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Bioactivity-directed fractionation of the ethanol extract of Asimina longifolia led to the isolation
of four novel bioactive annonaceous acetogenins: longimicins A-D (1-4). Compounds 1-4
represent the asimicin type of acetogenins; however, the locations of the adjacent bis-
tetrahydrofuran (THF) ring moieties are shifted along the aliphatic chains compared to the
known compounds of this type. They are the first examples among this type of acetogenins
with the placements of the ring systems altered. Compounds 1-4 showed bioactivities in
several bioassays, but they are less active than their structural isomers. Study of their
structure-activity relationships (SAR) reveals that the position of the adjacent bis-THF ring
moiety is essential for maximization of the bioactivities among these asimicin type annonaceous
acetogenins.

Introduction

Annonaceous acetogenins are derivatives of C32 or
C34 fatty acids. These compounds have terminal γ-lac-
tone rings, zero to three tetrahydrofuran (THF) rings,
and a number of oxygenated moieties in the middle of
the long hydrocarbon chains.1-3 Acetogenins can be
categorized to certain “types” according to the number
and arrangement of the THF rings, as well as the
configuration of the stereogenic centers within and
adjacent to the THF moieties.3 The asimicin type of
acetogenins4 is characterized by the presence of an
adjacent bis-THF ring with two flanking hydroxyls, and
within the bis-THF ring system, the pseudosymmetrical
threo/trans/threo/trans/threo pattern5,6 of relative
configuration is displayed. Some asimicin type com-
pounds show highly potent antitumor and pesticidal
activities,1-4,7 suggesting promising future medicinal
and agricultural applications for this group of com-
pounds.
Activity-directed fractionation of the ethanol extract

of the leaves and twigs of Asimina longifolia K. (An-
nonaceae), using the brine shrimp lethality test (BST)
to monitor fractionation,8,9 led to the isolation of four
new asimicin type acetogenins, which were named
longimicins A-D (1-4). Compounds 1-4 (Figure 1) all
have the structural novelty that their THF ring systems
are shifted by two or four carbon units along the
hydrocarbon chains compared with the previously re-
ported compounds of the asimicin type.1-3 The deter-
minations of the positions of the THF ring systems were
based on the EIMS analyses of their tri-TMSi deriva-
tives. The structures and stereochemistries were elu-
cidated by analyses of 1D and 2D NMR spectra before
and after certain chemical derivatizations. Several
bioassays were carried out to test the bioactivities of
compounds 1-4, and comparison of their activities with
those of the known compounds revealed the essential

nature of the position of the THF ring moiety for
maximizing the bioactivities of the asimicin type aceto-
genins.

Results and Discussion

Chemistry. Compound 1 was isolated as a colorless
wax. The molecular weight of 1 was determined by a
peak at m/z 623 [MH+] in the FABMS. HRFABMS
found the molecular ion peak at m/z 623.4880 which
closely matched the exact mass, 623.4887, calculated for
the molecular formula, C37H66O7.
The spectral data of 1 showed an IR carbonyl absorp-

tion at 1750 cm-1, a UV (MeOH) λmax at 208 nm (log ε
3.80), proton resonances at δ 7.19 (H-35), 5.06 (H-36),
3.86 (H-4), 2.53 (H-3a), 2.40 (H-3b), and 1.41 (H-37) in
the 1H-NMR spectra, and carbon resonances at δ 174.5
(C-1), 151.8 (C-35), 131.1 (C-2), 78.0 (C-36), 70.1 (C-4),
and 19.2 (C-37) in the 13C-NMR spectra. These are all
characteristic spectral features for the methylated R,â-
unsaturated γ-lactone ring with a 4-OH moiety, as
commonly found in the annonaceous acetogenins.1-3

The existence of three OHmoieties in 1was evidenced
by a prominent IR OH absorption at 3400 cm-1, three
successive losses of H2O (m/z 18) from the [MH+] in
the FABMS, and the preparation of tri-acetate (1a) and
tri-TMSi (1b) derivatives. The presence of an adjacent
bis-THF ring system with two flanking hydroxyls in 1
was indicated by the 1H-NMR signals at δ 3.39 (H-11,
H-20), 3.83 (H-12, H-15, H-16, and H-19), and 13C
signals at δ 74.1 (H-11, H-20), 83.2 (C-12, H-19), 81.8
(C-15, C-16) (Table 1). EIMS of 1b (Figure 2) deter-
mined this moiety to be located at C-11-C-20. The
placement was further confirmed by HREIMS of 1b, in
which the exact mass was determined for the fragment
at m/z 399.2379 (calcd 399.2387) corresponding to the
elemental composition of C20H39O4Si2.
The relative stereochemistry across the THF ring and

