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Two new annonaceous acetogenins named as squamostanin-A and squamostanin-B were isolated
from 95% EtOH extract of the seeds of Annona squamosa. Their structures were determined by
spectroscopic method, and their cytotoxicities were evaluated using MTT method.
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1. Introduction

Annonaceous acetogenins (ACGs) constitute
a series of natural products isolated exclu-
sively from Annonaceae plants [1-5], which
comprise of some 130 genera and include
over 2300 species and are widely distributed
in tropical and subtropical regions. The main
chemical ingredients of Annonaceae plants
are ACGs and alkaloids. Now, more than 500
ACGs have been isolated from Annona genus
plant. ACGs exhibited a broad range of
biological properties such as cytotoxic,
antiparasitic, pesticidal, and immunosuppres-
sive activities [6,7]. Especially, the ACGs
have distinctive antitumor effects through the
depletion of ATP levels via inhibiting
complex I of mitochondria and inhibiting
the NADH oxidase of plasma membranes of
tumor cells [8,9]. In our investigation, two
new ACGs were isolated from the seeds of
Annona squamosa. In this paper, we report
the isolation, structure elucidation, and
cytotoxicities of two new ACGs (Figure 1).

2. Results and discussion

Compound 1 was obtained as a white
amorphous powder. Its molecular formula

was determined to be C3;HggOg by the ion
peak at m/z 639.4698 [M + H]" in the HR-EI-
MS. The IR absorption bands at 3320, 1720,
and 1524cm™' showed the presence of
hydroxyl, carbonyl, and double bond. In the
'"H NMR spectrum of 1, the signals at 6 7.20
(1H, d, H-35),5.07 (1H, dq, H-36), 2.26 (2H, t,
H-3), and 1.38 (3H, d, H-37), together with the
carbon signals at 6 174.5 (C-1), 152.2 (C-35),
134.5 (C-2), 79.5 (C-36), 25.4 (C-3), and 19.2
(C-37) are characteristic spectral data for the
methyl o,B-unsaturated <y-lactone moiety,
commonly found in the ACGs [10], which
was also supported by the positive Kedde
reaction. The presence of a non-adjacent bis-
THF ring system with four flanking hydroxyls
was indicated by the 'H NMR signals at &
3.83-3.93 (4H, m, H-11, 14, 19, 22), 3.31-
3.40 (3H, m, H-15, 18, 23), and 3.40 (1H, m,
H-27), and the '*C NMR signals at & 80.9 (C-
11), 84.0 (C-14), 83.8 (C-19), 83.9 (C-22),
75.5 (C-15), 75.3 (C-18), 75.1 (C-23), and
74.4 (C-27). In the high-field region of the 'H
and '*C NMR spectra, the proton signals at &
1.23-1.76 (m) and the carbon signals at &
14.4-32.6 showed the presence of long fatty
chain. Furthermore, the EI-MS fragment ions
at 539, 521,503, 485, 467, 449,431,413, 367,
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Figure 1. Structures of compounds 1 and 2.

and 349 showed the clearance process of
compound 1 (Figure 2), the four successive
losses of H,O (m/z 18) in the EI-MS of 1
showed the existence of four OH moieties, and
the positions of the OH groups in 1 were
assigned at C-15, C-18, C-23, and C-27 by
careful analysis of fragment ions in the EI-MS
of 1 and its tetra-TMSi derivative (1b; Figures
2 and 3). The placement of the THF ring
moiety was also established by the close
examination of fragments ions in the EI-MS of
1 at m/z 467, 437, 367, and 279, and its tetra-
TMSi derivative (1b) at m/z 683,653,511, and
279. Thus, the fragmentation pattern observed
showed that the non-adjacent bis-THF ring
moiety was located from C-11 to C-14 and
C-19 to C-22, respectively (Figures 2 and 3).

