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The absolute configurations of onchidione (1), previously re-
ported from the marine pulmonate Onchidium sp., and the
related alcohols onchidiol (2) and 4-epi-onchidiol (3), first de-
scribed as methanolysis products of 1, were assigned by X-

Introduction

Polypropionates represent a group of bioactive second-
ary metabolites of both marine and terrestrial organisms16
that show prominent pharmacological activities such as
cytotoxic, antiviral, antiproliferative, and antifungal prop-
erties.[1,2] These natural products belong to the polyketide
group, and their biosynthesis involves the condensation of
propionate units through a polyketide synthase (PKS) enzy-21
matic pathway.[2] Marine polypropionates have been mostly
reported from gastropod molluscs and, in particular, from
species belonging to the orders Sacoglossa and Cephalaspi-
dea of the subclass Opisthobranchia as well as to the fami-
lies Syphonariidae and Onchidiidae of the subclass Pul-26
monata.[3] Among these metabolites, there are large flexible
molecules, the stereochemical assignment of which is an
enormously challenging task.[2] The presence of several con-
tiguous stereogenic centers in these molecules has often
generated incorrect assignments but it has also constituted31
an intriguing target for synthetic studies, sometimes leading
to the determination of the absolute configuration.[4] More
recently, statistical[5] and computational[6] approaches have
been showed to be effective alternative methods for the as-
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ray diffraction analysis and solid-state time-dependent den- 11
sity functional theory electronic circular dichroism. Alcohol 3
was incorrectly reported as the C-16 epimer of 2.

signment of the relative stereochemistry in acyclic polypro- 36
pionates. However, the definition of the absolute configura-
tion remains an outstanding aspect for most of these mole-
cules.

Recently, we reported the isolation of bis-γ-pyrone poly-
propionate, onchidione (1), from both the mucus and the 41
mantle of the pulmonate Onchidium sp. collected in the in-
tertidal zone along the coast of Hainan in the South China
Sea.[7] The relative stereochemistry of 1 exhibiting eight
stereogenic centers was fully elucidated by X-ray analysis,
whereas the absolute configuration remained unassigned. In 46
fact, we tried to apply the Mosher method to the expected
alcohol derivative obtained by methanolysis of 1, but this
compound was unstable under the reaction conditions and
underwent an interconversion, giving a mixture of two mo-
lecules that were suggested to be epimers at C-16,[7] accord- 51
ing to the racemization mechanism already described for
denticulatins.[8]

Later, we chemically investigated a different population
of Onchidium sp. subsequently collected in the same place.
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This study led us again to isolate onchidione (1) from the56
external part of the mollusc as a main metabolite, along
with minor related alcohols onchidiol (2) and its C-4 epimer
3. The two alcohols were found to be the same derivatives
as those previously obtained by methanolysis of 1.[7] In this
communication, we describe the determination of the abso-61
lute configuration of onchidione (1), onchidiol (2), and 4-
epi-onchidiol (3) by solid-state time-dependent density
functional theory electronic circular dichroism (TDDFT
ECD) for 1 and 2, and by X-ray diffraction analysis with
the final refinement on the Cu-Kα data for 3.66

Results and Discussion

Polypropionates 1–3 were isolated as described in the Ex-
perimental Section. The identity of the main metabolite, on-
chidione (1), was easily confirmed by spectroscopic data in-
cluding the ECD spectra recorded in MeOH.[9] With the71
aim to assign the absolute configuration of 1, we decided
to use the solid-state TDDFT ECD approach. This method
is especially useful in determining the absolute geometry of
conformationally flexible natural[10,11] and synthetic com-
pounds,[12,13] as the conformational analysis step of the76
ECD calculation could be skipped. The ECD spectra of 1
were recorded in MeOH and as a KCl disk showing almost
identical curves (Figure 1) that proved that the solid-state
conformers are also prevalent in solution. The TDDFT
ECD spectrum calculated at the PBE0/TZVP level for the81
optimized X-ray structure[7] of the enantiomer
(4R,10R,11R,12R,13S,14S,15S,16S)-1 (Figure 1) well repro-
duced the main experimental bands. Thus, the absolute con-
figuration of onchidione was determined as that depicted
in formula 1.86

Figure 1. Experimental solid-state ECD spectrum of onchidione (1)
recorded as KCl disk, TDDFT calculated ECD spectra (PBE0/
TZVP) for (4R,10R,11R,12R,13S,14S,15S,16S)-1 using X-ray ge-
ometry as input; vertical bars represent rotational strengths.

