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Abstract: The first synthesis of lissoclimide-type alkaloids is described. Starting from commercial (+)-sclareolide, the al-

dehyde -bicyclohomofarnesal is synthesized and coupled, through an aldol reaction, with succinimide. The antitumor ac-

tivity of several lissoclimide analogues is also reported.  
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Among marine organisms, tunicates (ascidians) and mol-
lusks have become a prolific source of novel bioactive sec-
ondary metabolites [1]. As part of a study on the cytotoxic 
metabolites of a New-Caledonian tunicate, Lissoclinum 
voeltzkowi, the natural product dichlorolissoclimide (1) (IC50 
= 0.001 μg/mL against P388 cells) was isolated in 1991 by 
Malochet-Grivois and co-workers [2]. The chemical struc-
ture of 1 was later confirmed by X-ray crystallographic 
analysis and an initial misassignment was corrected [3]. In 
1994, the same research team isolated the corresponding 
monochloro-derivative, chlorolissoclimide (2) [4]. Structur-
ally, both metabolites share the same labdane carbon frame-
work, and display one or two chlorine atoms and a suc-
cinimide ring, which are extremely rare features among ma-
rine natural products. In addition, both compounds displayed 
very high levels of cytotoxicity against a number of different 
tumor cell-lines. 

During the years 2001-2002, Ueda and co-workers de-
scribed the isolation of eleven related compounds from the 
ascidian Lissoclinum sp., which were named haterumaimides 
A-K because the ascidian was collected off the coast of 
Hateruma Island, Okinawa, Japan [5]. All the hateru-
maimides exhibited cytotoxicity against P388 cells. The 
same authors have recently described the isolation of four 
additional compounds of this family, named haterumaimides 
N-Q [6]. Also recently, Schmitz and co-workers have de-
scribed three new structures, isolated from the mollusks 
Pleurobranchus albiguttatus and Pleurobranchus forskalii, 
of which two have been renamed as haterumaimides L and 
M [7]. The latter was the first report of the isolation of Lis-
soclinum metabolites from its predators Pleurobranchus. 
Interestingly, all these compounds displayed potent in vitro 
cytotoxicity against different tumor cell-lines. 

Due to the potent cytotoxicity and unique structural fea-
tures of these molecules, several biological and synthetic  
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Fig. (1). Some examples of lissoclimide-type alkaloids. 

studies have been reported. For example, dichlorolisso-
climide (1) and chlorolissoclimide (2) have been studied in 
vitro on a human non-small-cell brochopulmonary carci-
noma line at the cell cycle level [8]. Also, both compounds 
have demonstrated that they inhibit protein synthesis block-
ing translation elongation by inhibiting translocation [9]. 
Among the synthetic community, Jung and co-workers have 
long studied the introduction of chlorine atoms in model 
molecules with the ring system similar to that of chlorolisso-
climides [10]. Owing to the promising activity and low natu-
ral abundance of these molecules, synthesis remains an im-
portant technique in the production of these compounds in 
sufficient quantities for further study. However, to the best 
of our knowledge, no synthesis has been reported in the lit-
erature to date.  
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Scheme 1. Retrosynthesis of lissoclimide skeleton. 

In this letter, we describe the first synthesis of lisso-
climide-type diterpenes. In addition to this synthetic work, 
we have also carried out in vitro analysis of the antitumor 
activity of the molecules prepared in our laboratory. 

Our retrosynthesis towards lissoclimides focused in the 
aldol condensation between aldehyde 4 and the enolate of 
succinimide (Scheme 1). Aldehyde 4 is a known intermedi-

ate in the synthesis of different terpenoid systems and can be 
prepared in three steps starting from commercially available 
(+)-sclareolide [11]. The key aldol reaction with succinimide 
has little precedent in the literature, and to the best of our 
knowledge, only one article reports the aldol condensation 
between the dipotassium salt of succinimide and aldehydes 
[12]. Similarly, only one method for the synthesis of the hy-
droxyalkylated imide moiety present in the lissoclimides has 
been reported [13]. Thus, the introduction of the succinimide 
moiety represented a significant and unprecedented synthetic 
challenge in the context of this family of natural products. 