-18 -18 -18

> 539 —>521 —> 503 — >

1b R = TMSi

trans

threo

2b R = TMSi

The relative stereochemistry between C-14
and C-15 was indicated as threo by comparing
the proton signals at H-14 (6 3.83) and H-15
(6 3.40) and carbon signals at C-14 (6 84.0)
and C-15 (6 75.5) with those of known ACGs
squamostanin-D [11]. The proton signals at &
3.31 (H-18), 3.83 (H-19), 3.83 (H-22), and
3.34 (H-23) in the '"H NMR spectrum of 1
suggested the relative stereochemistry of
C-18-C-19 and C-22-C-23 was also threo.
The 'H and '>C NMR spectral data for the
methines and methylenes in the rings
suggested the relative configurations of the
two THF rings were both trans [12,13].
Therefore, the relative stereochemistry across
the THF ring and the flanking hydroxyls was
assigned as trans/threo/threo/trans/threo
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Figure 2. Diagnostic mass fragmentation ions of 1 and 2 (molecular mass = 638 amu) in m/z, losses of

m/z 18 indicate the loss of H,O neutrals.
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Figure 3. Diagnostic mass fragmentation ions of 1b and 2b (molecular mass=926 amu) in m/z, losses of

m/z 90 indicate the loss of TMSiOH neutrals.

which was consistent with that of squamo-
stanin-D. Compound 1 is a structural isomer
of squamostanin-D, their difference is the
position of the THF ring system, the non-
adjacent bis-THF ring of squamostanin-D is
located at C-12-C-15 and C-20-C-23,
respectively. Thus, the ring system of
compound 1 is shifted by one carbon unit
toward the y-lactone ring. To determine the
stereochemistry of compound 1, the (R)- and
(S)-Mosher ester derivatives were prepared,
the negative value of 6y (S—R) at H-14
(—0.072), H-15 (—0.011), H-17 (—0.017),
H-18 (—0.039), H-22 (—0.066), H-23
(—0.054), H-26 (—0.014), and H-27
(—0.044) suggested the absolute stereo-
chemistries were determined as C-15 R,
C-18 R, C-23 R, and C-27 R, respectively,
by using advanced Mosher ester methodology
(Table 1). Comparing the NMR spectral data
of the MTPA derivatives of 1 with those of
model butenolides synthesized by Hoye et al.
[14], the absolute stereochemistry for C-36
was determined as S, which was identical to
all the known ACGs. Accordingly, the
structure of compound 1 was elucidated as
reported in Figure 1.

Compound 2 was obtained as a white wax
powder. Its molecular formula was deter-
mined to be C37HggOg by the ion peak at m/z
639.4682 [M + H|" in the HR-EI-MS. The
"H and "*C NMR spectral data of compound 2
were almost identical to those of compound 1
(Table 3), and the EI-MS of compound 2
was almost superimposable with that of

compound 1. In the "H NMR spectrum of 2,
the signals at 6 7.22 (1H, d, H-35), 5.13 (1H,
dq, H-36), 2.27 (2H, t, H-3), and 1.37 (3H, d,
H-37), together with the carbon signals at
6172.5(C-1), 151.8 (C-35), 133.5 (C-2), 79.8
(C-36), 24.3 (C-3), and 19.7 (C-37) also
indicated the presence of methyl o,(3-
unsaturated +v-lactone moiety and the pre-
sence of a non-adjacent bis-THF ring system
with flanking hydroxyls was also indicated by
the '"H NMR signals at 6 3.80-3.89 (4H, m,
H-11, 14, 19, 22), 3.37-3.42 (3H, m, H-15,
18, 27), and the '>C NMR signals at & 81.3
(C-11), 84.2 (C-14), 84.5 (C-19), 84.0 (C-22),
75.3 (C-15), 74.9 (C-18), and 74.3 (C-27),
which showed the two compounds had a
similar structure. However, comparing their
"H and '*C NMR spectra carefully, their main
differences were the chemical shifts of H-23
and C-23. In the "H NMR spectra of 2 and 2a,
the proton signals at 6 3.82 (1H, m, H-23) and
3.84 (IH, m, H-23), respectively, and the
carbon signal at 6 71.3 (C-23), indicated
the relative stereochemistry between C-22
and C-23 was erythro. So, the relative
stereochemistry of THF ring system of
compound 2 was trans/threo/threo/trans/ery-
thro. The (R)- and (S)-Mosher ester deriva-
tives of compound 2 were also prepared to
determine the absolute configuration and the
positive value of 6y (S—R) at H-19 (+0.046),
H-22 (40.066), and H-23 (40.052)
suggested an S-configuration at C-23 of
compound 2. Thus, the absolute stereo-
chemistries of compound 2 were determined
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as C-15 R, C-18 R, C-23 §, and C-27 R by
using advanced Mosher ester methodology
(Table 1). The NMR spectral data of the
MTPA derivatives of 2 were compared with
those of model butenolides synthesized by
Hoye et al. [14]. On the basis of the above
analysis, the compound 2 is a structural
isomer of compound 1 and the structure of
compound 2 was elucidated as reported in
Figure 1.