Alcohols 2 and 3 were submitted to careful NMR spec-
troscopic analysis that resulted in definition of their planar
structures and full carbon and proton assignment (see the
Experimental Section). The two molecules differed only in
the configuration of one or more chirality centers. Com-91
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parison of the spectroscopic data with those we collected
for the methanolysis derivatives of 1 revealed that 2 and 3
were identical to the alcohols described in the previous pa-
per.[7] With the aim to complete the assessment of the rela-
tive configuration of the unassigned chiral centers[7] in ad- 96
dition to the aim to determine the absolute configurations
of both 2 and 3, a stereochemical study was conducted on
these molecules by using X-ray and TDDFT ECD tech-
niques.

Onchidiol (2) was crystallized from EtOH, and a suitable 101
single crystal was analyzed by X-ray diffraction. The final
X-ray model is depicted in Figure S1 (Supporting Infor-
mation), thus confirming that it was the alcohol derivative
of onchidione (1). Two slightly different conformers in a 1:1
ratio were identified in the crystal lattice, which differed 106
only in the rotation of the ethyl groups (Figure S1). The
two γ-pyrone moieties, located on the top of each other
somewhat tilted, adopt an equatorial orientation forcing the
15-OH, 12-Me, and 13-OH groups into the axial position.

As for onchidione (1) the solid-state TDDFT ECD ap- 111
proach was applied to determine the absolute stereochemis-
try of 2. The ECD spectra of 2 were recorded in MeOH
and as a KCl disk showing very similar curves (Figure 2),
which proved that the solid-state conformers are also preva-
lent in solution. The experimental ECD spectra were domi- 116
nated by negative, positive, and negative Cotton effects
(CE) at 273, 255, and 239 nm, respectively. The ECD spec-
trum was then calculated for the DFT-optimized X-ray geo-
metries of the enantiomer (4R,10R,11R,12S,13S,14S,
15S,16S)-2 with the TDDFT method at the B3LYP/TZVP 121
level (Figure 3). It clearly reproduced the main experimen-
tal bands very well, confirming the expected absolute con-
figuration of 2 as (4R,10R,11R,12S,13S,14S,15S,16S), the
same as that of onchidione (1).[14]

Figure 2. Experimental solid-state (KCl) and solution (MeCN)
ECD spectrum of 2 compared with the TDDFT calculated ECD
spectra (B3LYP/TZVP) of (4R,10R,11R,12S,13S,14S,15S,16S)-2
using the two X-ray geometries as input (1:1 ratio); vertical bars
represent rotational strengths.

4-epi-Onchidiol (3) showed an ECD spectrum slightly 126
different from those of 1 and 2, consistent with an opposite
absolute configuration of one or more chiral centers in 3
with respect to 1 and 2 (Figure 4). In order to determine
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Figure 3. Overlapped DFT optimized structures of the X-ray analy-
sis of 2 used as input for the TDDFT ECD calculation.

the configuration, a suitable single crystal of 3 was grown
by careful crystallization from EtOH and used for X-ray131
diffraction analysis. The X-ray structure of 3 is shown in
Figure 5. On the basis of the eight oxygen atoms, the final
refinement on the Cu-Kα data resulted in a Flack parameter
of 0.09(8), allowing unambiguous assignment of the abso-
lute configuration of 3 as 4S,10R,11R,12S,13S,14S,15S,16S,136

Figure 4. Experimental solution ECD profiles of 1–3 in methanol.