The synthesis began with the preparation of aldehyde 4 
from commercially available (+)-sclareolide. Thus, (+)-
sclareolide was reacted with the dimethylaluminium amide 
derived from N-methoxy-N-methylamine yielding the de-
sired Weinreb´s amide 5 in 85% yield (Scheme 2). The terti-
ary alcohol of amide 5 was dehydrated in the presence of 
SOCl2/pyridine at -78 ºC to give essentially the exo-isomer 6 
in 90% yield. Finally, compound 6 was treated with DIBAL-
H at -78 ºC to give the desired aldehyde 4 in 92% yield [11]. 

With the aldehyde 4 in hand, our next objective was to 
carry out the introduction of the succinimide moiety. Thus, a 
solution of succinimide in THF was added to a solution of 
LiHMDS at -78 ºC to generate the dianion of succinimide. 
After 50 min, a solution of aldehyde 4 was added and stirred 
for 90 min at the same temperature. After quenching with 
saturated NH4Cl and extraction with ethyl acetate the result-
ing residue was chromatographed to afford recovered 
starting material (20%) and 50% yield of aldol product 3 

(Scheme 2). The aldol product resulted to be by analysis of 
NMR data, a mixture of four diastereomers (40:35:15:10). 
All attempts to separate the diastereomers by flash chroma-
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Scheme 2. Reagents and conditions: (a) MeONHMe·HCl, AlMe3, DCM, 0˚C to rt, 85%; (b) SOCl2/py, DCM, -78˚C, 90%; (c) DIBAL-H, 

Et2O, -78˚C to -20˚C, 92%; (d) succinimide, LiHMDS, THF, 70%; (e) SeO2, t-BuOOH, DCM, 40%; (f) Dess-Martin periodinane, DCM, 

70%. 
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tography were unsuccessful since all the diastereomers pos-
sess identical Rf. The stereochemistry at carbons C12 and 
C13 of the major diastereomers remains unknown. However, 
the carbon skeleton typical of the lissoclimide-type diterpe-
nes has been successfully contructed following this method-
ology.  

In order to evaluate the cytotoxicity of related oxidized 
analogues, we carried out the synthesis of several deriva-
tives. For example, functionalization of C7 in 3 by allylic 
oxidation with SeO2 gave the alcohol 7 (7-epi-
haterumaimide Q), which was isolated as a ca. 1:1 mixture of 
diastereomers at C12 and C13. The stereochemistry of the 
hydroxy group at C7 was assigned as depicted based on 
precedents in the literature for similar oxidations [14].  

In addition, we could observe in the 
1
H NMR spectrum a 

signal (  4.50 ppm) corresponding to the H attached to C7 
with very small coupling constants, which agrees with an 
equatorial orientation. Also, we carried out the oxidation of 
C12 in 3 with Dess-Martin periodinane [15] to obtain com-
pound 8 (ca. 1:1 mixture at C13) in order to investigate the 
influence of this functional group in the biological activity of 
these analogues.  

The lissoclimide derivatives 3,7 and 8 were tested in vi-
tro for potential antitumor and cytotoxic activities determin-
ing the concentration of the compound that induces 50% 
killing (CC50) of the HeLa and Jurkat tumor cell lines; and 
Vero cell line, respectively (Table 1). The antitumor activity 
on HeLa and Jurkat cells, and cytotoxic activity on Vero 
cells have been carried out using tetrazolium- dye (MTT) 
assay in vitro on cell growth according to the protocol re-
ported by us [16], which was used with a few modifications 
[17]. All these compounds produced a dose-dependent inhi-
bition on the growth of cell lines, with R

2
 (coefficient of lin-

ear regression) greater than 0.8. Both lissoclimide deriva-
tives 3 and 8 showed in vitro antitumor activity and the lis-
soclimide derivative 3 showed the highest antitumor activity 
on the Jurkat tumor line with CC50 value of 4.3 ± 1 μg/mL. 
Also, the lissoclimide derivative with the highest selectivity 
index (SI) was the lissoclimide derivative 3. Comparison of 
the antitumor activity data in the series of natural lisso-

climides [6] and our synthetic lissoclimides shows that the 
stereochemistry at C7, C12 and C13 centers is key to retain 
the biological activity of this family of compounds. 

In conclusion, we have assembled for the first time the 
lissoclimide carbon skeleton and demonstrated that simple 
lissoclimides derivatives exhibit moderate cytotoxicity. The 
identity of the pharmacophore has been confirmed as the 
hydroxyalkylated imide moiety, which in agreement with the 
work of Ueda and co-workers [6]. 

These results encourage us to continue our research of 
this series by controlling the stereochemistry of the key 
stereocenters with the aim of obtaining more potent ana-
logues. 
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