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Two New Mono-Tetrahydrofuran Ring Acetogenins, Annomuricin E and
Muricapentocin, from the Leaves of Annona muricata
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Bioactivity-directed fractionation of the leaf extract of Annona muricata L. (Annonaceae) has
resulted in the isolation of two new Annonaceous acetogenins, annomuricine (1) and murica-
pentocin (2). Compounds 1 and 2 are monotetrahydrofuran ring acetogenins bearing two
flanking hydroxyl groups; however, each has three additional hydroxyl groups. Compound 1
has an erythro 1,2-diol, and 2 has a 1,5,9-triol moiety. Both 1 and 2 showed significant
cytotoxicities against six types of human tumors, with selectivities to the pancreatic carcinoma
(PACA-2) and colon adenocarcinoma (HT-29) cell lines.

The Annonaceous acetogenins are a relatively new
class of natural products; they constitute a series of
C-35/C-37 fatty acid derivatives and are only found in
the Annonaceae. More than 250 annonaceous aceto-
genins have been isolated from some 30 species inves-
tigated so far, and most of them exhibit a broad range
of potent biological activities, such as in vivo antitumor,
cytotoxic, pesticidal, antibacterial, antiparasitic, and
immunosuppressive effects.1=> Their potent bioactivi-
ties have been demonstrated to be due to their depletion
of ATP production through inhibition of NADH:
ubiquinone oxidoreductase (complex I) in the mitochon-
drial electron transport system (ETS)%7 and the ubiqui-
none-linked NADH oxidase in the plasma membranes
of tumor cells.® They are selectively inhibitory to tumor
cells,> especially those that are multidrug resistant due
to an ATP-dependent efflux.*

Annona muricata L. (Annonaceae) is grown com-
mercially as a fruit crop and is called “guanabana” or
“sour sop” throughout the tropical regions of the world.
It has previously yielded a number of monotetrahydro-
furan (mono-THF) acetogenins from the bark, seeds, and
leaves.?21 Our previous studies on the leaves led to
17 new cytotoxic acetogenins.19-16 Their chromato-
graphic separations (Si gel) are dependent on their
degree of hydroxylation. Three of these (annohexocin
and murihexocins A and B) are hexahydroxylated mono-
THF ring acetogenins,*15 and nine (annomuricins A,
B, and C,1%12 muricatocins A, B, and C,**12 and anno-
pentocins A, B, and C16) are pentahydroxylated mono-
THF acetogenins. Annomutacin and cis- and trans-
annomuricin-p-ones are tetrahydroxylated mono-THF
acetogenins,1316 and cis- and trans-10-R-annonacin-A-
ones are trihydroxylated mono-THF compounds.t3
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Figure 1. Structure of annomuricin E (1) (R;=R.=H) and its
acetonide derivative (1a) [R1—R2=C(CHz3),]

In this paper, the isolation and structure elucidation
of two new cytotoxic acetogenins, annomuricin E (1) and
muricapentocin (2), having five hydroxyl groups, are
reported. Both are mono-THF acetogenins bearing two
flanking OH groups. In comparison with annomuricin
C,12 annomuricin E (1) has a different relative stereo-
chemistry at the 1,2-vicinal diol, that is, it is erythro at
C-10/C-11. Muricapentocin has three additional OH
groups, in a 1,5,9 sequence at C-4, C-8, and C-12, on
the lactone side of the THF ring.

Results and Discussion

Annomuricin E (1) was obtained as a white solid. The
HRFABMS gave a [M + Li]* ion at m/z 619.4734 (calcd
619.4761) consistent with a molecular formula of
CssHg4Og. In the NMR spectrum, the 13C signals at o
174.8 (C-1), 152.0 (C-33), 131.1 (C-2), 78.1 (C-34), and
19.0 (C-35); 1H signals at 6 7.20 (H-33), 5.06 (H-34), and
1.44 (H-35); and UV absorption [MeOH Amax (€) 218 nm
(log € 3.76)], all indicated that 1 has the usual meth-
ylated a,(-unsaturated y-lactone fragment (Figure 1).
The 13C signal at 6 69.8, as well as the 'H signal at ¢
3.84, indicated the existence of an OH group at C-4, and
this was further confirmed by the fragment ion at m/z
141 in the EIMS (Figure 2).