Figure 5. ORTEP diagram for the X-ray structure of 3.
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in agreement with the results obtained for 1 and 2. Thus,
compound 3 is the C-4 epimer of onchidiol (2).

Onchidiols 2 and 3 were identical to the previously re-
ported molecules obtained by methanolysis of 1,[7] which
were incorrectly suggested to be epimeric at C-16. This im- 141
plies that the main epimerization mechanism of onchidione
alcohol derivatives involves the enolization of H-4 rather
than inversion at C-16 as it was observed for denticulatins.[5]

It is interesting to note that such racemization does not oc-
cur in onchidione (1). In the previous paper we reported 146
that an intramolecular hydrogen bond between the hydroxy
group at C-15 and the carbonyl group at C-3 stabilized the
folded conformation of the crystal structure of 1.[7] If the
similarity of the solid-state and solution conformers is as-
sumed, the intramolecular hydrogen bond should be formed 151
also in solution by engaging the carbonyl at C-3 and mak-
ing the enol formation difficult to occur. Alternatively, such
an intramolecular hydrogen bond seems to be absent in 2
due to its different conformation in which the carbonyl at
C-3 and the 15-OH group appear to be too far away from 156
each other (Figure S1). This could explain the racemization
at C-4 observed in onchidiol (2).

Conclusions

The absolute configurations of marine polypropionates
onchidione (1), onchidiol (2), and 4-epi-onchidiol (3) were 161
unambiguously determined by using physical methods that
included solid-state time-dependent density functional
theory electronic circular dichroism and X-ray diffraction
analysis with the final refinement on the Cu-Kα data. This
is the first time that the absolute stereochemistry of acyclic 166
polypropionates was assigned by applying these methodolo-
gies; in most cases this is determined by stereospecific syn-
thesis (i.e., peronatriols,[15] onchitriols[16]).

Experimental Section
Biological Material: Onchidium sp. (400 individuals, average size 171
4 cm) were collected in the intertidal zone along the coast of Ling-
shui Bay, Hainan Province, China, during August, 2010. The mol-
luscs were frozen immediately after collection. A voucher specimen
(LS-115) is available for inspection at Herbarium of Shanghai Insti-
tute of Materia Medica, CAS. 176

Extraction and Isolation: The extraction of Onchidium sp. speci-
mens was performed according to a previous study.[7] The diethyl
ether soluble portion of the acetone extract of the external part
(2.1 g) was fractionated on an LH-20 Sephadex column (CHCl3/
MeOH, 1:1). Selected fractions were combined (0.8 g) and purified 181
by silica gel column chromatography (CHCl3/MeOH gradient) to
give subfractions 1 and 2. Fraction 1 (120 mg) was purified by silica
gel column chromatography (CHCl3/MeOH, 97:3) to give onchi-
dione (1, 80.5 mg). Fraction 2 (115 mg) was submitted to reverse-
phase HPLC chromatography (MeOH/H2O, 75:25) obtaining on- 186
chidiol (2, 25.4 mg) and 4-epi-onchidiol (3, 6.2 mg).

Onchidione (1): ECD (MeCN, c = 1.30�10–4): λmax (Δε) = 296 sh.
(–12.51), 286 sh. (–16.97), 271 (–34.84), 252 (33.19), 230 (–62.61),
202 (–75.11), positive below 196 nm. ECD (66 μg of 1 in 250 mg
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of KCl): λmax (Δε) = 303 sh. (–2.42), 290 sh. (–3.84), 272 (–5.47),191
255 (0.99), 233 (–9.04), 204 (–8.09), positive below 196 nm. 1H and
13C NMR in accordance with the literature data.[7]

Onchidiol (2): Colorless crystals; m.p. 158–159 °C. [α]D20 = –37 (c =
0.13, MeOH). UV (MeOH): λmax (log ε) = 260 (4.5) nm. ECD
(MeOH, c = 0.89�10–3): λmax (Δε) = 287 sh. (–6.26), 273 (–11.23),196
257 (5.90), 242 (–19.19), 230 sh. (–14.26), 214 (–1.17), 203 (–10.06)
nm. ECD (MeCN, c = 1.19�10–4): λmax (Δε) = 293 sh. (–4.76),
284 sh. (–6.07), 271 (–8.44), 252 (7.09), 232 (–15.32), 201 (–16.87),
positive below 196 nm. ECD (66 μg of 2 in 250 mg of KCl): λmax

