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Abstract—In the course of our investigation into the use of taxol as a lead compound to design new molecules with anti-cancer
activity, we have synthesized four compounds based on protected guanosine coupled to taxol isoserine side-chain analogues. These
analogues show in vitro anti-cancer activity against the colon cancer cell line SW480 that their constituent parts do not.
# 2003 Elsevier Ltd. All rights reserved.
It has been known for many years that the leaves and
berries of the yew tree are toxic to animals and man.
The constituent chemicals that cause the toxicity are
collectively known as taxanes. Some of the more com-
plex naturally occurring taxanes, taxol 1 and cephalo-
mannine 2, show potent anti-leukemic and anti-tumor
inhibitory and therapeutic properties.1

A problem arises when a large amount of taxol is
required. Taxol originates from the bark of the yew tree
and hence its extraction ultimately kills the tree. This
has severely damaged the population of one of the
slowest growing trees in the world. The problem has
been partially circumvented by semi-synthesis methods
that utilise similar compounds to taxol, found in the
needles of the yew tree, these compounds are then con-
verted into taxol. Although this produces a renewable
source of taxol, the method allows for little modification
of the taxol skeleton to produce more active anti-cancer
drugs, and results in an extremely expensive treatment
for cancer.

An alternative, the total synthesis of taxol, has been
achieved.2 Over the last two decades, an incredible
amount of time and money has been directed towards
this goal.3 However, any total synthesis of taxol to date
involves over 35 steps, and it is highly unlikely that any
alternative synthesis will involve any less than this num-
ber, due to the complexity of taxol. With this number of
synthetic steps, a total synthesis of taxol is probably not
a commercially viable procedure at this moment.

All current bioactive analogues of taxol result from
modifications of the functional groups on the taxane
skeleton, or modification of the size of the carbon rings
contained within the molecule. Again, in general, taxol
itself is the starting point for such modifications.

The challenge would therefore appear to be to produce
a synthetic non-taxane compound, that mimics taxol, or
more precisely, mimics the molecule that taxol takes on
the role of or interferes with during cell division. This
non-taxane taxol mimic should have equivalent, or bet-
ter, chemotherapeutic properties as taxol. Furthermore,
this synthetic compound should be predisposed to
modification to produce specific compounds for the
treatment of specific cancers. Finally, it would be ext-
remely beneficial if these new compounds could be
producible in a commercially viable manner.

Given the enormity of the challenge presented above
and the associated problems, the logical starting point is
to use taxol as a lead compound. An overall assessment
of previous investigations into the functionality in the
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taxol molecule which lead to its activity as an anti-can-
cer compound, and of various other biological observa-
tions should produce a hypothesis as to mechanism
through which taxol attains its bioactivity. In other
words, we must speculate as to with which biomolecule
taxol has a biosteric and bioelectronic relationship.

Amongst the many cellular functions dependent on
microtublules is the process of cell division. Microtubule
polymerisation from tubulin is disrupted by the pre-
sence of taxol, through its ability to reduce the critical
concentration of tubulin required for spontaneous
assembly. In turn, this leads to cell death.4 Experiments
show that the activity of taxol is dependent on several
conditions. The basic carbon skeleton of taxol must
remain intact, modifications of ring sizes and ring junc-
tion stereochemistry have generally resulted in analo-
gues with reduced activity. There must be an isoserine
side-chain present. If the side-chain is not present, there
is no anti-cancer activity.5 The isoserine side-chain must
contain a free hydroxyl group. Any modification of this
hydroxyl group, for example conversion to an ether, will
greatly reduce the activity of taxol. All other modifi-
cations to the functionality around the taxol skeleton
serve only to vary the activity by a varying degrees.6

Other experiments7 have been carried out which reveal
some interesting connections between taxol and its pos-
sible mode of action. Cells will normally only divide
when guanosine triphosphate 4 (GTP) is present. Cells
with no GTP present, but with taxol present, will com-
mence division and then stop part way through the
process. Removal of the taxol from the cells and repla-
cement of GTP will restart cell division. These three
observations clearly indicate that there is a connection
between taxol and GTP.8

There are other facts which support this connection.10

The tubulin dimer binds two molecules of GTP when
involved in the production of microtubules, which are
essential to cell division.11 One of the GTP binding sites
is on the tubulin,4,9 the other GTP binding site’s
whereabouts is not known. Only GTP bound tubulin
allows polymerization or growth of microtubules and
the known tubulin GTP binding site is not competed for
by taxol. It is thought that taxol binds to the tubulin
and there is no evidence for or against both GTP bind-
ing sites being on the tubulin.

