1; FABMS m/z 581 [M + H]+; EIMS (30 eV) data, see
Figure 1; HRFABMS m/z 581.4785 (calcd for C35H65O7,
581.4781).

(R)- and (S)-MTPA Derivatives of 1. Compound 1 (5 mg)
was dissolved in 1 mL of dry CH2Cl2, 0.5 mL of pyridine, and
1 mg of 4-(dimethylamino)pyridine, and 100 mg of (R)-(-)-
methoxyl-R-(trifluoromethyl)phenylacetyl chloride was intro-
duced to the solution. After the reaction mixture was allowed
to sit for more than 6 h at room temperature (the reaction
progress was monitored by TLC), saturated NaHCO3 (3 mL)
and Et2O (3 mL) were added. The organic phase was removed,
and the aqueous phase was extracted with Et2O (5 mL, ×2).
The organic phases were combined, washed three times with
NaHSO4 (5% aqueous solution, to remove pyridine) and brine,
dried (MgSO4), and concentrated under reduced pressure to
leave a crude yellow oil,12 which was purified by preparative
TLC to give the (S)-MTPA esters. The (R)-MTPA esters were
prepared in the same way using (S)-(+)-methoxyl-R-(trifluo-
romethyl)phenylacetyl chloride reagent.12

Muricin I (2): white waxy solid; [R]25
D +88.0° (c 0.25,

CHCl3); UV (MeOH) λmax (log ε) 206 (3.54) nm; IR (KBr) νmax

3421 (OH), 2925, 2854, 1749 (OCdO), 1072 cm-1; 1H NMR
(CDCl3, 400 MHz) and 13C NMR (CDCl3, 100 MHz) data, see
Table 1; FABMS m/z 607 [M + H]+; EIMS (30 eV) data, see
Figure 2; HRFABMS m/z 607.4934 (calcd for C35H65O7,
607.4938).

cis-Annomontacin (3): white waxy solid; [R]25
D +36.5° (c

0.03, CHCl3); UV (MeOH) λmax (log ε) 210 (3.72) nm; IR (KBr)
νmax 3409 (OH), 2921, 2852, 1741 (OCdO), 1079 cm-1; 1H NMR
(CDCl3, 400 MHz) and 13C NMR (CDCl3, 100 MHz) data, see
Table 1; FABMS m/z 625 [M + H]+; EIMS (30 eV) data, see
Figure 3; HRFABMS m/z 625.5040 (calcd for C35H65O7,
625.5043).

cis-Corossolone (4): white waxy solid; [R]25
D +13.6° (c 0.10,

MeOH); UV (MeOH) λmax (log ε) 210 (3.61) nm; IR (KBr) νmax

3500 (OH), 3018, 2928, 2855, 1749 (OCdO), 1215 cm-1; 1H
NMR (CDCl3, 400 MHz) and 13C NMR (CDCl3, 100 MHz) data,
see Table 1; FABMS m/z 579 [M + H]+; EIMS (30 eV) data,
see Figure 4; HRFABMS m/z 601.4437 [M + Na]+ (calcd for
C35H64O7Na, 601.4444).

Annocatalin (5): white waxy solid; [R]25
D +23.2° (c 0.05,

MeOH); UV (MeOH) λmax (log ε) 210 (3.64) nm; IR (KBr) νmax

3406 (OH), 2924, 2849, 1756 (OCdO) cm-1; 1H NMR (CDCl3,
400 MHz) and 13C NMR (CDCl3, 100 MHz) data, see Table 1;
FABMS m/z 597 [M + H]+; EIMS (30 eV) data, see Figure 5;
HRFABMS m/z 597.4739 (calcd for C35H64O7, 597.4730).

Acetonide Derivative of Compound 5. Compound 5 (2
mg) and 0.1 mg of toluenesulfonic acid monohydrate were
dissolved in 0.5 mL of acetone. The mixture was allowed to
stand at room temperature for 5 h, and the conversion was
monitored by TLC. The product was purified over small column
of Si gel (in a small pipet) eluted with 20:1 hexane/acetone
and was dried in vacuo to give the acetonide derivative 5b.12

Bioassays. The 3-day bioassays against Hep G2 and 2,2,15
were carried out according to procedures described in the
literature.25,26 A previous paper described the assay procedure
in detail.8
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(24) Chávez, D.; Mata, R. J. Nat. Prod. 1998, 61, 580-584.
(25) Doong, S. L.; Tsai, C, H.; Schinazi, R. F.; Liotta, D. C.; Cheng, Y. C.

Proc. Natl. Acad. Sci., U.S.A. 1991, 88, 8495-8499.
(26) Elliott, W. M.; Auersperg, N. Biotech. Histochem. 1993, 68, 29-35.

NP0105578

Cytotoxic Annonaceous Acetogenins from Annona Journal of Natural Products, 2002, Vol. 65, No. 4 475