(Δε) = 296 sh. (–11.4), 288 sh. (–15.49), 273 (–20.89), 254 (9.75),201
233 (–37.55), 203 (–16.85), positive below 199 nm. IR (KBr): ν̃ =
3417, 2979, 2937, 2883, 1724, 1652, 1608, 1460, 1425, 1383, 1184,
1057, 978 cm–1. 1H NMR (400 MHz, CDCl3): δ = 4.79 (s, 1 H,
OH), 4.51 (dd, JHH = 10.6, 2.1 Hz, 1 H, 11-H), 3.97 (q, JHH =
7.2 Hz, 1 H, 4-H), 3.62 (dd, JHH = 2.8, 2.8 Hz, 1 H, 13-H), 3.31206
(q, JHH = 7.2 Hz, 1 H, 16-H), 3.10 (m, 1 H, 10-H), 2.62 (m, 1 H,
2a-H), 2.51 (m, 2 H, 2b-H and 22a-H), 2.15 (m, 1 H, 22b-H), 2.00
(m, 1 H, 14-H), 1.99 (s, 3 H, 26-H), 1.98 (s, 3 H, 31-H), 1.97 (m, 1
H, 12-H), 1.86 (s, 3 H, 25-H), 1.79 (s, 3 H, 32-H), 1.39 (d, JHH =
7.2 Hz, 3 H, 24-H), 1.21 (d, JHH = 7.2 Hz, 3 H, 30-H), 1.19 (d,211
JHH = 6.8 Hz, 3 H, 29-H), 1.07 (t, JHH = 8.0 Hz, 3 H, 23-H), 1.06
(d, JHH = 7.2 Hz, 3 H, 27-H), 1.06 (t, JHH = 6.8 Hz, 3 H, 1-H),
0.95 (d, JHH = 7.2 Hz, 3 H, 28-H) ppm. 13C NMR (100 MHz,
CDCl3): δ = 210.6 (C-3), 179.5 (C-19), 179.0 (C-7), 165.8 (C-9),
164.9 (C-21), 160.3 (C-17), 158.5 (C-5), 121.8 (C-18), 118.8 (C-6),216
118.2 (C-8), 117.0 (C-20), 102.4 (C-15), 76.3 (C-13), 66.8 (C-11),
47.2 (C-4), 42.8 (C-16), 36.8 (C-10), 36.0 (C-2), 35.7 (C-12), 32.1
(C-14), 24.7 (C-22), 14.5 (C-27), 14.4 (C-24), 12.9 (C-28), 12.1 (C-
30), 11.3 (C-31), 10.7 (C-23), 10.0 (C-29), 9.5 (C-25), 9.3 (C-26),
9.2 (C-32), 7.6 (C-1) ppm. MS (ESI): m/z = 559.4 [M + H]+, 581.4221
[M + Na]+, 1139.6 [2M + Na]+. HRMS (ESI): calcd. for
C32H46O8Na [M + Na]+ 581.3090; found 581.3093.

