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Abstract

TheRabsolute configuration at C-2′ of the glyceryl moiety of the natural diterpenoid 1,3-glyceryl esters1 and2
has been established by applying the modified Mosher method. These esters have been isolated, together with the
corresponding 1,2-derivatives (3 and4), from different collections of the Antarctic dorid nudibranchAustrodoris
kerguelenensis. Surprisingly, such a configuration is opposite to that of all marine terpenoid diacylglycerols so far
reported. Compounds1 and3 are new natural products closely related to austrodorin5, already described from the
same species. © 1999 Elsevier Science Ltd. All rights reserved.

Marine dorid nudibranchs belonging to the generaDoris, Anisodoris, Archidoris andAustrodorisare
known to contain terpenoid glyceryl esters in their mantle.1,2 These molecules, which are supposed to
be involved in the chemical defensive mechanisms of the shell-less mollusc,3,4 are potent activators of
protein kinase C and very active in a regenerative test with the fresh water hydrozoanHydra vulgaris.5

In the course of our study on dorid nudibranchs, we have characterized a series of ichthyotoxic 1,3-
sn and 1,2-sn diterpenoid diacylglycerols from several dorid species.6–11 In order to determine the
absolute stereochemistry of the diacylglycerols isolated, we have also performed synthetic strategies
to obtain optically active terpenoid glyceryl esters.12–14All natural terpenoid diacylglycerols showed the
Sstereochemistry at C-2′ of the glyceryl moiety.

Herein, we report a stereochemical study on the 1,3-diacyl glyceryl esters1 and2, which have been
isolated from two different collections of the Antarctic nudibranchAustrodoris kerguelenensis, Bergh
1884, respectively, along with the corresponding 1,2-derivatives3 and 4. The new metabolites1 and
3 were closely related to austrodorin5, previously found in a population of the same mollusc from
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Tethys Bay,9 whereas diacylglycerols2 and4 are known compounds, previously reported from anA.
kerguelenensisspecimen collected at McMurdo Sound.15

Two specimens (13 cm length) ofA. kerguelenensiswere collected by trawling, South of Livingston
Island (South Shetland Islands, Antarctica), within the framework of a Spanish expedition,16 during
January and February 1995. The specimens and mucus secreted by the molluscs were frozen immediately.
Later, the animals were transferred to ICMIB and dissected into mantle and internal organs, which
were separately extracted with acetone. Extracts were evaporated and the aqueous residue was treated
with Et2O. The mucus was extracted directly with Et2O. A comparative TLC analysis (Si gel, petr.
ether:Et2O, 3:7) of Et2O soluble fractions of the different parts showed that the mucus and the mantle
contained a series of metabolites (Rf 0.5–0.1), which were absent in the remaining body sections.
Therefore, Et2O extracts of mucus and mantle were combined (330 mg) and submitted to silica gel
column chromatography, using a petroleum ether/Et2O gradient as eluent. The fraction eluted by petr.
ether:Et2O, 1:1 (70 mg), containing the more abundant metabolites atRf 0.4–0.5 (petr. ether:Et2O, 3:7),
was purified by normal-phase HPLC (n-hexane:isopropanol, 99:1) to give the 1,3 derivative117 (4.4 mg)
and the main 1,2-derivative317 (22.4 mg). The more polar fraction eluted by Et2O (100 mg), containing
metabolites atRf 0.1–0.3 (petr. ether:Et2O, 3:7), was revealed, by preliminary NMR analysis, to contain
a mixture of minor 2-monoacylglycerols, which has not been investigated further yet.

NMR data of compounds1 and3 immediately revealed strong similarities with those of austrodorin
5, previously isolated from the same species.9 In particular,1 and 3 displayed a structure containing
the same halimane diterpenoid acid linked to C-1′ of a glyceryl moiety, further esterified by an
acetyl group at C-3′ or C-2′, respectively. All1H and 13C NMR resonances were easily attributed by
analogy with austrodorin5.17 Acetylation of aliquots of both compounds gave the diacetyl derivative
6,18 identical in all respects with diacetyl austrodorin previously characterized,9 further confirming the
proposed structure. In order to assign the absolute stereochemistry at C-2′ of the diacylglycerol1, the
modified Mosher method19,20 was applied. The observed∆δ (δS–δR) in the 1H NMR chemical shifts
(Table 1) of the (S)- and (R)-esters,7 and8,21 obtained by treating1 with (R)- and (S)-α-methoxy-α-
trifluoromethylphenylacetic (MTPA) chloride, respectively, suggested anR absolute stereochemistry at
C-2′.

Two specimens ofA. kerguelenensis(10 and 5 cm length, respectively), were caught by trawling, in
the Weddell Sea, Antarctica, within the framework of a German expedition,22 in February 1996, and
subsequently transferred to the ICMIB. One frozen individual (size 10 cm) was immersed in acetone,
using ultrasonic vibration, to extract only the metabolites present in the external part of the nudibranch.
The animal was then extracted with acetone. The Et2O fractions of both acetone extracts were compared
by TLC, revealing the presence of some metabolites atRf 0.35 (petr. ether:Et2O, 1:1), exclusively in
the extract of the external part (43 mg), which was submitted to a silica gel column chromatography
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Table 1
Selectedδ1H NMRa,b values for Mosher’s esters of compounds1 and2

using a petroleum ether/Et2O gradient as eluent. The fraction eluted by petr. ether:Et2O, 1:1 (8.5 mg)
was purified by normal-phase HPLC (n-hexane:isopropanol, 99:1) to give the known 1,3-diacylglycerol
2 (2.1 mg) and 1,2-diacylglycerol4 (5.2 mg), which were identified by1H NMR and [α]D,15,23whereas,
the other metabolites described in the previous paper15 were absent. As the absolute stereochemistry at
C-2′ of the glyceryl moiety had not been previously assigned,15 the modified Mosher method was applied
to compound2. Analogously with1, compound2 was treated with (R)- and (S)-MTPA chloride, to give
the (S)- and (R)-esters,9 and10,24 respectively. The observed∆δ (δS–δR) in the 1H NMR chemical
shifts (Table 1) of the esters9 and10 indicated theRabsolute configuration at C-2′, in keeping with1.

Surprisingly, both diacylglycerols1 and2, from two distinct populations ofA. kerguelenensis, exhibi-
ted the 2′-(R) configuration, which was opposite to that so far reported for all terpenoid diacylglycerols
from marine dorid nudibranchs collected at different geographical areas, such as the Mediterranean Sea
as well as Atlantic or Pacific Oceans.6–8,10–14,25,26This finding could be related to the peculiarities
of an Antarctic marine ecosystem, which is, among others, characterized by low temperatures and a
pronounced seasonality. This undoubtedly influences the metabolism of living organisms. Further studies
will be required to investigate biological activities of 2′-(R)-diacylglycerols in comparison with those
displayed by 2′-(S)-diacylglycerols.5
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