The 13C NMR spectral signals at 6 82.6 and 82.8,
corresponding to two IH NMR signals at 6 3.79 in 1,
indicated the presence of the mono-THF ring with two
flanking OH groups. Additional *3C signals at ¢ 69.8,
74.5, 73.9, 74.3, and 74.2, corresponding to five 'H
signals between 6 3.43 and 3.84, suggested that 1
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Figure 2. Diagnostic EIMS fragment ions (m/z) of annomu-

ricin E (1); rel int in parentheses; ions not observed are in
italics; losses of H,O indicated by (—18 amu)..

Table 1. 3C NMR (125 MHz, CDCI3) and 'H NMR (500 MHz,
CDCls3) Spectral Data for 1 and 1a

1 la
carbon oC O0'H (J in Hz) O0H (J in Hz)
1 174.8
2 131.1
3a,3b 33.3 240m,251m 240m,2.53m
4 69.8 3.84m 3.84m
5 37.1 1.40—1.48 m 1.40—1.48 m
6—8 25.3—31.1 1.25-1.64m 1.25-1.64 m
9 25.3—31.1 1.40-1.48m 1.40—1.48 m
10 74.22 3.60m 4.02 ma
11 74.32 3.60m 4.03 m2
12 25.3—-31.1 1.40-1.64m 1.40—-1.64 m
13 21.8 1.25-1.64m 1.25-1.64m
14 25.3—31.1 1.36—1.48m 1.36—1.48 m
15 74.52 3.45m2 3.43 mbP
16 82.8b 3.79m 3.81m
17 28.8 1.64m,198m 1.64m,1.98m
18 28.8 164m,198m 1.64m,1.98m
19 82.6° 3.79m 3.79m
20 73.92 3.43 m2 3.41mb
21 33.3 1.36—1.48 m 1.36—1.48 m
22-29 25.3—31.1 1.25-1.64m 1.25-1.64m
30 31.9 1.25-1.64m 1.25-1.64m
31 22.7 1.25-1.64m 1.25-1.64m
32 141 0.88t(7.0) 0.881t(7.0)
33 152.0 7.20s 7.20s
34 78.1 5.06 dq (1.0, 6.5) 5.06 dq (1.0, 6.5)
35 19.0 1.44d (6.5) 1.44d (6.5)
acetonyl 1.43 s (3H), 1.33 s (3H)
methyl

ab Assignments are interchangeable within the same column.

possessed five OH groups along with the mono-THF
ring. The presence of five OH groups was further
confirmed by five successive losses of H,O (18 u) from
the [MH™] in the CIMS (m/z 613 — 595 — 577 — 559 —
541 — 523).

The placement of the mono-THF ring was established
to be at C-16/C-19 by the EIMS fragment ions at m/z
325, 269, 377, and 199 (Figure 2). The relative stereo-
chemistry associated with the mono-THF ring from C-15
to C-20 in 1 was concluded to be threo/trans/threo. 13C
signals were observed at 6 28.8 (C-17, C-18), corre-
sponding to 1H signals at 6 1.98 and 1.64 (H-17a, H-17b,
H-18a, H-18b) (Table 1), and the correlation cross-peak
appeared between ¢ 3.79 (H-16, H-19) and 3.43 or 3.45
(H-15, H-20), corresponding to 3C spectral signals at &
82.8, 82.6, 73.9, and 74.5, in the H—'H COSY. This
moiety matched well with the annonacin type (threo/
trans/threo) of acetogenins?1-28 and the model suggested
by Fujimoto et al.?®

The 13C NMR signals at 6 74.3 and 74.2, as well as
the 1H signal at 6 3.60 (2H) in 1, directly showed the
presence of a 1,2-vicinal diol, bearing an erythro con-
figuration, based on comparisons with other known and
model compounds.10-12.16:20.26.30.31 The relative config-
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uration was further confirmed by the chemical shift of
the acetonide derivative (1a) of 1 (Table 1).2011 The
acetonyl methyl 'H signals in la appeared as two
separated three-proton singlets at ¢ 1.33 and 1.43,
respectively, and demonstrated the presence of the 1,2-
diol as erythro. If the configuration of the 1,2-vicinal
diol were threo, two acetonyl methyl 1H signals would
have been observed together as a six-proton singlet at
ca. 6 1.37.12

The placement of the 1,2-vicinal diol along the hy-
drocarbon chain in 1 was determined by careful analy-
ses of the fragment ions in the EIMS. The diagnostic
fragment ions at m/z 241, 353, and 271 placed the diol
at C-10/C-11. Particularly, the prominently high in-
tensity in the EIMS of the fragment ion at m/z 241, due
to cleavage between the carbon linkage of the diol, is a
common characteristic.1%12 Compared to normal 13C
chemical shifts at ca. 6 29.0 for methylene groups, a 13C
signal was observed shifted upfield to 6 21.8 (C-13); this
was attributed to a double g-effect resulting from the
two oxygenated carbons at C-15 and C-11.141624 Thus,
the presence of the 1,2- diol at C-10/C-11 gave a double
p-effect to the carbon at C-13, and the placement of OH
groups in 1 was confidently determined to be at C-4,
C-10, C-11, C-15, and C-20.

