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Ab#@et: The elecanlhamicst duction of712&da docetaxel at E-1.3V vs. SCE in melhanoi in the p&x%xx of 

Mhium chMdc and hyd~~hloric acid leads predominanUy to 7deoxydocetaxe~P. When the electrmeduetion is 
a~xukcWl at E-1.7V vs. SCB in the presence of sodium acetab and acetic acid, the cycloptoPanolconiaining 
tarodd 10 is formed in good yield. Electrochemical reduction of 7deoxydacetaxel at C-10 is ah repanel. All 

these doWaxe analogs Main Mological activity. 

Pacli~axel {Taxol@, 1) and its ~~th~i~ analog docetaxel (Taxotere@, 2) are barfly unique 

taxane dkrpenoids (taxoids)l which contke to be the subject of intensive interest because of their new 

mechanism of action2 and their clinical activity3. Pa&axe1 is currently marketed in several countries for 

treatment of retietory ovarian cancer wtdle docetaxek in phase II clinical trials, exhibits encouraging, results 

for the truant of breast and lung cancers. 

1, RI= CgHgCO, IQ = AC (paclitaxel, Taxol@) 

2, R1 = tBuoC0, R2 = H (d~et~e~, T~otere~) 

As part of our re!search program toward new generation taxoids we focused our ei3”orts on the role of 

the hydr~p~l~c alias of the bxxatin moiety. Recently two di~ent groups reported that 7deoxy- 

pa&axe1 is identical to pa&axe1 in its cytotoxicity to the human colon carcinoma cell line HCT1164. 

Moreover lo-deoxy-docetaxel showed slightly better in vilra cytotoxicity than docetaxel against this same 

cell line5 and against P388 leukemia cell&7 while 7,1Odideoxy-paclitaxel proved to be slightly less active 

than pa&i&x&W. On the basis of these data, it appears that the C-7 hydmxyl and C-IO hydroxyl (or C-IO 

acetoxy) groups of taxoids have only a secondary &ect on the activity. 

The first applications of electrochemistry to the taxoids series have recently been reported by our 

group7. In this report we described the electmreduction of docetaxel in methanol in the presence of 

ammonium chloride which led to 9a- and 9pdihydro4ocetaxel. Under the same conditions, the 

electrochemical reduction of pa&axe1 gave l~~~o~-p~lit~~ while reduction in the presence of 
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calcium chloride favored IOdehydroxylation in the docetaxel series. In this communication we wish to 

q~ort complementary elc#rochemical results. 

As part of tiher inWtigations on the fbnctional modifications of taxoids, we attempted the reduction 

of 7cl-iododocetaxel 8 pvith the aim of preparing 7-deoxy-docetaxel. The 7a-halo-compound is easily 

accessible as depicted beldw. Using standard condition@, esterification of the oxazolidine carboxylic acid 4 

with 7.WdiTroc-baccatiq III 3 followed by cleavage of the Trot (2,2,2-trichloroethowycarbanyl) groups 

with zinc in acetic M-deacetyl-baccatin III derivative 5. Triflation of 5 led 

to the 7@iflate 6 in go yieldlo. Nucleophilic displacement of the tri&oromethanesulfonate group with 

sodium iodide gave 7c&do-derivative 7 again in good yield. Using a previously related 

sequenceg, cleavage of th oxazolidine-type protection of the phenylisoserine. side-chain occurred in formic 

acid with concomitant r oval of the Boc group. The intermediate amino derivative was reacylated with 
@oc)20 to give 7a-iodo-&xetaxel $. 
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Reagents: i) 3 (1 equiv.), 4 (3 .}, DCC (3 equiv.), DMAF’ (0.2 quiv.), toluene, 2oOC, 1.5h. ii) Zn powder {excess), AcOH. 
to OT. iv) NaI (sxccss). TIIF, CH3CN. 20°C. v) HCOOH, 
(27%) + 10 (33%) : ca4holyk: M&OH. LiCl (O.lM), HCI 

