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Abstract

A novel and non-radioactive bifunctional photoa�nity probe (BPP) for the study of paclitaxel±micro-
tubules interactions is designed and synthesized. This new BPP-taxoid bears a 3-nitro-5-tri¯uoromethyl-
diazirinyl-phenoxyacetyl group at C-30N for photoa�nity/photocleavage and a biotin subunit at C-7 for
a�nity chromatography. # 2000 Elsevier Science Ltd. All rights reserved.
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Taxol1 (paclitaxel) and taxoteÁ re1 (docetaxel), are extremely important new chemotherapeutic
agents for the treatment of various cancers.1ÿ4 Since the ®rst characterization of paclitaxel in
1971,5 its complex structure, unique mechanism of action,6 and potent antineoplastic activity7,8

have served as the impetus for intensive studies not only in clinical oncology, but also in the wide
range of biomedical research arena. Searching for the three-dimensional biologically active
structures (binding structures) of paclitaxel has been one of the active directions along this line.9

Clarifying the binding site of paclitaxel at microtubules will provide a full understanding of
paclitaxel±microtubule interactions when paclitaxel binds to microtubules, and develop a rational
basis for improving drug design. AlthoughX-ray analysis or electron crystallographymay eventually
provide this information,10 photoa�nity labeling and protein sequencing can provide direct
information about the structure of the drug binding site, and considerable progress has been
made in this area.11,12 Recently, a new and e�cient photoa�nity labeling protocol for ligand/
receptor interaction studies has been developed in these laboratories.13 We describe here the
design and synthesis of a novel photoreactive taxoid as the probe for paclitaxel±microtubule
interactions applying the new protocol.
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As Fig. 1 shows, a bifuntional photoa�nity probe (BPP) with a photoa�nity label (site A) and
a photocleavable moiety (site B) can be used to streamline the frequently tedious photoa�nity
labeling process. The new process will include: (i) the BPP-taxoid is bound to the receptor
(microtubules) and photolyzed; (ii) the receptor is cleaved enzymatically or chemically; (iii) the
crosslinked peptide fragments (with biotin tag) are separated from non-crosslinked ones; (iv)
taxoid is detached from the crosslinked peptides by site B photocleavage; (v) the mixture of peptides
with nitrophenolic marker is sequenced by tandem MS. Tandem MS should be able to directly
sequence the respective peptide fragment at femtomole level without separation of mixture.
Moreover, no radioisotope is required.

In order to assess the e�cacy of the proposed BPP protocol, a novel, bifunctional photoa�nity
probe of paclitaxel with a biotin tag (1, Fig. 2) was designed. The BPP moiety for photoa�nity/
photocleavage, 3-nitro-5-tri¯uoromethyldiazirinyl-phenoxyacetyl group, is connected to the C-30

position, and the biotin tag for a�nity chromatography, is attached to the C-7 position. BPP-taxoid
1 was synthesized through the following three steps: (a) LiHMDS-mediated coupling of modi®ed
baccatin III 4 with b-lactam 3; (b) attachment of biotin tether (9) to the C-7 position of taxoid 6
by a succinyl linkage, and (c) connecting the BPP moiety 14 to the C-30N position of taxoid 12.

(3R,4S)-3-TIPSO-4-phenyl-b-lactam 5 with 96% ee was prepared in excellent yield through a
highly e�cient chiral ester enolate±imine cyclocondensation reaction.14ÿ16 Protection of the N-H
group with Cbz-Cl gave N-Cbz-b-lactam 3. Taxoid 5 was then synthesized using the ring-opening
coupling protocol developed in these laboratories.1,11,14ÿ18 Thus, the couplings of 7-TES-baccatin
(4)19 with b-lactam 3 was carried out to a�ord taxoid 5. 7-TES group was selectively removed by
0.1N HCl/EtOH to give 7-OH-taxoid 6. Treatment of 6 with succinic anhydride in the presence of
Et3N and DMAP a�orded taxoid-acid 7 bearing a monosuccinic acid moiety at the C-7 position
(Scheme 1).

Figure 1. Proposed BPP protocol

Figure 2. Taxoid photoa�nity labeling probe 1
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Alcohol 9 was prepared in two steps from 2-[(2-azidoethoxy)ethoxy]ethanol and biotin p-nitro-
phenol ester,20 which was smoothly coupled with taxoid acid 7 using DCC/DMAP to a�ord
taxoid 10 with a biotin tag. It was found that the Cbz group at the C-30N position cannot be
removed by hydrogenolysis in the presence of the TIPS group at the C-20 position. Thus, TIPS
group was removed ®rst. Hydrogenolysis of the resulting C-20-OH taxoid 11 on Pd±C a�orded
taxoid-amine 13, which is ready for coupling with the BPP moiety (Scheme 2).

BPP-aldehyde 14 was synthesized from 3-allyloxy-5-methyloxycarbonylbenzaldehyde (13)
using the method reported previously.13 Oxidation of aldehyde 14 with Ag2O provided BPP-acid
15. The coupling of BPP-acid 15 with taxoid-amine 12 using EDC/HOBt a�orded desired BPP-
taxoid 121 bearing a biotin tag at C-7 (Scheme 3).

In conclusion, we have designed and synthesized a new bifunctional photoa�nity probe
of paclitaxel for the study of paclitaxel±microtubules interactions based on a non-radioactive

Scheme 1. Synthesis of taxoid-acid 7. Reaction conditions: (i) Cbz-Cl (4 equiv.), Et3N/DMAP, CH2Cl2, re¯ux, 20 h; (ii)

LiHMDS (1.5 equiv.), THF, ^40 to ^30�C, 30 min; (iii) HCl (0.1N), EtOH, rt, 24 h; (iv) succinic anhydride (10 equiv.),
Et3N (excess), DMAP (6 equiv.), CH2Cl2, re¯ux 5 h

Scheme 2. Synthesis of taxoid-amine 12

Scheme 3. Final synthesis of taxoid probe 1
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photoa�nity labeling protocol. The results of photoa�nity experiments with BPP-taxoid probe 1
will be reported in due course.
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