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Abstract: A novel bioactive acetogenin, annohexocin (1). was isolated from the leaves of the sour sop (or guanabana)
tree, Annona muricata (Annonaccae). Compound 1 is a C-35 mono-tetrahydrofuran (THF) acetogenin having six OH
groups, and its structure has been elucidated by spectroscopic analyses. Compound 1 is the first Annonaceous acetogenin
to be reported in which six OH groups include a 1,3.5 triol. Compound 1 was isolated by following brine shrimp
lethality, and it showed significant inhibitory effects among six human tumor cell lines

Annona muricata L., known as sour sop (or guanabana), is a popular fruit tree cultivated throughout the
tropical regions of the world " Previous reports, studying the seeds, leaves, and twigs, have described several
mono-tetrahydrofuran (THF) Annonaceous acetogenins *  Further separation of the FOO5 fraction of the
ethanolic extract of the leaves, directed by brine shrimp lethality (BST) for bioactive components,3 led to a new
C-35 mono-THF acetogenin, annohexocin (1). Compound 1 has six hydroxyls, three of which are in an unusual
1,3,5-triol arrangement from C-8 to C-12,* two are flanking the THF ring from C-15 to C-20, and one is at C-
4. The planar structure of 1 was determined by MS, 'H and C NMR, HMQC, COSY, and carefully designed
single-relayed COSY experiments
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1, R=H la, R=Ac 1b, R= TMSi

Annohexocin (1, white powder, [a]uD +18.5, ¢ 0.33 in CHCl;) was separated from the more polar open
column chromatographic fractions by repeated reversed-phase and normal-phase HPLC. The molecular weight
of 1 was determined by a peak at m/z 629 (MH') in the FABMS. The HRFABMS gave m/z 629.6417 (calcd.
629.6428) corresponding to the molecular formula, C3;sHesO9. The 'H NMR and ’C NMR spectra of 1
showed respective signals at & 3 45, 74.6, 3 88, 862, 1.62, 204, 28 S, 1.86, 1.90, 25.2, 3.86, 82.8 and 3.81,
71.5 which suggested that 1 was a typical mono-THF acetogenin bearing two flanking OH groups and having

the threo trans erythro configuration across these hydroxyls and the THF ring. The presence of an o,B-
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unsaturated y-lactone ring with a 4-OH was suggested by the UV spectrum (A max 208 nm, log € 3.24) and the
corresponding proton and carbon resonances in the 'H NMR and "*C NMR spectra (Table 1).* The formation
of a hexaacetate derivative, 1a, (Table 1) demonstrated the presence of the six OH groups. These groups were
also confirmed by inspecting the BC NMR spectrum, in which six oxygenated carbon signals, at 6 69.7, 71.5,
723, 723, 73.7, and 74.6, corresponding to the protons at & 3.89, 381, 389 395 413, and 345,
respectively, in an HMQC experiment were observed.

The evidence for the presence of the 1,3,5-trio] relationship for three of the OH groups in 1 was provided
by COSY and single-relayed COSY experiments. In the COSY spectrum of 1, cross peaks were found from 8
3.89to 1 52 then to 4 13, then to 1.54, and then to 3.95 In the single-relayed COSY (Figure 1),’ cross peaks
were observed between 8 3.89 and 4.13, and & 3 95 and 4.13. The C NMR spectrum also showed this
relationship, in which two carbon resonances of methylene groups between a 1,3-diol were found at 8 43.4 and
435.% The placements of the 1,3,5-triol unit and the THF ring along the hydrocarbon chain were concluded
from mass fragmentations of the TMSi derivative, 1b; the fragment ion at m-z 357 showed cleavage between
C-8 and C-9, and those at m.z 471 and 589 showed cleavage between C-12 and C-13, indicating that the 1,3,5-
triol is located at C-8, 10, and 12 These placements were further confirmed by HREIMS, in which the exact
masses were determined for the fragments at m z 357.1898 (calc. 357.1917) corresponding to the formula
C,7H3304S1,, the fragment at m z 471 3699 (calc 471.3690) corresponding to the formula C,¢HssO3Si;, and
the fragment at m.z 499 2746 (calc. 499.2731) corresponding to the formula C,4H4,0;5Si; (from the fragment at
m’z 589, Cy;Hs706S1; with a loss of C3H;,0S1). The THF ring was placed at C-16 after observing the
fragments at m z 719 and 341, and m'z 789 and 271 (Figure 2)

Table 1. °C NMR (125 MHz) and 'H NMR (500 MHz) Data of 1 and la.

