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Abstract: A new route lo semisynthetic Z-modified docetaxel analogs is descrikd using electrochemical cleavage 
of the 2-benzcaie as the key reaction. Subsequent reacylation at C-2 followed by sequential depiotections aiYo&d 
the title analogs. Biological results of selected 2dwetaxel analogs are presented. 

Semisynthetic docetaxel (Taxotere*) 1 and natural paclitaxel (Taxol@) 2 are two members of the 

taxane diterpenoids family (taxoids)l. These two mmpounds are now well-established as clinically active 

anticancer agents, demonstrating potent antitumor activity against different types of human cancers such as 

ovarian, breast and non-small-cell lung cancers2. The unique chemical, biochemical3 and medicinal features 

of taxoids have led to extensive synthetic and medicinal studies. In the course- of structure-activity 

relationship studies on docetaxel, we have prepared a number of new analogs modified on the baccatin 

moiety. 

The role of the C-2 benzoate of paclitaxel has recently been examined by different groups. Chen et al.4 

reported the selective removal of the C-2 benzoate of 7,13-bis(triethylsilyl)-baccatin III by Red-Al. 

Subsequent semisynthetic work led to the preparation of weakly bioactive paclitaxel analogs with puru- 

modified benmyl groups at C-2. More recently Kingston d ~11.5 obtained new 2-paclitaxel analogs afler 

initial alkaline hydrolysis of 2’,7-bis(triethylsilyl)-paclitaxel under phase-transfer conditions. Finally Ojima el 

al.6 prepared Z-cyclohexanoyloxy-docetaxel by hydrogenolysis while Nicolaou et ~1.7 synthesized 2- 

paclitaxel analogs by acylation of organolithium species by an intermediate 1,2-cyclic carbonate as the key 

reaction. Some of these Z-modified pa&axe1 analogs have proven highly cytotoxic in V&Q. These data 

prompted us to disclose our own results in this area. 

We have recently reported the first applications of electrochemistry to effect structural modifications of 

taxoidsVJ0. In these reports we described the electroreduction of docetaxel (in methanol in the presence of 

ammonium chloride) at C-9 to give a mixture of 9a- and 9@-diiydro_docetaxel. Under the same conditions, 

the ekctroreduction of paclitaxel led only to IO-deacetoxy-paclitaxel while the use of calcium chloride as the 

supporting electrolyte allowed lo-dehydroxylation in the docetaxel series8. New electrochemical 

transformations involving the C-7 position have also been disclosed9,10. This communication includes 

complementary electrochemical results. 

In cathodic reduction, the cationic moiety (IQ*) of the supporting electrolyte is involved in the 

electroorganic process1 1. Its influence may mainly result from its interaction with the active species formed 

at the surface of the cathode. In some cases, using 8 different supporting electrolyte leads to a different 

pattern of reaction. Thus, after electroreduction in the presence of ammonium chloride showed regioselective 

reduction of taxoids at C-9 or C-lOB, we used more hydrophobic ammonium salts in order to selectively 

reduce fimctional groups on other parts of the baccatin moiety. 
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We first attempted the direct electroreduction of docetaxel 1 using tetraethylammonium salts as the 

supporting electrolyte. Pqlarographic studies showed three reduction steps. The first wave (Etn-2.OSV vs. 

SCE, saturated calomel &ctrode) was attributed to the one-electron reduction of the benzoate group to 

form a radical anion &es. This wave changed to a two-electron step in the presence of a proton donor. 

The preparative electroc~mical reduction at a stirred mercury pool cathode and at controlled potential was 

performed at E-1.85V in acetonitrile in the presence of tetraethylatnmonium tetrafluoroborate and 

acetate buffer as the el lytic medium. The electroorganic reaction was stopped alter 4.6F/mol of 

electricity was passed ry 4F/mol)l2. After work-up, 2-debenzoyl-docetaxel la was obtained in 69% 

yield as the sole product f taxoid reduction along with henzylalcohol formed by further electroreduction of 

in siti generated benzald 

I, Rl = tBuOC0, R2 = H (docetaxel) 

z 

2, RI = CgH5CQ R2 = AC (paclitaxel) 
la,Rl =tESuOCO,R2 = H 

Reagents: i) form&ion of 18 1:cathdyte: AcOH (O.OSM). CH3CN,E4N3F4 (O.tMj, Et4NOAc (0.05M); snolytc: MeOH, 
HCI (O.l?vl); IL&don poten : -1.8SVvs. ScE,t&:4.6 Fhol. 

