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Abstract—The preparation of two new fluorescent derivatives of paclitaxel in which the fluorophore is bonded to paclitaxel at the
C-10 position is reported. Both analogues, 10-deacetyl-10-(m-aminobenzoyl)paclitaxel (1, BTax) and 10-deacetyl-10-[7-(diethyla-
mino) coumarin-3-carbonyl]paclitaxel (2, CTax) retain good activity as promoters of in vitro tubulin assembly. Microtubule bind-
ing enhances the emission intensity of both probes. © 2001 Elsevier Science Ltd. All rights reserved.

The complex natural product paclitaxel (Taxol®) (3),
first isolated from Taxus brevifolia,' is a member of a
large family of taxane diterpenoids.? Paclitaxel is widely
used to treat solid tumors, particularly those of the
breast and ovaries. The drug exerts its pharmacological
effects by interacting with cellular microtubules.?
Microtubules are primarily composed of tubulin, a 100
kDal heterodimer that reversibly assembles to form the
core of the microtubule. Proper spatial and temporal
control of microtubule dynamics is essential for cellular
homeostasis. Paclitaxel disrupts the dynamic processes
of microtubules by binding to the polymer at a single
site on B-tubulin.*

Fluorescence spectroscopy is a powerful and versatile
tool for the study of biological systems and has been
extensively applied to the study of paclitaxel-micro-
tubule interactions. Small, environmentally sensitive
probes based on the aminobenzoate fluorophore have
been used to explore the local environment of the pacli-
taxel binding site.>® This fluorophore, however, must
be excited with ultraviolet light, which limits its useful-
ness. Probes that are exited by visible light are more
desirable. They are best suited for visualization of
microtubule-bound paclitaxel using fluorescence micro-
scopy and can be easily detected in plate readers. These
structures tend to be large (rhodamine, fluorescein, and
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BODIPY) and their fluorescence emission spectra
are relatively insensitive to their environment. These
fluorophores are most commonly attached to paclitaxel
through the C-7 position,” '3 the most synthetically
accessible site on the ‘northern hemisphere’ of paclitaxel
(C-6—C-12 positions). Structural changes in this portion
of the molecule appear to have less impact on its anti-
microtubule activity than modifications in the ‘southern

hemisphere’.!#

We have been probing the nature of the paclitaxel—
tubulin interaction through synthesis and in vitro bio-
logical investigation of fluorescent paclitaxel derivatives.
In our previous studies, we prepared and investigated
paclitaxels in which the fluorophore is contained in the
‘southern hemisphere’ (i.e., at C-2 and C-3').7% We
chose the less utilized C-10 position to initiate our
investigations into the ‘northern hemisphere’ of pacli-
taxel. Moreover, we chose to use 7-(diethylamino)cou-
marin-3-carboxylic acid as one of the labels. This
fluorophore has not yet been used as a probe for the
paclitaxel-tubulin interaction. Other coumarin deriva-
tives have been used to label paclitaxel, but the resulting
probes had absorption maxima at high energy
(~370nm).'%13 Inclusion of an electron withdrawing
group at the 3-position of 7-(diethylamino)coumarin
yields a probe that is excited by visible light (410-
430nm) and is also environmentally sensitive.'> Repor-
ted herein are the synthesis of two C-10 modified fluor-
escent paclitaxels and their in vitro tubulin binding
properties.
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Results

Synthesis of fluorescent paclitaxels modified at the C-10
position

The sequence leading to the required fluorescent pacli-
taxels is shown in Scheme 1. The known paclitaxel
derivative (4)'® was esterified at the C-10 position with
3-nitrobenzoic acid, employing the carbodiimide-based
coupling protocol to yield the paclitaxel analogue 5.
Concomitant removal of both silyl protecting groups,
followed by hydrogenation, gave the desired amine (1,
BTax) in good yield. CTax (2) was prepared from the
common intermediate 4 by acylation at C-10 as before
utilizing 7-(diethylamino)coumarin-3-carboxylic acid,
followed by simultaneous removal of the protecting
groups.!”

Microtubule activity

The activities of the ligands were assessed by their abil-
ities to induce purified tubulin to assemble in vitro. Both
Btax and CTax were nearly equipotent to paclitaxel in
promoting tubulin assembly, although CTax did not
promote assembly quite as rapidly as paclitaxel (Fig. 1).