the flanking hydroxyls was assigned as threo/trans/
threo/trans/threo based on 1H- and 13C-NMR data of 1
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and 1a, which were consistent with those of model
compounds.5,6 The absolute stereochemistries were
determined as C-4R, C-11R, and C-20R by using ad-
vanced Mosher ester methodology (Table 5).10 Compar-
ing the NMR data of the MTPA derivatives of 1 with
those of model butenolides synthesized by Hoye et al.,11
the relative stereochemistry between C-4 and C-36 was
revealed as “unlike” (RS or SR). Thus, the absolute
stereochemistry for C-36 was determined as S, as is
usual for all the known acetogenins.
Therefore, the structure of 1 was concluded to be as

illustrated and named longimicin A. Longimicin A is a
structural isomer of asimicin,4 the only difference
between them is the location of the THF ring moiety
which is shifted by four carbon units toward the
γ-lactone ring in 1 compared with asimicin.

Compounds 2 and 3 (Table 2 and 3) were both isolated
as colorless waxes. FABMS gave them the same mo-
lecular ion peak at m/z 595 [MH+], and HRFABMS
established the molecular formulas of both 2 and 3 to
be C35H62O7 by showing their [MH+] peaks at m/z
595.4718 (2) and 595.4736 (3) (calcd 595.4754).
The IR, UV, and 1H- and 13C-NMR spectra of 2 and 3

were very similar to those of 1. Comparisons of these
spectra gave the indication that 2 and 3 might also
possess the identical structural skeleton as that of 1;
this included the terminal R,â-unsaturated γ-lactone
ring with a 4-OH group and an adjacent bis-THF ring
with two flanking hydroxyls; however, 2 and 3 had chain
lengths of C-35 instead of C-37. The relative configu-
ration in the bis-THF ring moieties was also defined as
threo/trans/threo/trans/threo based on the 1H-NMR

Figure 1. Chemical structures of 1, 1a,b, 2, 2a,b, 3, 3a,b, 4, and 4a-c.

Figure 2. Diagnostic mass fragmentation ions of 1b (molecular mass ) 838 amu) inm/z, with percent intensities in parentheses.
Losses of m/z 90 indicate the loss of TMSiOH neutrals.
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spectral analyses of 2, 2a, 3, and 3a.5,6 By using the
advanced Mosher ester methodology7 and Hoye’s method
(Table 5),11 the absolute stereochemistries of the chiral
centers in 2 and 3 were determined to be the same as
those of 1.
The placement of the adjacent bis-THF ring system

was determined on the basis of the EIMS fragmentation
pattern of the TMSi derivatives of 2 (2b) (Figure 3) and
3 (3b) (Figure 4). The ring system was determined to
be located at C-11-C-20 for 2, and at C-9-C-18 for 3.

Compounds 2 and 3 were given the trivial names
longimicins B and C, respectively. 2 and 3 are struc-
tural isomers of parviflorin,12 and they differ from
parviflorin only in that the position of the THF ring
system is at C-13-C-22 in parviflorin. Thus, the ring
system is shifted by two carbon units in 2 and four
carbon units in 3 toward the γ-lactone ring.
Compound 4was isolated as another waxy compound.

A molecular ion peak at m/z 623 in the FABMS
spectrum of 4 once again indicated a molecular weight
of 622 as in 1 and asimicin. The HRFABMS spectrum
showed an exact mass peak at m/z 623.4880, which
matched the molecular formula C37H66O7 (calcd
623.4887).
The NMR spectral data of 4 also provided the char-

acteristic features for the R,â-unsaturated γ-lactone, but
without the 4-OH group (Table 4). The absence of the
4-OH group is evidenced by the upfield shifts, compared
with 1-3, for three proton resonances at δ 6.99 (H-35),
5.00 (H-36), and 2.26 (H-3) and four carbon resonances
at δ 174.0 (C-1), 148.8 (C-35), 134.3 (C-2), and 77.4 (C-
36). H-3 in 1-3 gave two doublet doublet triplet signals
at δ 2.53 and 2.40 due to the chiral center at C-4, while
the signals in 4 were combined into one triplet triplet
at δ 2.26, showing the absence of the 4-OH in 4.
Furthermore, the proton integration for the multiplet
at δ 3.83-3.87 in 4 is one proton less than those of 1-3,
but there is one more proton resonance at δ 3.62,
suggesting that the 4-OH group is absent in 4 and that
another OH is present somewhere in the middle of the
aliphatic chain.
As determined with compounds 1-3, the presence of

an adjacent bis-THF ring with two flanking hydroxyls
was obvious from the 1H- and 13C-NMR spectra of 4. A
total of three OH groups were recognized by analyses
of FABMS, IR, 1H-NMR, and 13C-NMR of 4 and its
triacetate derivative (4a). The carbon skeleton of 4 was
determined on the basis of the EIMS spectrum of its