Compound 1 differs from the previously known and
similar compound, annomuricin C, only in the stereo-
chemistry of the 1,2-diol. While annomuricin C has a
1,2-vicinal diol at C-10/C-11 with a threo configuration,'?
1 has the erythro configuration at the same position.
cis- and trans-Annomuricin-D-ones, previously reported
from the leaves of A. muricata, have the same relative
configurations threo/trans/threo around the mono-THF
ring and an erythro vicinal diol at C-10/C-11, but these
acetogenins have four OH groups.® Thus, 1 was named
annomuricin E and is a new compound in this series.

Muricapentocin (2) was also obtained as a white solid.
The molecular formula of 2 was suggested to be C3sHgsOg
from a peak at m/z 613 [MH™] in the CIMS, and this
was confirmed by a peak at m/z 619.4754 (calcd 619.4761)
for the [M + Li]* in the HRFABMS. NMR spectral
signals indicated that 2 has a typical methylated o,3-
unsaturated y-lactone fragment with a 4-OH (Table 2).
In the 13C NMR spectrum of 2, five 13C signals appeared
between 6 69.3 and 74.3, which suggested the presence
of five OH groups (Figure 3). Five successive losses of
H,O (18 u) from the [MH'] in the CIMS clearly
confirmed the existence of the five hydroxyls. Two of
the five OH groups were indicated to be flanking a
mono-THF ring by comparison of the NMR spectral data
with those of other known and model compounds.22-25
The 13C signals at 6 28.8 and 28.9 (C-17, C-18), corre-
sponding to the 'H signals at ¢ 1.98 and 1.62, and the
correlation between 6 3.79 (2H) and 3.45 and 3.40 (H-
15 < H-16, H-19 < H-20), corresponding to the 13C
signals 6 82.8, 82.3, 74.3, and 74.2 in the 1H—1H COSY,
further confirmed the presence of the mono-THF ring,
with two flanking OH groups, as threo/trans/threo.

When four of the OH groups of 2 were confirmed to
be placed on the lactone side of the mono-THF ring (see
Figure 4), the placement of the ring was clearly indi-
cated to be at C-16/C-19 by the fragment ions in the
EIMS at m/z 343, 269, 377, and 199 (Figure 4). Par-
ticularly, the series of fragment ions from m/z 343 to
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Table 2. 13C NMR (125 MHz, CDCl3) and *H NMR (500 MHz,
CDCl3) Spectral Data for 2

2
carbon oC OH (J in Hz)
1 174.7
2 131.0
3a,3b 33.3 248 m,2.40 m
4 69.3 3.85m
5 37.12 1.52m
6 21.6° 1.25-1.68 m
7 37.32 1.40—-1.52m
8 713 3.61 m2
9 36.92 1.40—-1.52 m
10 21.6° 1.25-1.68 m
11 36.72 1.40—1.52 m
12 71.3 3.66 m2
13 29.3—29.7 1.40—-1.52 m
14 29.3—29.7 1.37-1.40m
15 74.3¢ 3.45 mbP
16 82.8d 3.79m
17 28.8¢ 1.98 m,1.62 m
18 28.9¢ 1.98m,1.62m
19 82.3d 3.79m
20 74.2¢ 3.40 mbP
21 33.3 1.37-1.40m
22 255 1.25-1.68 m
23—-29 29.3—29.7 1.25-1.68 m
30 31.9 1.25-1.68 m
31 22.7° 1.25-1.68 m
32 14.1 0.88 t (7.5)
33 152.0 72s
34 78.0 5.06 dq (1.5, 7.0)
35 19.1 1.43d (7.0)

a~¢ Assignments are interchangeable within the same column.

trans

Figure 3. The structure of muricapentocin (2).
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Figure 4. Diagnostic EIMS fragments ions (m/z) of murica-
pentocin (2); rel int in parentheses; ions not observed are in
italics; losses of H,O indicated by (—18 amu).

m/z 271, by their successive losses of H,O (18 u),
exhibited very strong peaks compared with other frag-
ment ions from 2. The high intensity of the peak,
produced by cleavage at C-15/C-16, provided additional
evidence for the placement of the mono-THF ring, with
flanking OH groups, from C-16 to C-19. Relatively high
intensities of fragment ions from m/z 343 to 271 were
also observed in the EIMS of 1 due to this placement of
the mono-THF ring.