The absorption, excitation and emission spectra of the
two fluorescent ligands were obtained in a variety of
solvents and bound to microtubules. The effect of
microtubule binding on the emission spectra of the
compounds is illustrated in Figure 2. The emission
intensity of BTax increased and underwent a small blue
shift upon microtubule binding (Fig. 2A). Since the
absorption maximum of the ligand in buffer is near
320 nm, ultraviolet radiation is required for excitation
of this fluorophore. CTax possesses photochemical
properties that will make it more useful than BTax as a
fluorescent probe. The absorption and emission maxima
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Scheme 1. Synthesis of fluorescent paclitaxel derivatives.
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are both in the visible region of the electromagnetic
spectrum. The emission intensity is very strongly affec-
ted by environmental polarity, while the emission
energy is less so (Table 1). Microtubule binding by
CTax is accompanied by a significant increase in emis-
sion intensity (Fig. 2B). The appearance of fluorescence
coincides with assembly of the protein (Fig. 3), which
further demonstrates that the fluorescence changes that
occur in CTax in the presence of tubulin are due to
microtubule binding.
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Figure 1. Promotion of tubulin assembly by paclitaxel, BTax and
CTax. Tubulin in PMEG buffer (0.1 M Pipes, | mM MgSO,, 2mM
EGTA and 0.1 mM GTP, pH 6.9) was equilibrated to 37°C prior to
addition of the ligand. Assembly was monitored by apparent light
scattering (absorption at 350 nm). Solid curve: 10 uM BTax; dashed
curve: 10 pM paclitaxel. Dash dot dot curve: 5uM paclitaxel; dotted
curve: SpuM CTax.
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Figure 2. Emission spectra of BTax and CTax in the presence and
absence of tubulin. (A) Solid curve: BTax (10 uM) in PMEG buffer
was incubated with 10 uM tubulin at 37°C prior to collection of the
emission spectrum. Dashed curve: Emission spectrum of 10 pM BTax
in PMEG buffer. The excitation wavelength was 320 nm. (B) Solid
curve: CTax (0.4uM) in PMEG buffer was incubated with 5uM
tubulin at 37°C prior to collection of the emission spectrum. Dashed
curve: Emission spectrum of 0.4uM CTax in PMEG buffer. The
excitation wavelength was 420 nm.

Table 1. Absorption and emission maxima and relative emission
intensity of CTax in solvent and bound to microtubules

Solvent Absorption Emission Relative
maximum (nm) maximum (nm) fluorescence
intensity®
Dioxane 413 447 42
Ethyl acetate 415 452 40
Dimethylsulfoxide 427 469 18
Acetonitrile 422 464 1.0
Ethanol 423 461 0.11
Methanol 424 462 0.27
2% DMSO/water 428P 462° 0.06
Microtubules 430° 468 4.84

2For solvents: intensity at emission maximum, normalized to acetoni-
trile value. The absorptivity of the solvent samples at the excitation
wavelength (420 nm) was equal. For microtubules: intensity of bound
drug relative to free drug.

bWithout DMSO cosolvent and at higher concentrations the ligand
undergoes self-association. The absorption maximum of aggregated
samples is 434 nm and the emission maximum is 530 nm.
°Approximate value due to turbidity of microtubule-containing solu-
tion.

dConcentration of free drug at 0.4 uM, concentration of bound drug at
0.4 uM in presence of 5uM tubulin.

The small change in emission energy observed when
BTax and CTax bind to microtubules indicates that the
substituent is solvent accessible. This observation is
consistent with the structure—activity data for C-10
analogues of paclitaxel.!® Based on their spectroscopic
observations, Evangelio et al.!3> and Sengupta et al.®
hypothesized that the C-7 and C-10 position of pacli-
taxel may be in a cationic microenvironment. These
predictions were made before the electron crystal-
lographic structure of tubulin was published.!® It is now
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Figure 3. Promotion of tubulin assembly by CTax. Tubulin (10 uM) in
PMEG buffer was equilibrated to 37°C prior to addition of 10uM
CTax. Assembly was monitored by apparent light scattering (dotted
curve) or by emission at 465nm (solid curve; excitation at 420 nm).

known that tubulin has at least two arginine residues
located on the exterior of the paclitaxel binding site,'”
and at least one of these is in close proximity to the C-7
position of the tubulin-bound ligand.?° The spectro-
scopic data for microtubule-bound Btax and CTax are
also consistent with the presence of a charged amino
acid in close proximity to the fluorophore.

Conclusion

The C-10 position can be used to prepare fluorescent
derivatives of paclitaxel that retain good in vitro
assembly-promoting activity. The small change in emis-
sion intensity when BTax binds to microtubules limits
its utility as a probe. The 7-(diethylamino)coumarin-3-
carbonyl fluorophore, which has not been previously
used to fluorescently label paclitaxel, produces a probe
with many possible utilities. Since the probe can be
excited with visible light, the fluorescent paclitaxel-
microtubule association can be readily observed in
standard plate readers and possibly in live cells. Unlike
the rhodamine and fluorescein paclitaxel derivatives,!3
the emission intensity of the diethylaminocoumarin
fluorophore in CTax undergoes a large change in emis-
sion intensity in upon microtubule binding. Thus,
background fluorescence due to unbound ligand will be
low when CTax is used as a probe.
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