Table 1. 1H-NMR (500 MHz, CDCl3) and 13C-NMR (125.75
MHz, CDCl3) Data for Longimicin A (1) and Its Triacetate
Derivative (1a)

δH (J, Hz)

H/C no. 1 1a
δC
1

1 174.52
2 131.15
3a 2.53 ddt (15.1,

3.2, 1.6)
2.56 ddt (15.1,
3.2, 1.6)

33.52

3b 2.40 ddt (15.1,
8.2, 1.3)

2.52 ddt (15.1,
8.2, 1.3)

4 3.86 m 5.09 m 70.05
5-10 1.20-1.50 m 1.20-1.50 m 22.74-37.74
11 3.39 m 4.86 m 74.09
12 3.83 m 3.98 m 83.23
13a, 18a 1.98 m 1.98 m 22.74-37.74
13b, 18b 1.53-1.70 m 1.58 m 22.74-37.74
14a, 17a 1.98 m 1.92 m 22.74-37.74
14b, 17b 1.53-1.70 m 1.79 m 22.74-37.74
15 3.83 m 3.90 m 81.82
16 3.83 m 3.90 m 81.82
19 3.83 m 3.98 m 83.15
20 3.39 m 4.86 m 74.17
21-33 1.20-1.50 m 1.20-1.50 m 22.74-37.74
34 0.88 t (7.0) 0.88 t (7.0) 14.17
35 7.19 q (1.4) 7.19 q (1.4) 151.82
36 5.06 qq (6.8, 1.5) 5.01 qq (6.8, 1.5) 78.02
37 1.41 d (6.9) 1.41 d (6.9) 19.19
4-OAc 2.04 s
11-OAc 2.08 s
20-OAc 2.08 s

Table 2. 1H-NMR (500 MHz, CDCl3) and 13C-NMR (125.75
MHz, CDCl3) Data for Longimicin B (2) and Its Triacetate
Derivative (2a)

δH (J, Hz)

H/C no. 2 2a
δC
2

1 174.52
2 131.15
3a 2.53 ddt (15.1,

3.2, 1.6)
2.56 ddt (15.1,
3.2, 1.6)

33.45

3b 2.40 ddt (15.1,
8.2, 1.3)

2.52 ddt (15.1,
8.2, 1.3)

4 3.86 m 5.09 m 69.96
5-10 1.20-1.50 m 1.20-1.50 m 22.74-37.74
11 3.39 m 4.86 m 74.00
12 3.83 m 3.98 m 83.14
13a, 18a 1.98 m 1.98 m 22.74-37.74
13b, 18b 1.53-1.70 m 1.58 m 22.74-37.74
14a, 17a 1.98 m 1.92 m 22.74-37.74
14b, 17b 1.53-1.70 m 1.79 m 22.74-37.74
15 3.83 m 3.90 m 81.74
16 3.83 m 3.90 m 81.74
19 3.83 m 3.98 m 83.14
20 3.39 m 4.86 m 74.09
21-31 1.20-1.50 m 1.20-1.50 m 22.74-37.74
32 0.88 t (7.0) 0.88 t (7.0) 14.17
33 7.19 q (1.4) 7.19 q (1.4) 151.73
34 5.06 qq (6.8, 1.5) 5.01 qq (6.8, 1.5) 77.93
35 1.41 d (6.9) 1.41 d (6.9) 19.09
4-OAc 2.04 s
11-OAc 2.08 s
20-OAc 2.08 s

Table 3. 1H-NMR (500 MHz, CDCl3) and 13C-NMR (125.75
MHz, CDCl3) Data for Longimicin C (3) and Its Triacetate
Derivative (3a)

δH (J, Hz)

H/C no. 3 3a
δC
3

1 174.52
2 131.15
3a 2.53 ddt (15.1,

3.2, 1.6)
2.56 ddt (15.1,
3.2, 1.6)

33.37

3b 2.40 ddt (15.1,
8.2, 1.3)