Two hydroxylated 2C signals in 2 appeared at ca. ¢
71.3 (6 71.30, 71.32), corresponding to the 'H signals
at ¢ 3.61 and 3.66, which suggested the two hydroxyl-
ated carbons were located at least two methylene groups
away from other hydroxylated carbons.17:22:23.27,32,:33
Two methylene 13C signals were observed upfield at
ca. 0 21.6 (0 21.60, 21.61), experiencing a double
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B-effect,1416.24 which suggested that three hydroxylated
carbons were successively located three methylene units
away, inasmuch as four hydroxylated carbons were
already assigned on the lactone side by the analyses of
the fragment ions in the EIMS of 2 (Figure 4). From
the relative placement of three such OH groups, the
presence of two possible triols was assumed: a 1,5,9-
triol moiety at C-4/C-8/C-12 or a 1,4,8-triol moiety at
C-4/C-7/C-11. Both of these triol moieties would show
two up-field shifted methylene carbon signals by two
double g-effects from C-4 to C-15. Two hydroxylated
carbons were clearly indicated be at C-8 and C-12 by
the fragment ions at m/z 213 and 267 in the EIMS
(Figure 4) due to the cleavages between C-8/C-9 and
C-12/C-13, respectively; this observation proved the
placement of the 1,5,9-triol moiety from C-4 to C-12 and
solved the planar structure of 2 (Figure 3). This new
pentahydroxylated mono-THF ring acetogenin was
named muricapentocin.

The bioactivities of 1 and 2 are summarized in Table
3. Both 1 and 2 showed significant bioactivities in the
brine shrimp lethality test (BST) and among six human
solid tumor cell lines; 1 and 2 were particularly selective
in their cytotoxicities to the pancreatic carcinoma
(PACA-2) and the colon adenocarcinoma (HT-29) cell
lines, with EDsg values of 2.42 x 1072 ug/mL and 5.03
x 1072 ug/mL against PACA-2 and 6.68 x 1072 ug/mL
and 7.10 x 1072 ug/mL against HT-29, respectively.
Usually these pentahydroxylated mono-THF ring
acetogeninsi®-12 are less cytotoxic than their tetrahy-
droxylated mono-THF ring counterparts.%16.17

Experimental Section

General Experimental Procedures. HPLC was
carried out with Rainin HPLC pumps, a Rainin model
UV-1 detector using the Dynamax software system and
a C-18 column (250 x 21 mm, 8 um, 60 A), UV detection
at 220 nm. Optical rotations were determined by using
a Perkin-Elmer 241 polarimeter. IR spectra were
obtained on a Perkin-Elmer 1600 FT-IR spectropho-
tometer. UV spectra were made on a Beckman DU 640
spectrophotometer in MeOH. 'H NMR, 1H—1H COSY,
and 13C NMR spectra were obtained on a Varian VXR-
500S spectrometer. LREIMS and CIMS were taken on
a Finnigan 4000 spectrometer. HRFABMS were per-
formed on a Micro Mass AutoSpec spectrometer.

Bioassays. The BST (Artemia salina Leach) was
routinely employed for evaluating the crude extracts,
fractions, and isolated compounds from the leaves of A.
muricata.3435 Cytotoxicities to human solid-tumor cell
lines were evaluated at the Purdue Cancer Center, Cell
Culture Laboratory, using the standard seven-day MTT
assays for A-549 (human lung carcinoma),’® MCF-7
(human breast carcinoma),3” HT-29 (human colon ad-
enocarcinoma),®® A-498 (human kidney carcinoma),36
PC-3 (human prostate adenocarcinoma),3® and PACA-2
(human pancreatic carcinoma).*® Adriamycin was used
as a positive antitumor control.