It is known that GTP is always bound to magnesium in
vivo. This binding occurs through two of the oxygen
anions. The binding of magnesium by GTP is essential
to its function in the energy transfer process.7 Perhaps
this is the reason why it is necessary for the free
hydroxyl to be present in the isoserine side-chain. The
hydroxyl group would bind strongly to magnesium, and
the amide nitrogen would also bind to magnesium, but
the binding would be much weaker. Removal or con-
version of the hydroxyl group into other functionality
would greatly reduce the side-chain’s capacity to bind to
magnesium.

The molecular modelling studies10 that we have carried
out have shown that there is a similarity in the size,
shape, electron density and many possibly important
intramolecular distances between taxol and GTP. Some
of the similarities are obvious, such as shape and dis-
tribution of electronegative atoms.

Our required and initial hypothesis is therefore that
taxol acts as a GTP mimic. The basic carbon skeleton of
taxol, with its incumbent functionality, acts as the gua-
nosine section of GTP, and to a degree the isoserine
side-chain acts similarly the triphosphate chain of GTP.
This hypothesis is perhaps further supported when we
study other molecules that have the ability, like taxol, to
stabilize microtubules, although they are totally differ-
ent in chemical structure terms. These molecules are
epothilone,11 sarcodictyin,12 and eleutherobin.13 Mole-
cular modelling of these compounds clearly shows their
similarity to taxol and GTP in their shape and electronic
potential distribution.10

If the hypothesis stated above is in any way correct then
there is a direct and efficient method for achieving our
challenge stated earlier. We have only to take the side-
chain 6a and link it to guanosine 5 to produce hybrid 6
(Scheme 1). Molecule 6 should have the same or similar
2694 J. Howarth et al. / Bioorg. Med. Chem. Lett. 13 (2003) 2693–2697



properties as taxol 1. The advantage here, however,
would be that modification of guanosine and related
nucleosides has been extensively studied and hence the
possibilities for modification of our hybrid molecule 6
to produce tailored anti-cancer compounds are as
equally extensive. Guanosine is a cheap and readily
available chemical, and the isoserine side-chain 6a has
been synthesized several times, by various routes.14

Again, molecular modelling10 of the hybrid molecule 6
shows that it has similar shape and electronic potential
distribution as taxol 1 and GTP 4.
Using the synthesis for the taxol isoserine side-chain put
forward by Sharpless,15 (Scheme 2), we synthesized the
side-chains 9a and 9b in good yield. The guanosine
secondary hydroxyls were protected with the iso-
propylidene functionality16 and then the free NH2 group
was protected with either monomethoxytrityl via the
acetate 10a17 or isobutyryl groups18 to give 10c and 10d
respectively.19

During our initial studies in this area, we synthesized
four precursors, 11a–d, to molecule 619,20 through
Scheme 1.
Scheme 2.
J. Howarth et al. / Bioorg. Med. Chem. Lett. 13 (2003) 2693–2697 2695



coupling side-chain 9a or 9b to 10c or 10d (Scheme 2).
When tested in vitro these molecules show activity
(IC5Os) against the colon cancer cell line SW480. The
cytotoxic assays were performed according to the
microculture MTT method.21 Two compounds, 11a and
11b have IC50s of l52.45 and l9.87 mm, respectively.
Compounds 11c and 11d are also active with IC50s of
221.64 and 192.41 mm, respectively. The IC50 value for
taxol when tested against SW480 is 0.312 mm.21 Tests on
the protected guanosines 10a–d, and protected isoserine
molecules 9a and 9b, before they are coupled to form
11a–d, show no activity against the cell line SW480.

In conclusion, it would appear that taxol may have a
biosteric and bioelectronic relationship to GTP, and
that the hypothesis put forward above has credibility as
shown by the bioactivity that molecules 11a–d possess.
It would not be surprizing that compounds 11a–d are
not as active as taxol against SW40, as C-20 hydroxyl
protected taxols often show significantly reduced activ-
ity compared to taxol.5 However, the real comparison
and proof of concept would need to be supported not
only by cytotoxic assays but also by microtuble (dis)-
assembly assays. It is quite possible that these new GTP
mimics might have cytotoxic effects without any relation
to taxol mode of binding. We are in the process of
carrying out these microtuble (dis)assembly assays.
Alternatively, we have fortuitously combined two com-
ponents, a simple guanosine derivative and a protected
isoserine derivative, to form a new class of molecules
with cytotoxic and possible anti-cancer properties.

In either case, we have produced potentially useful
molecules that are relatively easy to construct, have
wide possibilities for modification, and are compara-
tively cheap to produce. We are currently undertaking
further investigation into these compounds.
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