4-epi-Onchidiol (3): Colorless crystals; m.p. 173–175 °C. [α]D20 = +34
(c = 0.07, MeOH). UV (MeOH): λmax (log ε) = 260 (4.5) nm. ECD
(MeOH, c = 1.33�10–3) λmax (Δε) = 287 (+4.58), 272 (–6.79), 257226
(+9.09), 237 (–26.01), 228 (–24.18), 193 (+48.48) nm. IR (KBr): ν̃
= 3432, 2980, 2939, 2885, 1727, 1654, 1593, 1461, 1425, 1383, 1186,
1059, 977 cm–1. 1H NMR (400 MHz, CDCl3): δ = 4.36 (dd, JHH =
10.6, 2.0 Hz, 1 H, 11-H), 4.32 (s, 1 H, OH), 3.79 (dd, JHH = 2.5,
2.5 Hz, 1 H, 13-H), 3.73 (q, JHH = 7.0 Hz, 1 H, 4-H), 3.24 (q, JHH231
= 7.0 Hz, 1 H, 16-H), 3.06 (m, 1 H, 10-H), 2.53 (m, 1 H, 2a-H),
2.32 (m, 2 H, 2b-H and 22a-H), 2.12 (m, 1 H, 22b-H), 2.10 (m, 1
H, 14-H), 2.01 (m, 1 H, 12-H), 1.97 (s, 3 H, 31-H), 1.93 (s, 3 H,
26-H), 1.91 (m, 3 H, 25-H), 1.82 (s, 3 H, 32-H), 1.74 (d, JHH =
7.0 Hz, 3 H, 24-H), 1.16 (t, JHH = 7.5 Hz, 3 H, 23-H), 1.15 (d, JHH236
= 7.0 Hz, 3 H, 30-H), 1.05 (t, JHH = 7.6 Hz, 3 H, 1-H), 0.99 (d,
JHH = 7.2 Hz, 3 H, 29-H), 0.98 (d, JHH = 7.2 Hz, 3 H, 27-H), 0.97
(d, JHH = 7.0 Hz, 3 H, 28-H) ppm. 13C NMR (100 MHz, CDCl3):
δ = 207.6 (C-3), 179.9 (C-19), 179.6 (C-7), 166.1 (C-21), 165.4 (C-
9), 162.0 (C-5), 161.0 (C-17), 121.5 (C-18), 119.6 (C-6), 118.4 (C-241
8), 117.6 (C-20), 102.7 (C-15), 77.0 (C-13), 66.5 (C-11), 48.5 (C-4),
42.5 (C-16), 37.1 (C-10), 36.4 (C-12), 34.6 (C-2), 32.4 (C-14), 25.0
(C-22), 14.9 (C-27), 13.4 (C-24), 13.0 (C-28), 12.3 (C-30), 11.4 (C-
31), 11.3 (C-23), 10.3 (C-29), 10.0 (C-25), 9.64 (C-26), 9.61 (C-32),
8.1 (C-1) ppm. MS (ESI): m/z = 559.5 [M + H]+, 581.5 [M +246
Na]+, 597.3 [M + K]+, 1139.6 [2M + Na]+. HRMS (ESI): calcd.
for C32H46O8Na [M + Na]+ 581.3090; found 581.3105.

X-ray Crystallographic Analysis of 2 and 3: The data collection of
2 was performed with a Bruker Smart Apex CCD diffractometer
with graphite-monochromated Mo-Kα radiation (λ = 0.71073 Å) at251
293 K. The data collection of 3 was performed with a Bruker Apex

www.eurjoc.org © 0000 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim Eur. J. Org. Chem. 0000, 0–04

II CCD diffractometer by using Cu-Kα radiation (λ = 1.54178 Å)
at 133 K. The structures were solved by direct methods and refined
with full-matrix least-squares calculations on F2 using SHELXL.[17]

CCDC-824267 (for 2) and -824268 (for 3) contain the supplemen- 256
tary crystallographic data for this paper. These data can be ob-
tained free of charge from The Cambridge Crystallographic Data
Centre via www.ccdc.cam.ac.uk/data_request/cif.

Computational Details: Geometry optimizations [B3LYP/6-31G(d)
level of theory] and TDDFT calculations were performed with 261
Gaussian 03[18] by using various functionals (B3LYP, BH&HLYP,
PBE0) and TZVP basis set. ECD spectra were generated as the
sum of Gaussians[19] with 2700 and 2100 cm–1 half-height width
(corresponding to ca. 17 and 13 at 250 nm, respectively) by using
dipole-velocity computed rotational strengths. 266

Supporting Information (see footnote on the first page of this arti-
cle): 1D NMR, 2D NMR, and HRMS spectra and crystallographic
data of 2 and 3.
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