Plant Material. The leaves (2.0 kg) of Annona
muricata L. were obtained from fruit-producing trees
growing in the experimental orchard of Bandung Insti-
tute of Technology, Bandung, Indonesia, and were dried
and pulverized through an 8-mm sieve in an electric
mill.
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Table 3. Bioactivities of 1 and 2 from Annona muricata (EDsg: x#g/mL)

compounds BST? A-549P MCF-7¢ HT-29d A-498¢ pPC-3f PACA-29

1 1.84 x 10 1.12 x 1071 1.45 6.68 x 1072 141 1.46 x 1071 2.42 x 1072
2 1.86 1.93 x 1071 1.90 7.10 x 1072 1.72 4.50 x 1071 5.03 x 1072
adriamycinh 2.94 x 1073 1.24 x 107 3.81 x 1072 1.58 x 1072 3.55 x 1072 4.56 x 1078

aThe brine shrimp (Artemia salina Leach) test (LDsp: #g/mL). ® Human lung carcinoma. ¢ Human breast carcinoma. ¢ Human colon
adenocarcinoma. ¢ Human kidney carcinoma. f Human prostate adenocarcinoma. ¢ Human pancreatic carcinoma. " Positive antitumor

control.

Extraction and Isolation. The leaves (2.0 kg) were
percolated by 95% EtOH to give 386 g of an extract
(FO01, BST LCsp 30.5 ppm). The EtOH extract was
partitioned between CH,CI, and H,O (1:1). The H,O-
soluble fraction (FO02) was freeze-dried to yield a sticky
yellow mass (260 g), while the CH,Cl,-soluble fraction
was concentrated by rotary evaporation to yield a
residue of 126 g (FO03, BST LCs 19.6 ppm). F003 was
then partitioned between 90% aqueous MeOH and
hexane (1:1). The two phases were dried by rotary
evaporation to yield the hexane-soluble fraction (FO06,
BST LCsp >100 ppm) (11 g) and an aqueous MeOH-
soluble fraction (FO05, BST LCsp 1.6 ppm) (115 g).

Open column chromatography of FO05 (55 g) was
performed on 250 g of Amberlite XAD-2 resin eluted by
hexane, hexane—Me,CO (1:1), and then Me,CO. Flash
column chromatography of the hexane—Me,CO (1:1)
residue (10.2 g, BST LCsp 0.98 ppm) from the Amberlite
column, with 0—25% MeOH in CHClI,, eluted over
Baker 40-um Si gel, separated mixtures of active
compounds from inert materials as determined by the
BST. Active fractions were pooled by activity and
subjected to repeated chromatography, by open columns
over Si gel using gradient solvent systems of CHCIl3—
MeOH or CH,Cl,—MeOH. From these active impure
fractions, 1 and 2 (annomuricin E, muricapentocin) were
isolated by repeated reversed-phase HPLC using gradi-
ent solvent systems of 60—90% MeCN in H,O for 90 min
(flow rate: 10 mL/min).

Preparation of Acetonide Derivative (1a). Com-
pound 1, 0.5 mg, was dissolved in 0.4 mL of reagent
(0.04 mL 37% HCI and 20 mL Me,CO). The mixture
was set at room temperature for 3 days and checked
with TLC to make sure that the reaction was completed.
The mixture was then dried in vacuo to yield the pure
derivative, 1a; 'H NMR data (500 MHz, CDCIs), see
Table 1.

Annomuricin E (1): white solid, 4.6 mg, [o]p +12.5°
(c 0.04, MeOH), UV (MeOH) A max (€) 218 nm (loge 3.76);
IR v max 3381, 2920, 2851, 1744, 1466 cm™%; 1H NMR
(500 MHz, CDCl3) and 3C NMR (125 MHz, CDCls) data,
see Table 1, CIMS data m/z 613 (100), 595 (61), 577 (44),
559 (50), 541 (22), 523 (12); HRFABMS m/z 619.4734
(calcd 619.4761 for C3sHesOg”Li™); EIMS m/z 377 (8), 359
(15), 353 (11), 341 (8), 335 (15), 325 (79), 317 (2), 307
(64), 289 (59), 271 (13), 269 (10), 253 (7), 251 (2), 241
(73), 223 (6), 205 (6), 199 (11), 141 (14), 123 (22).

Muricapentocin (2): white solid, 5.7 mg, [a]p +8.01°
(c0.05, MeOH), UV (MeOH) Amax (€) 220 nm (log € 3.54);
IR vmax 3398, 2920, 2851, 1743, 1458 cm™1; 'H NMR (500
MHz, CDCls), 13C NMR (125 MHz, CDClg), data, see
Table 2; CIMS data m/z 613 (100), 595 (41), 577 (23),
559 (13), 541 (2), 523 (1); HRFABMS m/z 619.4754 (calcd
619.4761 for CasHesOg’Li™); EIMS m/z 377 (6), 359 (14),
343 (3), 341 (30), 325 (100), 307 (51), 289 (9), 271 (6),

269 (5), 267 (28), 231 (2), 213 (6), 199 (1), 195 (4), 177
(3), 141(7), 123 (7).
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