2.52 ddt (15.1,
8.2, 1.3)

4 3.86 m 5.09 m 69.75
5-8 1.20-1.50 m 1.20-1.50 m 22.74-37.74
9 3.39 m 4.86 m 73.82
10 3.83 m 3.98 m 83.16
11a, 16a 1.98 m 1.98 m 22.74-37.74
11b, 16b 1.53-1.70 m 1.58 m 22.74-37.74
12a, 15a 1.98 m 1.92 m 22.74-37.74
12b, 15b 1.53-1.70 m 1.79 m 22.74-37.74
13 3.83 m 3.90 m 81.76
14 3.83 m 3.90 m 81.76
17 3.83 m 3.98 m 83.00
18 3.39 m 4.86 m 74.09
19-31 1.20-1.50 m 1.20-1.50 m 22.74-37.74
32 0.88 t (7.0) 0.88 t (7.0) 14.17
33 7.19 q (1.4) 7.19 q (1.4) 151.82
34 5.06 qq (6.8, 1.5) 5.01 qq (6.8, 1.5) 77.94
35 1.41 d (6.9) 1.41 d (6.9) 19.19
4-OAc 2.04 s
9-OAc 2.08 s
18-OAc 2.08 s
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TMSi derivative (4b) (Figure 5). The adjacent bis-THF
ring moiety was determined to be located at C-13-C-
22, while the third OH group was positioned at C-10.
HREIMS identified the peak at m/z 427.2687 in 4b as
C22H43O4Si2 (calcd. 427.2700), and this important frag-
ment confirmed the location of the THF ring moiety.
The relative configuration across the THF ring system

of 4 was, again, determined as threo/trans/threo/

trans/threo. To determine the relative stereochemistry
at C-10/C-13, the formaldehyde acetal derivative (4c)
was prepared.13 The CIMS and EIMS fragmentations
of 4c confirmed that the formal acetal had formed
between the two OH groups at C-10 and C-13. The
acetal protons in 4cwere presented as a pair of doublets
at δ 5.15 and 4.59 (J ) 7.5 Hz) in the 1H-NMR spectrum,
indicating that the newly formed acetal ring possessed

Figure 3. Diagnostic mass fragmentation mass ions of 2b (molecular mass ) 810 amu) in m/z, with percent intensities in
parentheses. Losses of m/z 90 indicate the loss of TMSiOH neutrals.

Figure 4. Diagnostic mass fragmentation ions of 3b (molecular mass ) 810 amu) inm/z, with percent intensities in parentheses.
Losses of m/z 90 indicate the loss of TMSiOH neutrals.

Table 4. 1H-NMR (500 MHz, CDCl3) and 13C-NMR (125.75 MHz, CDCl3) Data for Longimicin D (4), Its Triacetate Derivative (4a),
and Its Formaldehyde Acetal Derivative (4c)

δH (J in Hz)

H/C no. 4 4a 4c
δC
4

1 173.91
2 134.33
3 2.26 tt (8.0, 1.5) 2.26 tt (8.0, 1.5) 2.26 tt (8.0, 1.5) 22.65-37.57
4-9 1.21-1.62 m 1.21-1.62 m 1.21-1.62 m 22.65-37.57
10 3.62 m 4.80-4.88 m 3.67 m 71.72
11, 12 1.21-1.62 m 1.21-1.62 m 1.53 m, 1.80 m 22.65-37.57
13 3.44 m 4.80-4.88 m 3.69 m 74.21
14 3.86 m 3.99 dt 4.04 dt (8.0, 6.0) 82.85
15a, 20a 1.98 m 1.96 m 1.96 m 22.65-37.57
15b, 20b 1.63 m 1.60 m 1.55-1.70 m 22.65-37.57
17, 18 3.86 m 3.90 m 3.95dt, 3.89 dt 81.69
16a, 19a 1.98 m 1.91 m 1.95 m 22.65-37.57
16b, 19b 1.63 m 1.78 m 1.69 m 22.65-37.57
21 3.86 m 3.99 dt 3.82 dt (8.0, 6.0) 83.15
22 3.39 m 4.80-4.88 m 3.38 m 74.06
23-33 1.21-1.62 m 1.21-1.62 m 1.21-1.62 m 22.65-37.57
34 0.878 t (7.0) 0.878 t (7.0) 0.878 t (7.0) 14.08
35 6.99 q (1.5) 6.99 q (1.5) 6.99 q (1.5) 148.8
36 4.99 qq (6.8, 1.5) 4.99 qq (6.8, 1.5) 4.99 qq (6.8, 1.5) 77.41
37 1.41 d (7.0) 1.41 d (7.0) 1.41 d (7.0) 19.19
10-OAc 2.04 s
13-OAc 2.08 s
22-OAc 2.07 s