No. 1 1a No. 1 1a
éc OH (Jin Hz) SH (Jin Hz) ¢ O (Jin Hz) O (Jin Hz)
1 1748 - - 16 86.2 3.88m 3.96m
2 1309 - - 17 28.5 1.62m, 2.04 m 1.56 m, 1.94 m
3 334 242m, 253m 251m, 254m 18 25.2 186m, 1.90 m 174m,1.94m
4 69.7 389m 510m 19 82.8 3.86m 3.96m
5 371 145m R 20 715 381m 491m
6 213 154m - 21 325 1.37m 150m
7 369 143m 150m 22 25.9 132m *
8 7232 395m° 486m 2329 | 29.4-297 1.26-1.33br 1.20-1.35 br
9 | 435° 1s5amd 1,75m, 184 m 30 319 1316br 1.31br
10 737  4.134dt{2.0,9.0) 480m 31 227 1.26 m 126 m
11 | 434% 152m¢ 1,75m, 1.84m 32 14.1 0.88t(7.0) 0.881(7.0)
12 7232 389m° 491m 35 19.1 1.40 d (6.5) 1.40 d (6.5)
13 342  160m 1.52m 34 78.1 5.06 dq (1.5, 6.5) 5.01dq (1.5, 6.5)
14 286 158m 154m 33 1523 7.20q(1.0) 7.08 9(1.0)
15 746  3.45dt(3.0,7.0) 4.86 m

ad Assignments may be interchangeable. * Those signals were overlapped in the range of 51.25-1.70. AcO (1a): § 2.02,
2.04.2.04.2.05 2.05.2.08
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Relative stereochemistries across the THF ring and flanking hydroxyls were assigned either as threo/trans/
erythro or erythro/trans/threo based on "H and ">C NMR data which were consistent with model compounds.6
Whether the threo configuration was on the right side or the left side of the THF ring remained in question.
Acetogenins with mono-THF rings show the characteristic chemical shift value for the hydroxymethine proton
adjacent to the THF ring with the threo relationship at ca. & 3. 40 (threo/trans/threo, § 3.41, threo/trans/
erythro, & 340, threo/trans, & 3.37 from model compounds).*® This is true for the bis-adjacent THF
acetogenins in which the corresponding protons appear at & 3.36-3 41 * When there is another proton nearby,
particularly, with the two hydroxylated methines located two carbons apart, the above protons will shift
downfield. Examples are found in the structures of goniothalamicin (& 3.43),7a cis-goniothalamicin (& 3.46),“’
bullatanocin (5 3.43) and cis-bullatanocin (5 3.44),” 12-hydroxybullatacinones (6 3.45),” and squamocin F (8
3.44) Compound 1 shows a hydroxymethine proton signal at & 3 .45, indicating that this proton is at C-15,

and, thus, the relative stereochemistries across the THF ring and flanking hydroxyls are threo/trans/erythro.
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Figure ]| COSY and single-relayed COSY experiments of 1 (the dotted arrows showing the
COSY correlations, the solid arrows showing single-relayed COSY correlations).

Compound 1 showed bioactivities in the BST® (LCs, 34.4 ug/mi) and significant cytotoxicities among six
human solid tumor cell lines with selectivity for the prostate cell line [A-549 (lung carcinoma) EDs, (pg/mt)
0.34,8“ MCF-7 (breast carcinoma) 2.26,%® HT-29 (colon adenocarcinoma) 0478,8C A-498 (kidney carcinoma)

2.36," PC-3 (prostate adenocarcinoma) 0.0195* PACA-2 (pancreatic carcinoma) 0.77].% Adriamycin as a
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positive control in the same run gave respective EDs, values (ng/ml) of 0.0346, 0.43, 0.0896, 0.0335, 0.33,
and 0.0310. The acetogenins act as inhibitors of complex I in mitochondrial electron transport systems and as

inhibitors of the plasma membrane NADH oxidase of tumor cells.®
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Figure 2. Mass fragmentations of 1b, the peak intensities are in parentheses
(The peaks with asterisks are beyond the limit of observation).
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