The cytotoxicities of compounds 1 and 2
were evaluated against the human tumor cell
lines of human colon adenocarcinoma (HCT),
human lung carcinoma (A-549), human
breast carcinoma (MCF-7), and human
prostate adenocarcinoma (PC-3) by the
conventional MTT method. The results listed
in Table 2 showed that both the compounds
exhibited significant selective activities
against all four human tumor cell lines in
our 2-day MTT tests. As shown in Table 2,
compound 2 showed notable selective
activity against PC-3 tumor cells with an
ICsq value 7.33 X 10~* pg/ml. Furthermore,
the result of cytotoxicity bioassays showed
compound 2 was generally more bioactive
than compound 1, whose cytotoxicities also
exceeded adriamycin. The relative stereo-
chemistry of ACGs may be an important
factor for the bioactivity, and the ACGs with
threo/trans/threo/trans/erythro stereochemi-
cal arrangement showed to be gently more
active than those with the threo/trans/threo/
trans/threo stereochemical arrangement. The
result of cytotoxicity bioassays also further
revealed that the ACGs have a broad range of
cytotoxic activity and ACGs have been
judged as promising candidates for a future
generation of drugs to fight against tumor
cells.

3. Experimental
3.1 General experimental procedures

Melting points were determined on a Yanaco-
MP-S3 micro melting point apparatus and are
uncorrected. Optical rotations were measured
on a Perkin-Elmer 241 MC polarimeter. The
UV spectra were taken on a HP 8451A diode
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Table 2. Cytotoxicity of 1 and 2 against human tumor cell lines.

EDs (pg/ml)

Compound HCT A-549 PC-3 MCF-7

1 3.97 x 1072 5.67 x 1073 5.63 x 1073 1.62 X 1072
2 3.02 x 1073 553 x 1073 733 x 10°* 1.17 x 1072
Adriamycin 4.94 x 1072 2.62 X 1072 2.87 X 107! 1.94 x 107!

array spectrophotometer. The IR spectra
were recorded on a NEXUS-470 spectro-
photometer. The 'H and '>*C NMR spectral
data were recorded on Brucker ACF-300P in
CDCls. EI-MS data were obtained on FEOL
JMS 300S. HR-EI-MS data were obtained on
a PE LC/MS spectrometer. Chromatography
was performed on silica gel (200—300 mesh).
Optical densities (OD) were read on a BR680
enzyme-labeled detector.

3.2 Plant material

The seeds of A. squamosa were collected
from Guangdong Province in July 2007 and
identified by Prof. Jian-Wei Chen (Nanjing
University of Chinese Medicine, Jiangsu,
China). The sample was authenticated and is
deposited in the Pharmaceutical College of
Nanjing University of Chinese Medicine,
Jiangsu (No. 083).

3.3 Extraction and isolation

The seeds of A. squamosa (14kg) were
pulverized and then extracted three times
with 95% EtOH for 2h at room temperature.
The extract (1400 g) was suspended in water
and partitioned to provide petroleum ether
(180 g), CHCI; (238 g), and n-BuOH (80 g)
fractions, respectively. The CHCl; fraction
(208 g) was subjected to Si-gel column
chromatography (eluted with CHCI; and
MeOH in increasing polarity) to obtain six
fractions (H;—Hg). The fraction H, was
further fractioned on Si-gel column
chromatography with a step gradient elution
of CHCl;-MeOH (100:1, 50:1, 20:1, and
10:1) to afford other 10 fractions (H;,—Hjg).
The fraction Hg was further subjected to

Si-gel column chromatography gradiently
eluted with CHCl;-MeOH (50:1, 20:1,
10:1, and 2:1) to afford 1 (52mg). The H,
fraction was also further subjected to Si-gel
column chromatography eluted with CHCl;—
MeOH (50:1, 20:1, 10:1, and 1:1) to afford 2
(61 mg).

