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Scheme 1 The semi-synthesis of taxol analogues from modified side chains and protected baccatin Iil

oy O Osikt,

(i) NaH
(i) HF

éAc

OBz 682

B-lactam side chain 7-triethylsilylbaccatin Il (6) General structure of a series
precursor (5) of taxol analogues (7)
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A = EDsy/EDsqtaxol), microtubule assembly
B = EDs5o/EDsqgpaxol), Cytotoxicity against B16 melanoma cells
EDsg IS the dose of a drug that produces 50% of its maximum effect

Fig 2. Structure-activity relationships of taxol analogues with
general structure (7)
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Taxol and related compounds
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Prodrugs of taxol

BzNH 0O
Ph‘/\:)J\O'“--
OH _
HO ? ol
OBz
A water-soluble prodrug of taxol (8)

HO
e p-lactamase

Protax (9), a B-lactam based prodrug of taxol
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Table 1. The
development of taxol
as an anti-cancer drug

1962-66

1983-90

1991

1991-95

US National Cancer Institute
(NCI) programme of natural
product screening for
cytotoxicity and anti-
leukaemia activity

Pure taxol isolated

Wani and Wall report the
anti-leukaemic properties of
taxol

Susan Horwitz reports that
taxol stimulates microtubule
assembly

Phase | and Il clinical trials
for all types of cancer —
most favourable results
obtained for breast and
ovarian cancer

US NCl initiative to develop
taxol as an anti-cancer drug

Further extensive hospital
trials and application for US
Federal Drug Administration
approval

The first total syntheses of
taxol by Nicolaou and
Holton

www.unav.es
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All plant and animal cells that have a nu-
cleus (eukaryotic cells) contain a protein
called tubulin. Tubulin has many functions
in the cell which arise from its property of
polymerising to form microtubules. For
most of the cell’s life, these microtubules
are a kind of cell skeleton and make up the
organs of movement. However, when cell
division is about to take place micro-
tubules depolymerise back to tubulin and
re-polymerise to form the spindle of cell
division (see Fig). The function of this spin-
dle is to push apart the two new cells that
are formed from the original cell and to
act as a framework on which the chromo-
somes of the original cell are distributed
from the nucleus of the original cell to the
nuclei of the daughter cells.

Most ordinary body cells divide only very
infrequently; cancer cells on the other
hand divide very rapidly, producing layers
of cells that ultimately form lumps and tu-
mours. One of the major differences be-
tween normal cells and dividing cells is the
function of the tubulin. Many cancer

chemotherapy agents, for example vin-
cristine, vinblastine, podophylotoxin and
maytansine, act as spindle poisons and
prevent the formation of a normal spindle
in cell division.

Taxol, however, has a rather different
mode of action. In 1979 Susan Horwitz
from Albert Einstein College, New York,
showed that taxol stimulates the forma-
tion of microtubules and prevents their
breakdown.'® Although at first it might
seem strange that substances that prevent
the spindle from forming, and those that

stimulate its formation both have anti-

cancer activity, any interference with the
fine tubulin-microtubule balance prevents
normal cell division taking place. Cancer
cells are more strongly affected because
they are dividing more often and this pro-
duces the observed anti-cancer activity.

polymerisation in the formation and
breakdown of the spindle in cell divi-
sion
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Microtubule L &% Microtubule

depolymerisation D polymerisation

Spindle disassembly by Spindle assembly by
microtubule depolymerisation microtubule polymerisation
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