Table 5. 1H-NMR (500 MHz, CDCl3) Data for MTPA Derivatives of Compounds 1-3

H no. 5 4 3a 3b
35 (1)
33 (2,3)

36 (1)
34 (2,3)

37 (1)
35 (2,3)

10 (1,2)
8 (3)

11 (1,2)
9 (3)

12 (1,2)
10 (3)

15 (1,2)
13 (3)

16 (1,2)
14 (3)

19 (1,2)
17 (3)

20 (1,2)
18 (3)

21 (1,2)
19 (3)

δS 1.650 5.300 2.588 2.568 6.721 4.866 1.280 1.580 5.008 3.947 3.781 3.781 3.947 5.008 1.580
δR 1.610 5.352 2.669 2.589 6.960 4.918 1.310 1.490 5.018 3.992 3.932 3.932 3.992 5.018 1.490
∆δS-R +0.04 R -0.071 -0.021 -0.239 -0.052 -0.030 +0.09 R -0.045 -0.151 -0.151 -0.045 R -0.09
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the cis- relative configuration, 13 and, thus, either an
S/S or an R/R absolute configuration between C-10 and
C-13 was revealed.
The absolute configuration of C-22 in 4c was deter-

mined as R, again, by using advanced Mosher ester
methodology (Table 6).10 It then followed that those
chiral centers at C-10, C-13, C-14, C-17, C-18, C-21, and
C-22 were all R considering their relative stereochem-
istries. The absolute stereochemistry at C-36 was
determined as S by observing a negative Cotton effect
at 236 nm in the CD experiment, which was also
observed for the model compound squamocin.14,15 Thus,
the structure of compound 4 was elucidated as il-
lustrated and named longimicin D.
Longimicin D (4) is a structural isomer of asimicin,

as well as a structural isomer of asimin.16 Asimicin and
asimin both have the THF ring moiety located at C-15-
C-24, but asimicin has a 4-OH group while asimin has
a 10-OH group. Longimicin D (4), like asimin, has a
10-OH group, but the THF ring moiety is located at
C-13-C-22, shifted by two carbon units toward the
terminal γ-lactone ring compared with asimicin and
asimin.
Until now, 12 asimicin type acetogenins have been

reported. The ring systems are all located at C13-C-
22 for the C35 compounds and at C-15-C-24 for all the
C37 compounds. Longimicin A-D (1-4) are the first
examples among this type of acetogenins in which the
THF ring systems are located at positions other than
these two.
Bioactivities and SAR’s. Biological activities of

1-4, asimicin, asimin, and parviflorin are summarized

in Table 7.17 The four novel compounds (1-4) are all
active in the BST8,9 and in the yellow fever mosquito
larvae assay;18 these are two convenient bench-top
bioassays routinely performed in our lab to discover new
cytotoxic and pesticidal compounds. Compounds 1-4
also showed significant cytotoxicities against all six
human tumor cell lines in our 7-day MTT human solid
tumor cytotoxicity tests. Longimicin D (4) is generally
more bioactive than 1-3, whose cytotoxicities are still
quite comparable to those of adriamycin, the positive
control in the same run. Longimicin D (4) also showed
some selectivity against the pancreatic carcinoma (PaCa-
2)19 cell line, exhibiting 3.5 × 105 times the potency of
adriamycin.
Compared with the bioactivities of the known asimi-

cin type acetogenins, 1-4 generally showed lower
potencies than most of the known compounds. There-
fore, it can be suggested that the position of the adjacent
bis-THF ring system plays an important role in deter-
mining the relative activities of the asimicin type of
acetogenins. To explore futher this speculation, the
published bioactivities of the 12 known asimicin type
compounds were compared. Compounds with the THF
ring systems positioned at C-15-C-24 were generally
much more active than those with the systems at C-13-
C-22. Asimicin, asimin, asiminecin, and asiminocin,
whose ring systems are located at C-15-C-24, are
among the most potent bioactive acetogenins ever
found.16 However, the compounds with the rings at
C-13-C-22 sometimes showed better selectivities against
certain tumor cell lines. Parviflorin,12 for example,
showed notable selectivity against the lung cancer cell
line (A-549)20 with an ED50 value as low as <10-12 µg/
mL, while it was only moderately active against the
human breast carcinoma (MCF-7)21 and human colon
adenocarcinoma (HT-29)22 cell lines. Then we compared
the cytotoxicities of the following structural isomers:
asimicin4,15 with longimicin A (1), asimin15 with longimi-

Figure 5. Diagnostic mass fragmentation ions of 4b (molecular mass ) 838 amu) inm/z, with percent intensities in parentheses.
Losses of m/z 90 indicate the loss of TMSiOH neutrals.