3.3.1 Compound 1

White amorphous powder; mp 82-84°C;
[a]¥ +9.7 (c=0.082, MeOH); UV
(MeOH) Apax: 220nm (loge 4.27). IR
(KBr) vmax (cm™Y): 3320, 1720, 1524, and
765. The 'H and '>C NMR spectral data are
reported in Table 3. EI-MS m/z: 638, 620,
539, 521, 503, 485, 467, 449, 431, 413, and
279. HR-EI-MS m/z: 639.4698 [M + H]*
(calcd for C37H6608’ 6394758)

3.3.2 Compound 2

White wax powder; mp 62-63°C; [oz]zD5
+16.7 (¢ =0.067, MeOH). UV (MeOH)
Amax: 220nm (loge 4.20). IR (KBr) vpax
(cm™1): 3220, 1715, 1545, and 762. The 'H
and '*C NMR spectral data are reported in
Table 3. EI-MS m/z: 638, 620, 539, 521, 503,
485, 467, 449, 431, 413, 367, 349, and 279.
HR-EI-MS m/z: 639.4682 [M + H]" (caled
for C37H6608’ 6394758)

3.4 Preparation derivatives
3.4.1 Preparation of tri-TMSi derivatives

Pure compounds 1 and 2 (25 mg) were placed
in a 100 ml conical reaction vial, respectively,
and dried in a vacuum desiccator over P,Os5
for 24 h. The sample was treated with 2 pl of
pyridine and 20 pl of N,O-bis(trimethylsilyl)
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acetamide and heated at 70°C for 30 min to
yield the tetra-TMSi derivatives (1b and 2b).

3.4.2  Preparation of per-S- and per-R-
Mosher esters

Purified compounds 1 and 2 (2.0mg) were
dissolved in 0.5 ml of CH,Cl, and sequentially,
0.2ml of pyridine, 0.2 mg of 4-(dimethyla-
mino) pyridine, and 25mg of (R)-(—)-a-
methoxy-(trifloromethyl) phenylacetyl chlor-
ide were added. The mixture was left at room
temperature for 4 h and purified over a micro-
column (0.66 cm) of Si-gel eluted with 2 ml of
CH,Cl,. The eluate was washed with 1%
NaHCOj3 (5ml) and H,O (2 X 5ml ) and dried
invacuo to give the S-Mosher esters. Use of (5)-
(+)a-methoxy-a-(trifloromethyl) phenylace-
tyl chloride gave the R-Mosher ester derivatives
of compounds 1 and 2.

3.4.3  Preparation of acetate derivatives

Pure compounds 1 (10 mg) and 2 (12 mg) were
dissolved in 0.5—1.0ml of pyridine, respect-
ively. Anhydrous Ac,O (1 ml) was added and
the mixture was left at room temperature for
4-8h. The mixture was then partitioned
between H,O and CH,Cl,, and the organic
layer was concentrated in vacuo to afford the
pure acetate derivatives (1a and 2a).

3.5 Cytotoxicity assays

Compounds 1 and 2 were assayed for
cytotoxicity against HCT, human lung
carcinoma (A-549), human breast carcinoma
(MCF-7), and human prostate adenocarci-
noma (PC-3) with adriamycin as positive
standard using MTT method. Freshly trypsi-
nized cell suspensions were seeded in a 96-
well microtiter plate at a density of 6000—
10,000 cell/ml, and different concentrations
of compounds 1 and 2 stocks were added after
24 h seeding.

The microtiter plates were incubated for
48 h in a humidified atmosphere of 5% CO, at

37°C and the cellular viability was deter-
mined using a standard MTT method, the OD
were read on an enzyme-labeled detector
(BR680) at a wavelength of 490 nm.
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