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Absolute Stereochemistry of (+)-Gigantecin from Annona coriacea (Annonaceae)
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Summary: The absolute stereochemistry of the cytotoxic
polyketide gigantecin (1) has been established by single-
crystal X-ray studies and analysis of Mosher ester deriva-
tives by 'H and °F NMR.

Bioactivity-directed fractionation of higher plants has
resulted in the discovery of many novel cytotoxic com-
pounds with potential as antineoplastic agents.2 Recent
research on the Annonaceae family has resulted in the
discovery of a series of biologically active polyketides
(known as the Annonaceous acetogenins).34 These com-
pounds fall into three major structural groups: the Cgs or
Csspolyketides58 with a monotetrahydrofuran (THF) ring,
the Cg7 polyketides with adjacent bis-THF rings,” and the
Cs7 polyketides with nonadjacent bis-THF rings.® It is
clear that the determination of the stereochemistry of this
class of compounds will be crucial to the understanding
of their biological activities, antitumor potential, and
mechanism of action.? There have been chemical-shift
based NMR approaches tothe assignment of the relative!?
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and absolute!! stereochemistry of the adjacent bis-THF
system as well as the relative!? stereochemistry of the
mono-THF system. X-ray analysis has been applied to
two polyketide derivatives.? This is the first report of an
X-ray analysis of an underivatized polyketide.

The seed of the Brazilian plant Annona coriacea Mart
was fractionated using cytotoxicity in human tumor.cell
lines as a guide to give gigantecin (1). This paper reports
the elucidation of the absolute stereochemistry of 1, which
is a Cg7 polyketide with nonadjacent bis-THF rings. Its
occurrence in Goniothalamus giganteus and its two-
dimensional structure with partial relative stereochemistry
were first reported by Alkofahi et al.l¥ Compound 1
showed significant cytotoxicity against A-549 (lung car-
cinoma), HT-29 (colon adenocarcinoma), MCF-7 (breast
adenocarcinoma), and U251MG (glioblastoma multiforme)
human tumor cell lines at ED5g levels of 0.4, 0.001,4.3, and
0.003 ug/mlL, respectively.

The 95% ethanol extract of the defatted seed after
partitioning with dichloromethane and water and then
with 90% methanol and hexane, gave rise to an active
methanol fraction. Subsequent chromatography onsilica
with chloroform and methanol resulted in1in 0.1% overall
yield as white crystalline needles, mp 108-9 °C, [a]?5p
+15.5° (¢ 0.22, CHCl3). The IR absorptions at 3460 and
1764 cm~! and the UV (acetonitrile) Apas at 219.5 nm (log
¢ 3.62) confirmed the presence of hydroxyl and «,8-
unsaturated lactone moieties. High-resolution FABMS,
obsd 639.4809, caled for (MH)* 639.4836, established the
molecular formula as Cz7HggOs.

The 2D-COSY and 2D-HETCOR NMR spectra (*H at
500 MHz and 13C at 125 MHz) showed the characteristic
pattern of a C3; polyketide. The lactone moiety showed
signals corresponding to the carbonyl (6 174.59), olefinic
(6 7.19, 131.09, 151.82), and y-methine carbon (5 5.05,
77.94), positions consistent with the proposed structure.
The acetate derivative 2 displayed a total of four acetoxyl
groups (2.02 s, 3H; 2.06 s, 6H; 2.08 s, 3H) and, therefore,
indicated the presence of four hydroxylgroupsinl. Three
of the four methine protons geminal to the hydroxyl groups
were coupled to three of the four ring junction methine
protons. By virtue of the chemical shifts, these signals
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implied a threo relationship between the hydroxyl groups
and the THF rings.

The assignment of the positions of the hydroxyl groups
and the THF rings was based on diagnostic mass spectral
fragment ions. High-resolution EIMS of 1 showed a major
ion at 281.1761 (caled for CigH3504 281.1753) as a result
of the fragmentation at C-13/C-14. Another major ion at
281.2444 (caled for C;gH3309 281.4625) derived from the
splitting along the C16~C17 bond and the loss of one
molecule of water. Furthermore, anion at 351.2166 (calcd
for Co0Hg105351.2171) came from the C-17/C-18 breakage
and the loss of one molecule of water. The fragment ions
at 211.1312, 421.2600, and 199.2047 established the
positions of hydroxyl groups at C-4, C-14, C-17, and C-22
and those of the tetrahydrofuranyl rings at C-10/C-13 and
C-18/C-21. Therelative stereochemistry of the two mono-
THF rings was determined by converting 1 to its tet-
ramesitoate and applying the 1H-NMR method.!215 Ac-
cordingly, the assignment of C-10 through C-14 is threo-
trans and C-17 through C-22 is threo-trans-threo.

The overall relative stereochemistry of 1 was achieved
by single-crystal X-ray diffraction on a sample recrystal-
lized from butanone as clear colorless flat plates, repre-
senting the first example of direct X-ray study of natural
polyketides from Annonaceae. The crystals belonged to
the monoclinic space group P2; with a = 5.0980(10) A, b
= 76.452(4) A, ¢ = 10.115(2) A, and 8 = 103.700(2)° and
contained two independent molecules in the asymmetric
unit (Z = 4). All unique diffraction maxima with 26 < 95°
were collected on a computer-controlled four-circle dif-
fractometer using graphite-monochromated Cu Ka radia-
tion. After corrections for Lorentz, polarization, and
background effects, 1692 (56 % ) were judged observed (|F,|
> 40|F,). Finding a phasing model was difficult, but
repeated attempts with the Rantan methodology finally
yielded a small starting fragment that was extended to
the complete structure using the tangent formula expan-
sion method.1® The model was refined using full-matrix
least-squares techniques with isotropic heavy atoms and
fixed riding hydrogen atoms to a final crystallographic
residual of 10.07%. See the supplementary material for
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Figure 2. Numbered structure of gigantecin (1).

additional details. A computer-generated drawing of 1 is
given in Figure 1.17

The absolute configuration of 1 was determined by 'H-
and 9F-NMR of (R)- and (S)-Mosher ester derivatives of
1.1! The analysis of the carbinol at C(4) was performed
with certainty, since all the signals involved could be
unambiguiously assigned.!® By use of the chemical shift
equations Ady = 85— op and Ady = 65— 8, the signs of the
Ad values of Mosher ester derivatives are as follows: H-5
positive, H-3 negative, H-35 negative, H-36 negative, H-37
negative, and CF;-4 positive. Combining this information
with that of the X-ray, the stereochemistry at all chiral
centers is as follows: 4R, 10R, 138, 148, 17R, 18R, 21R,
22R, and 368S. Therefore, (+)-gigantecin (1) is 3-[7-[5-
[1(S),4(R)-dihydroxy-4-[tetrahydro-5-(1(R)-hydroxytride-
cyD-2(R),5(R)-furanyllbutylltetrahydro-2(R),5(S)-furanyl]-
2(R)-hydroxyheptyl]-5(S)-methyl-2(5H)-furanone (Figure
2).
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