Table 6. 1H-NMR (500 MHz, CDCl3) Data for MTPA
Derivatives of 4c

H no. 23 22 21 20a 20b 18 17 14

δS 1.62 5.02 4.05 1.93 1.51 3.83 3.92 3.95
δR 1.50 5.05 4.05 2.04 1.62 3.93 3.97 3.98
∆δS-R +0.12 R 0 -0.11 -0.11 -0.10 -0.05 -0.03

Table 7. Bioactivity Data for Asimicin, Asimin, Parviflorin, Compounds 1-4, and Adriamycin as the Positive Control Standard

LC50 (µg/mL) cytotoxicities: ED50 (µg/mL) against human tumor cell lines

compound BSTa YFMb A-549c MCF-7d HT-29e A-498f PC-3g PaCa-2h

asimicini 2.6 × 10-2 3.04 8.43 × 10-3 8.52 × 10-1 <10-12 NT NT NT
asimini 4.6 × 10-3 NT 7.99 × 10-9 9.57 × 10-9 <10-12 NT NT NT
parviflorinj 8.8 × 10-2 NT <10-12 1.72 5.49 × 10-1 NT NT NT
1 18.7 141 2.95 × 10-1 8.89 × 10-1 5.25 × 10-1 5.44 × 10-1 7.01 × 10-2 1.73 × 10-2

2 7.34 30.4 1.43 × 10-1 1.54 × 10-2 3.32 × 10-3 6.40 × 10-2 2.20 7.92 × 10-2

3 9.42 75.7 4.55 × 10-1 8.80 × 10-2 1.00 1.27 × 10-1 2.96 1.09
4 4.58 8.29 4.93 × 10-4 2.15 × 10-1 1.16 × 10-2 3.53 × 10-2 2.42 × 10-4 1.69 × 10-7

adriamycin 2.6 × 10-1 NT 2.62 × 10-2 1.94 × 10-1 4.94 × 10-2 6.63 × 10-2 2.87 × 10-1 3.40 × 10-2

a Brine shrimp lethality test.8,9 b Yellow fever mosquito larvae assay.17 c Human lung carcinoma.19 d Human breast carcinoma.20
e Human colon adenocarcinoma.21 f Human kidney carcinoma.20 g Human prostate adenocarcinoma.25 h Human pancreatic carcinoma.18
i Data from Zhao et al.16 j Data from Rantnayake et al.12
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cin D (4), and parviflorin12 with longimicins B (2) and
C (3). The only differences between the isomers within
each group was the position of the ring system. Longimi-
cin A (1), with the ring system beginning at C-11, lost
both potency and selectivity compared with asimicin.
Longimicins B (2) and C (3), with the ring systems
beginning at C-11 and C-9, respectively, showed neither
significant cytotoxicity nor selectivity compared with
parviflorin. Longimicin D (4), with the ring beginning
at C-13, was less active than asimin; however, it showed
selectivity against the pancreatic cancer cell line (PaCa-
2).19

From the observations above, a sequence for the
cytotoxicities of asimicin type acetogenins can be con-
cluded as C-15-C-22 > C-13-C-20 > C-11-C-20 ≈
C-9-C-18. The optimal position for the THF ring
system seems to be at C-15-C-24. When the ring
systems shift to C-13-C-22, the compounds are less
cytotoxic, but they sometimes show noteworthy selectiv-
ity.
From the published data, similar structure-activity

relationships also can be observed with the bullatacin
type Annonaceous acetogenins. Bullatacin10,23 is the
C-24 epimer of asimicin. Bullatacin, with the ring
system at C-15-C-24, is highly potent against several
human tumor cell lines. Squamotacin (C-37)24 and
molvizarin (C-35),25 with the ring systems at C-13-C-
22, are generally less active than bullatacin, but they
both show significant selectivity against the human
prostate tumor cell line (PC-3).26

