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Abstract:  Two new photoreactive paclitaxel analogs bearing [3H2]-3-(4-benzoyl)phenylpropanoyl group as the 
photophore as well as radiolabeling unit at the 7 and 10 positions, respectively, are developed. These new 
photoreactive analogs showed excellent preliminary results on the photoaffinity labeling of tubulin and P- 
glycoprotein. © 1999 Elsevier Science Ltd. All rights reserved. 

Isolated from the bark of the western yew tree Taxus brevifolia, paclitaxel is a powerful therapeutic drug 

for cancer chemotherapy.1 It exhibits remarkably high cytotoxicity and strong antitumor activity against different 

cancers resistant to existing anticancer drugs. 2,3 In late 1992, paclitaxel was approved by the FDA for the 

treatment of advanced ovarian cancer and, in 1994, for the treatment of breast cancer. It is currently in clinical 

trials for other types of tumors, with encouraging results. 4 

In contrast to other common anticancer drugs, paclitaxel elicits its biological activity through a rather 

unique mechanism. 5 By promoting tubulin assembly and stabilizing the microtubules formed, the drug blocks the 

cell cycle at the mitotic stage, thus inducing cell death. On the molecular level, however, its mechanism of action 

is still uncertain. In order to discover paclitaxel binding site on microtubules, different techniques have been 

employed, including electron crystallography, 6 the use of photoaffinity analogs, 7-19 and of fluorescent probes. 2°- 

21 Recent studies utilizing 3'-(4-azidobenzamido)paclitaxel and 2-(3-azidobenzoyl)paclitaxel as photoaffinity 

analogs have identified the N-terminal 31 amino acids and amino acids 217-231 of ~-tubulin, respectively, as two 

domains of the binding site. 14,18 To further characterize the binding site, new photoaffinity analogs with high 

specificity have to be developed. 

In that respect, we previously reported the synthesis of a pacli taxel analog with 3-(4- 

benzoylphenyl)propanoyl photoprobe at the 3'-position on the side chain (3'-BzDC-paclitaxel, Figure 1 ).22 
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Figure 1. Structures of Paclitaxel (1) and 3'-BzDC-Paclitaxel (2) 
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[3H2]-BzDC-paclitaxel demonstrated excellent photoincorporation into [3-tubulin as well as P-glycoprotein, 

a membrane glycoprotein responsible for the multidrug resistance phenotype in cancer cells. Encouraged by these 

results, we have synthesized two other photoaffinity analogs with the same benzophenone probe attached at the 7- 

and 10-positions on the baccatin moiety. By moving the probe around the scaffold, we thus envision to elucidate 

the three dimensional map of paclitaxel binding site on microtubules and P-glycoprotein. 

The methodology applied to the synthesis of the two new photoreactive paclitaxel analogs involves the 

coupling of an enantiomerically pure ]]-lactam, N-tBOC-3-triisopropylsiloxy-4-phenylazetidin-2-one (4), with a 

suitably protected baccatin, following the standard procedure developed in these laboratories. 23 As shown in 

Scheme 1, the selective protection of the hydroxyl at the 7-position with triethylsilyl chloride and acetylation at the 

10-position afforded 7-TES-baccatin 3. Coupling with 13-1actam 4 and selective removal of the 7-TES group with 

0.1 N HC1 provided 10-acetyl-2'-TIPS-docetaxel 5. The photoprobe was introduced at the 7-position by 

condensation of the 4-benzoylcinnamic acid in the presence of 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide 

hydrochloride (EDC.HC1) and DMAP. The TIPS group at the Z-position was then deprotected with hydrogen 

fluoride in pyridine/acetonitrile, and the tBOC group was removed with trifluoroacetic acid. Finally, benzoylation 

of the 3'-amino group by a Schotten-Baumann procedure afforded 7-modified paclitaxel analog 6. 24 
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S c h e m e  1. (i) TESCI, imidazole, DMF, room temperature, 5 h, 81%; (ii) AcCl, LiHMDS, THF, -40 °C, 30 
min, 91%; (iii) LiHMDS, THF, -40 °C, 30 min, 67 %; (iv) 0.1 N HCI, EtOH, room temperature, 19 h, 67%; 
(v) RCO2H, EDC.HCI, DMAP, CH2CI 2, room temperature, 1.5 h, 75 %; (vi) HF-Pyridine, pyridine/CH3CN, 
0°C to room temperature, 16 h, 88%; (v) TFA, CH2CI2, 0 °C, 15 min, then BzCI, NaHCO3, EtOAc, room 
temperature, 30 min, 67%. 
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The synthesis of the 10-modified analog follows a similar sequence of reactions (Scheme 2). After 

protecting 7-OH by a TES group, the photoprobe was introduced selectively at the 10 position using an activated 
ester of 4-benzoylcinnamic acid to give compound 7. Coupling to ~-lactam 4 and removal of silyl protecting 

groups at 7 and 2' positions with hydrogen fluoride in pyridine/acetonitrile afforded 10-modified docetaxel analog 

