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a b s t r a c t

A small library of analogues of annonaceous acetogenins through click linkage with aromatic moieties is
established using a convergent modular fragment-assembly approach. These analogues exhibited low
micromolar inhibitory activities against the proliferation of several human cancer cell lines. Structure
eactivity relationship (SAR) of these analogues indicates that replacement of the methoxy groups of
ubiquinone ring with methyl groups is proved to be a useful strategy for improving the anticancer ac-
tivity of quinoneeacetogenin hybrids.

� 2014 Elsevier Masson SAS. All rights reserved.

1. Introduction

Annonaceous acetogenins, a large unique family of natural
polyketides with more than 400 members, have been isolated and
characterized from Annonaceous plants growing in tropical and
subtropical regions in the past three decades [1e3]. Most aceto-
genins exhibit a broad spectrum of bioactivity such as antitumor,
immunosuppressive, antimalarial, antifeedant, and insecticidal
activities, among which their antitumor activities are probably
most attractive. It is generally accepted that the main mode of ac-
tion of acetogenins is the blockage of complex I (NADH-ubiquinone
oxidoreductase) in mitochondria [4,5]. Due to their unique

chemical structures and excellent antitumor activities, annona-
ceous acetogenins have been attracting worldwide attention [1,2,6].
We have engaged in simplifying the structure of natural acetoge-
nins with medicinal considerations for several years [7e15]. In our
previous studies, a mimic of naturally occurring acetogenins-
AA005 have been successfully developed by replacement of the
THF rings of natural bullatacin with an ethylene glycol ether unit
and exhibited very potent antitumor activity against a variety of
human cancer cell lines in low to medium nanomolar range,
whereas it had low cytotoxicity against normal human cells [8e10].
Subsequently, we also developed a newmimic 1 bearing a biphenyl
moiety in the left hydrocarbon chain part, which was identified to
show more potent inhibitory activity and higher selectivity against
cancer cells than normal cells by comparison with AA005 [16].

The g-lactone moiety of most natural acetogenins was sug-
gested to probably interact with the quinone binding site of com-
plex I. To clarify the mode of action of acetogenins, Koert et al.
designed two hybrid analogues in which the g-lactone moiety was
replaced with the quinone portion of ubiquinone, a natural sub-
strate of complex I. The hybrid analogue quinoneemucocin showed
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10 times more potent complex I inhibitory activity than that of
natural mucocin [17e19]. This mentioned that exchange of the g-
lactone moiety of natural acetogenins with other aromatic struc-
tural equivalents might remain the bioactivity. Click chemistry has
been increasingly applied as a useful tool in biomedical research
and drug discovery in the past two decades. It greatly simplifies
compound synthesis, providing the means for faster lead discovery
and optimization. For lead optimization, it enables rapid SAR
profiling, through generating analog libraries quickly and reliably

by joining small units together [20e23]. According to the structural
characteristics of compound 1, we wish to explore small focused
library of annonaceous acetogenin analogues by replacing the g-
lactone moiety with various aromatic functionalities with Click
chemistry (Fig. 1). Practically, generation of proper aromatic moi-
eties in the right region of compound 1-like molecules using two
pre-functionalized fragments alkynes and azides would provide a
new convergent access to this class of anticancer compounds.
Herein, we report our results from this approach, by which the g-

Fig. 1. Design of acetogenin analogues by click linkage with aromatic functionalities.
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