The annonaceous acetogenins exert their effects, at
least in part, through inhibition of oxygen uptake in
mitochondrial electron transport systems at complex
I.27,28 In the rat liver mitochondrial assay, asimicin gave
IC50 ) 32 nM/mg of protein (rotenone used in the same
run as a positive standard gave IC50 ) 17 nM/mg of
protein).28 The acetogenins can also inhibit the NADH
oxidase that is prevalent in the plasma membranes of
tumor, but not normal, cells;29 the resulting depletion
of intracellular ATP levels induces in vivo antitumor
effects, likely terminated by programmed cell death
(apoptosis),30 and especially suggests potential syner-
gistic effects with other chemotherapeutic agents in the
treatment of ATP dependent multidrug resistance.31

Experimental Section

Instrumentation. Melting points were determined on a
Mettler FP5 hot-stage apparatus and are uncorrected. The
optical rotations were determined on a Perkin-Elmer 241
polarimeter. UV spectra were taken in MeOH on a Beckman
DU-7 spectrophotometer. IR spectra were obtained using
NaCl plates on a Perkin-Elmer 1600 FTIR spectrophotometer.
Low-resolution MS were recorded on a Finnigan 4000 mass
spectrometer. The exact masses were determined on a Kratos
50 mass spectrometer through peak matching. 1H- and 13C-
NMR spectra were recorded on a Varian VXR-500S spectrom-
eter, using the Varian software systems. HPLC was carried
out with Rainin HPLC instruments using the Dynamax
software system and a Si gel column (250 × 21 mm, 8 µm, 60
Å) or a C-18 column (250 × 21 mm, 8 µm, 60 Å) equipped with
a Rainin UV-1 detector set at 220 nm.
Derivatizations. (A) Preparation of Tri-TMSi Deriva-

tives. Approximately 10-50 µg of pure acetogenins was
placed in a 100 µL conical reaction vial and dried in a vacuum
desiccator over P2O5 for 24 h. The sample was treated with 2
µL of pyridine and 20 µL of N,O-bis(trimethylsilyl)acetamide
(BSA) (Pierce Chemical Co.) and heated at 70 °C for 30 min
to yield the respective tri-TMSi derivatives (1b, 2b, 3b, and

4b). The derivatives were directly transfered to a microvial
for the EIMS measurements. The EIMS measurements were
carried out at a resolution of 1500, scanning mass 900-100
at 30 s/decade.
(B) Preparation of Per-S- and Per-R-Mosher Esters.

0.5 mg of purified acetogenin was dissolved in 0.5 mL of CH2-
Cl2, and sequentially, 0.2 mL of pyridine, 0.2 mg of 4-(dimeth-
ylamino)pyridine, and 25 mg of (R)-(-)-R-methoxy-R-(triflo-
romethyl)phenylacetyl chloride (Aldrich) were added. The
mixture was left at room temperature for 4 h and purified over
a microcolumn (0.6 × 6 cm) of Si gel eluted with 2 mL of CH2-
Cl2; the eluate was washed with 1% NaHCO3 (5 mL) and H2O
(5 mL × 2) and dried in vacuo to give the S-Mosher esters.
Use of (S)-(+)-R-methoxy-R-(trifloromethyl)phenylacetyl chlo-
ride (Aldrich) gave the R-Mosher ester derivatives of aceto-
genins.
(C) Preparation of Acetate Derivatives. Pure acetoge-

nin (1-2 mg) was dissolved in 0.5-1.0 mL of pyridine; 1 mL
of anhydrous Ac2O was added, and the mixture was set at room
temperature for 4-8 h. The mixture was then partitioned
between H2O and CH2Cl2, and the organic layer was concen-
trated in vacuo to afford the pure acetate derivatives.
(D) Preparation of Intramolecular Formal Acetal

Derivative 4c. A mixture of DMSO and TMSCl (molar ratio
1.2:1) was mixed in 2 mL of benzene and placed in a
refrigerator without stirring for 2 h to allow the formation of
white crystals. The benzene was decanted, and the crystals
were washed twice with CH2Cl2. A large excess of the crystals
was added to 0.5 mL of a CHCl3 solution containing 16 mg of
4 at room temperature. After the mixture was heated to 65
°C for 1 min, the reaction was quenched with H2O. After
workup by extractions with 5% aqueous NaHCO3, the reaction
mixture was purified by normal phase HPLC to give 7.2 mg
of 4c.
Plant Material and Bioassays. The leaves and twigs of