8. The 3'-amino group was subsequently deprotected and subjected to benzoylation to give 10-modified paclitaxel 

analog 9. 25 
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Scheme 2. (i) TESCI, imidazole, DMF, room temperature, 5 h, 81%; (ii) N-hydroxyphthalimide ester of 
RCO2 H, LiHMDS, THF, -40 °C, 30 min, 95%; (iii) LiHMDS, THF, -40 °C, 30 min, 79%; (iv) HF-Pyridine, 
pyridine/CH3CN, 0 °C to room te,,iperature, 14 h, 91%; (v) TFA, CH2CI2, 0 °C, 15 rain, then BzCI, NaHCO 3, 
EtOAc, room temperature, 30 min, 61%. 
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Scheme 3. Hydrogenation/tritiation of compounds 6 and 9. 



1192 1. Ojima et al. / Bioorg. Med. Chem. Lett. 9 (1999) 1189-1194 

Both analogs 6 and 9 were hydrogenated in the presence of Wilkinson's catalyst, RhCI(PPh3)3, to give 

the desired photoreactive analogs, 7-BzDC-paclitaxel (10) 26 and 10-BzDC-paclitaxel (11) (Scheme 3). 27 This 

method offers a significant advantage of incorporating radioactivity at the end of the synthesis by replacing 

hydrogen gas with tritium gas. The tritiation of 6 (or 9) was carried out using at 65 °C and ambient pressure of 

pure 3H2 gas in toluene to give the corresponding radioactive analog [3H2]-10 (or [3H2]-11 ) in nearly quantitative 

yield. TLC purification of the product provided [3H2]-10 and [3H2]-11 in a pure form for photoaffinity labeling 

experiments. 28 

The photoaffinity analogs, 10 and 11, were evaluated for their cytotoxicity in human tumor cell lines, 

ovarian carcinoma A121, non-small cell lung carcinoma A549, colon carcinoma HT-29, mammalian breast 

carcinoma MCF7, and doxorubicin-resistant mammalian breast carcinoma MCF7-R as shown below. 29 7- 

Modified analog 10 displayed only slightly lower activity than that of paclitaxel, as expected from previous SAR 

studies, while several fold weaker activity was observed for 10-modified analog 11. 

Taxoid 

A121 a A459 a HT-29 a MCI ~ i" MCFT-R a 

(ovarian) (NSCL) (colon) (breast) (breast) 

paclitaxel 6.1 3.6 3.2 1.7 300 

10 8.8 13 6.5 2.4 450 

1 1 32.8 40.8 40.8 20.7 1541 
aThe concentration of compound that inhibits 50% (IC50, nM) of the growth of 
human tumor cell line after 72 h of drug exposure according to the method 
developed by Skehan et al. 30 

It is worth mentioning that the two analogs were found to behave differently as compared to paclitaxel in 

the microtubule assembly assay (i.e., these analogs do not promote the polymerization of tubulin to microtubules, 

like paclitaxel does) but the analogs do inhibit the disassembly process i f  microtubules are pre-formed (.t)31 

Preliminary study with tritiated analogs 10 and 11 confirmed their incorporation to the ]3-tubulin subunit. 31 The 

results will be published elsewhere. 

Photoaffinity labeling experiments were successfully carried out on P-glycoprotein with the two tritiated 

analogs 2 and 10. 32 Two different domains of photoincorporation were identified, depending on the locale of the 

photoprobe on the paclitaxel skeleton. 32 The results together with competitive binding study with cold material 

strongly imply that there is a specific binding site for paclitaxel on P-glycoprotein. 

In summary, two new photoaffinity analogs of paclitaxel have been prepared, along with their tritiated 

form. Photoaffinity labeling experiments were successfully performed on P-glycoprotein. Photoaffinity labeling 

experiments with tubulin are currently underway and will be reported elsewhere. 
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