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1,2,3,4-Tetrahydro-2-thioxopyrimidine analogs of combretastatin-A4
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Abstract

Eleven 1,2,3,4-tetrahydro-2-thioxopyrimidine analogs of combretastatin-A4 (CA-4) were synthesized and their cytotoxicity against
the growth of two murine cancer cell lines (B16 melanoma and L1210 leukemia) in culture was determined using an MTT assay. Two 2-
thioxopyrimidine analogs 8f and 9a exhibited significant activity (IC50< 1 mM for L1210 and <10 mM for B16 cells). Exposure of A-10 cells
to 8f and 9a produced a significant reduction in cellular microtubules in interphase cells, with an EC50 value of 4.4 and 2.9 mM, respectively, for
microtubule loss. Molecular modeling studies using MacSpartan indicated that the two active 2-thioxopyrimidine analogs preferably adopt
a twisted conformation, similar to CA-4, affirming that conformation and structure are connected to activity.
� 2007 Elsevier Masson SAS. All rights reserved.
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Vascular targeting agents (VTAs), such as combretastatin-
A4 (CA-4, 1, Fig. 1), are effective antitumor agents. VTAs
rapidly and specifically disrupt the abnormal tumor vascula-
ture, resulting in vascular collapse and tumor necrosis [1].
There are data to suggest that the antivascular actions might
be mediated through the vascular endothelial-cadherin signal-
ing pathway [1b]. CA-4 (1) is a natural product extracted from
the African Willow Tree, Combretum caffrum and it inhibits
tubulin polymerization by interacting with the colchicine bind-
ing site on tubulin [2]. This alters the morphology of endothe-
lial cells and causes vascular shutdown and regression of
tumor vasculature. However, the use of CA-4 (1) as a clinical
antitumor agent is limited by its low bioavailability and poor
aqueous solubility [3]. These drawbacks have led to the devel-
opment of water-soluble derivatives and analogs as depicted in
Fig. 1, which include a phosphate-containing pro-drug (CA-
4P, 2), an amino analog 3 [5a] and an amino acid derivative
(AVE-8062, 4) [4]. These structural analogs have proven to

be effective VTAs and they have antitumor actions alone
and in combination with current cancer treatments such as
cytotoxic chemotherapy, radiation, radio-immunotherapy, and
anti-angiogenic agents [1].

Further examples of cytotoxic analogs of CA-4, 1, that have
been reported include furanones [5b,6a], isoxazoles [6b], im-
idazoles [6c], triazoles [6d], azetidinones [6e], pyrazoles
(e.g., 5) [6f], pyrazolines (e.g., 6) [7], and cyclohexenones
(e.g., 7) [8]. The latter three heterocyclic derivatives of CA-
4 (1) were synthesized in the author’s laboratory and their
structures are given in Fig. 1. The compounds showed varying
degrees of cytotoxic potency, but the pyrazole-compound 5
showed a significant loss in potency against murine cancer
cells growing in culture. The X-ray crystallography structure
of a close analog of pyrazole 5 (in which the eOH group is
replaced with an eOCH3 group) [6f] revealed that the com-
pound adopted a planar conformation, lacking the twisted ge-
ometry of CA-4 needed to bind optimally to tubulin [9]. The
planar conformation of 3,5-diarylpyrazoles was also predicted
from molecular modeling studies [7,8]. Interestingly, the pyr-
azoline 6 and cyclohexenone 7 compounds have significant cy-
totoxicity and they cause a major loss of cellular microtubules

* Corresponding author. Tel.: þ1 616 392 7190; fax: þ1 616 392 7923.

E-mail address: lee@hope.edu (M. Lee).

0223-5234/$ - see front matter � 2007 Elsevier Masson SAS. All rights reserved.

doi:10.1016/j.ejmech.2007.11.030

Available online at www.sciencedirect.com

European Journal of Medicinal Chemistry 43 (2008) 2011e2015
http://www.elsevier.com/locate/ejmech

mailto:lee@hope.edu
http://www.elsevier.com/locate/ejmech


in A-10 cells [7,8]. Molecular modeling studies confirmed that
both compounds 6 and 7 preferred twisted geometries [2].

Despite past successes in designing analogs of CA-4, 1, that
are more soluble in biological media, the task of creating mol-
ecules that are equally potent as an anticancer agent as CA-4
has been far more challenging. As part of a program to develop
novel heterocyclic analogs of CA-4, a series of novel 1,2,3,4-
tetrahydro-2-thioxopyrimidine analogs was designed with the

purpose of examining their cytotoxic properties and to corre-
late the results with the conformational ‘‘twist’’ of the mole-
cules. An additional objective for synthesizing this class of
compounds is to search for analogs of CA-4 that have good wa-
ter solubility and are biologically active. 1,2,3,4-Tetrahydro-2-
thioxopyrimidine analogs are attractive for our studies because
only a small handful of 1,2,3,4-tetrahydro-2-thioxopyrimidine
have been made and reported [10a], and none has been
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Fig. 1. Structures of combretastatin-A4 (CA-4, 1) and its water-soluble derivatives 2e4 and analogs 5e7, including pyrazole, pyrazoline and cyclohexenone de-

rivatives of chalcones, 5e7, respectively. Two general types of 1,2,3,4-tetrahydro-2-thioxopyrimidine, I for compounds 8aei and II for 9a,b.

Fig. 2. Energy optimized structures of two 1,2,3,4-tetrahydro-2-thioxopyrmidine analogs: 9a (left) and 8f (right), type II and I, respectively.
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