A. longifolia K. were collected in Georgia in September 1993
under the auspices of one of us (P.R.E.), Curator of the
Herbarium, University of Georgia, where voucher specimens
are maintained. The brine shrimp lethality test (BST) was
performed as modified.8,9 The yellow fever mosquito larvae
assay was modified from the previously described procedure.18
The cytotoxicity tests against A-549 (human lung carcinoma),20
MCF-7 (human breast carcinoma),21 HT-29 (human colon
adenocarcinoma),22 A-498 (human kidney carcinoma),21 PC-3
(human prostate adenocarcinoma),26 and PaCa-2 (human
pancreatic carcinoma)19 cells were performed in the Purdue
Cell Culture Laboratory, Purdue Cancer Center, using stan-
dard protocols in 7-day assays with MTT and adriamycin as a
positive standard control.
Extraction and Isolation. The residue of the 95% EtOH

crude extract of 4 kg of the leaves and twigs was partitioned
between H2O and CH2Cl2 to give an H2O layer and a CH2Cl2
layer. The residue of the CH2Cl2 layer was partitioned
between hexane and 10% H2O in MeOH to give an aqueous
MeOH layer and a hexane layer. The MeOH residue (141 g),
which was the most active fraction in the BST (LC50 17.26 µg/
mL), was repeatedly chromatographed over Si gel columns and
chromatotron separations, directed by BST activity, using
gradients of hexane/CHCl3/MeOH and hexane/acetone, and
finally purified by HPLC [Si gel column (8 µm, 60 Å), 10%
MeOH/THF (9:1) in hexane; C-18 column (8 µm, 60 Å), 80%
acetonitrile in H2O] to give the four new acetogenins (1-4).
Longimicin A (1): colorless wax (10 mg); [R]D +14 (EtOH,

1 mg/mL); UV λmaxMeOH 208 nm; IR νmaxfilm (cm-1) 3400 (OH),
2925, 2855, 1750, 1457, 1318, 1200, 1069, 954, 870; HRFABMS
(glycerol) m/z 623.4880 ([MH+], found) (623.4887 calcd for
C37H66O7); EIMS (tri-TMSi derivative) see Figure 2; HREIMS
(tri-TMSi derivative)m/z 399.2379 (found) (399.2387 calcd for
C20H39O4Si2); 1H-NMR and 13C-NMR, see Table 1.
Longimicin B (2): colorless wax (7 mg); [R]D +13 (EtOH,

1 mg/mL); UV λmaxMeOH 208 nm; IR νmaxfilm (cm-1) 3438, 2925,
2855, 1752, 1457, 1318, 1200, 1069, 954, 870; HRFABMS
(glycerol) m/z 595.4718 ([MH+], found) (595.4754 calcd for
C35H62O7); EIMS (tri-TMSi derivative) see Figure 3; HREIMS
(tri-TMSi derivative)m/z 399.2383 (found) (399.2387 calcd for
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C20H39O4Si2),m/z 271.2454 (found) (271.2457 calcd for C16H35-
OSi); 1H-NMR and 13C-NMR, see Table 2.
Longimicin C (3): colorless wax (10 mg); [R]D +14 (EtOH,

1 mg/mL); UV λmaxMeOH 208 nm; IR νmaxfilm (cm-1) 3436, 2925,
2855, 1752, 1457, 1318, 1200, 1069, 954, 870; HRFABMS
(glycerol) m/z 623.4880 ([MH+], found) (623.4887 calcd for
C37H66O7); EIMS (tri-TMSi derivative) see Figure 4; HREIMS
(tri-TMSi derivative)m/z 371.2074 (found) (371.2078 calcd for
C18H35O4Si2), m/z 511.2911 (found) (511.2900 calcd for C26H47O6-
Si2); 1H-NMR and 13C-NMR, see Table 3.
Longimicin D (4): colorless wax (20 mg); [R]D +14 (EtOH,

1 mg/mL); UV λmaxMeOH 208 nm; IR νmaxfilm (cm-1) 3433, 2925,
2855, 1752, 1457, 1318, 1200, 1069, 954, 870; HRFABMS
(glycerol) m/z 623.4880 ([MH+], found) (623.4887 calcd for
C37H66O7); EIMS (tri-TMSi derivative), see Figure 5; HREIMS
(tri-TMSi derivative)m/z 427.2687 (found) (427.2700 calcd for
C22H43O4Si2); 1H-NMR and 13C-NMR, see Table 4.
Formal Acetal Derivative of Longimicin D (4c): color-

less wax (7.2 mg); CIMS (isobutane)m/z 635 [MH]+, 617 [MH
- H2O]+, 605 [MH - HCOH]+, 587 [MH - HCOH - H2O]+;
EIMS m/z 199, 269, 295, 365, 435. 1H-NMR, see Table 4.
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