potenti& -1.W vs. SCE; QF: E F/m& b) specific formation of 10 (75%): 
catholytc: MeoH, AcONa (0.1 .4&H (0. WI); anolytc: M&XI, AdJNa (0.1&l), AcOH (0. WI); Reduction poten+iak -1.7V vs. 
SCE; QF: 4.0 F/mol. 
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Electrochemical reduction of 8 was attempted under different conditions afk initial polarographic 

studies showed two main reduction steps. The electrochemical reduction at a stirred mercury pool cathode 

and at controlled potential was performed at the first step potential, i.e. at E-1.3V vs. SCE (saturated 

calomel electrode), in methanol in the presence of lithium chloride and acetic acid as the elcctr~lytic medium 

The ekctrcxxganic reaction was stopped after &P/m01 of electricity was passed1 *. After work-up, the 

expected 7&oq-docetaxel9 was obtaind in 27% yieid along with another reduction pr&ct. From NMR 

analysis, we found this new product to be the cyclopropanol-containing docetaxel analog 1010 (33% yield). 

When the reduction was conducted at the second step potential, i.e. at E- 1.7V vs. SCE, and under leas acidic 

conditions in methanol in the presence of sodium acetate and acetic acid, the cyclopropanol moiety was 

tbrmed in good yield (75% yield). Thus it turns out that this cyclopropanol derivative is preferentially formed 

at the second reduction step under buffered mnditions which might f&or the intramolecular cyclization of 

anionic species obtained after two-electmn transfer and cleavage of the carbon-halogen bondl2pt3. 

Ring opening of cyclopropanols under acidic conditions to give keto-alkanes is well documen@cl14. We 

attempted such a rearrangement with compound 10. In the presence of hydrochloric acid 10 is =gd 
within 24 hours at room temperature to give 7-deoxy-docetaxel9l~~l~. 

Rag&s: i) HCI 6N, A&Et, 2OaC, 24h, ii) catlmlytc: MWH, C&12 (O.OSM); analyte: MeUI-I, HCl (O.&f); Reduction 
patenti& -1.9V vs. SCE, QF: 16.4 F/mol. 

Based on our previous results7, access to products of Mher electrochemical reduction of 7-deoxy- 

docetaxel looked conceivable. Thus the additional removal of the hydroxy group at C-10 was attempted in 

methanol in the presence of CaCl2 as the eIectrolytic medium. Electroreduction at E- 1.90V vs. SCE 

(164Flmole used) led to the desired 7, I0-dideoxydocetaxel1140 (44% yield). 

AU of these reduced-taxoids have been biologically evaluated in in vitro experimental models. As 

previously reporteda-6.8, compounds 9 and 11 retain high levels of cytotoxicity in vitro against P388 

leukemia cells17 (IC5~(9)/IC50(2) = 0.95 and IC5o(ll)/IC50(2) = 8). Taxoid 10 is as cytotoxic as 11 with 

K&(lO)flC50(2) = 8.25. These three analogs of docetaxel are also excellent inhibitors of the disassembly of 

microtubulesl~ {IC5o values: 0.8T (9), 1.3T (lo), IT (ll), T being the LC50 value for paclitaxel in the same 

assay; ICso for d ocetaxel is 0.64T). 
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This new application of selective electrochemical reduction to the taxane skeleton reinforces the 

potential of this methodoldgy in natural product chemistry. Complementaty results wifi be reported shortly. 

A&wwk&emeents: We t nk Dr. M. Vuilhorgne and ~011. for structural anaiyses, Drs. C. Combeau, J.F. 
Riou, M-C. Bissety, P. 

5 

rignaud and P. Lavelle for biological evaluation and Dr. D. Deprez for fruitI% 
discussions. We are also Y indebted to Dr. C.J, Burns for critical reading of the manuscript. 
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