ion of the regioselectivity of this electroreduction is rather challenging because of 

the complex phenomena ring in the electrode/solution interfacial region. Our hypothesis is that, unlike 

sonac metallic cations or m chloride% 10, hydrophobic ammonium cations prevent the activation of 

the a-hydroxy or a- etone moiety. Tetraaikylammonium cations might favor reduction at the 2- 

position of the baccatin through hydrophobic interactions between the cations adsorbed at the electrode 

mce and the d hydrophobic region. The presence of the benzoate at C-2 in the hydrophobic 

region of taxoids has supported by NMR studies: in protic solvents docetaxel, like paclitaxel, tends to 

adopt a wnformation w is the result of a “hydrophobic collapse”l3. This collapse involves hydrophobic 

interactions between th nzene ring of the phenylisoserine side-chain, the benzoate group at C-2 and the 

acetate at C-4. 

In order to prepare pew 2-moditied analogs of docetaxel, the regioselective reacylatian of the hydroxy 

fbnctibn at C-Z required protection of the other functional groups at C-7, C-10 and on the side-chain. 

Thus we used the conv ntly protected taxoid 5 possessing an oxazolidine-type side-chain at C- I3 as 

substrate for elect on. Taxoid 5 is prepared from the baccatin III derivative 3 which is easily 

obtained f?om to- baccatin III by analogy to Greene’s work14J5. Using standard conditionsIb, 

ester&&on of the 0x82. UE carhoxylic acid 4, possessing apu-methoxy-phenyl (PMP) group at the 2- 

position, with the 10-d yl-7,1O-0-diprotected-baccatin III 3 afforded compound 5 in quantitative yield. 

The optimized electroch cal reduction of 5 in a mixture of methanol and acetonitrile in the presence of 

tetraethylammonium acet acetate buffer at E-2.0 to -2.05V vs. SCE (S.SFImole used) gave the 2- 

debe-nzoyl-taxoid 6 in ex lent yield. Such conditions allowed us to prepare compound 6 on a 30-g scale 

without difficulty. Z-hydroxy-taxoid 6 were performed by initial formation of the lithium 
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&oxide FoI~wxI by reaction with various acid chlorides. Cleavage of the protecting groups at C-7, C-2’ and 

C-3’ occurred under acidic conditicms without removal of the Boc grounds to give analogs 8. 

5 

i?mgents: i) 3 (I equiv.). 4 (1.2 e&v.). DCC (1.75 Apia.), DMAF (0.2 equiv.). AcClEt. ZWC, 1.5h. ii) cdmlyk: 
Me0Hr’CH3CN U/l). Et4NBF4 (O.lM). &NOAc (O.OSM). AcOH (O.OSM): anolyte: MeOH, H$O4 (0.2N); Reduction 
ptedial: -2.05V vs. SCE; &: 5.5 Rmd. iii) BuLi (2 equiv.), THF, -78T then R&Xl (2 cquiv.), -78*C, 0.5h. iv) HCI 
(O.lN). Etoq 0°C. v) MeQH, alI (IO qliv.1, ZDT, Ill. 

The rnethoxyacetyl protecting mup of the hydraxy function at C-10 was chosen because of its 

potentially high lability in the presence of alcohols and zinc tits Is. In our bands this protection at c- 10 has 

fxen much more rapidly cleaved than an acetyl group with zinc iodide in metbanollgJO. 

Table I : Yields md biological activitia of Borne C-2 docetaxel analogs (9~f). 
entry Substituent is&ted yield, % Tubulin assay2 1 P38822 

R 7sf aa-f 9&-f rcSo~9yIcSo~l) Ic5of9yTc~o(1) 

: 

m-F-Ph 
mCI-PR :: 4: 

60 1.2 095 

58 0.75 5.1 

ii 
m-CF3-Ph 54 41 30 0.7 9.3 

p-F-Ph 65 69 62 0.8 12.8 
e pMeO-Ph 45 62 26 100 
f p-CFq-Ph 42 38 18 5’0 660 

Preliminary biological evaluation of the se&ted compounds 9a-f revealed cytotoxicities comparable to 

docetaxel against P3B3 leukemia cell lines (Table I). Our results confirm the negative efbct of modifkations 



at the para-position and’ show a good correlation between cytotoxicity and inhibition of microtubules 

disassembly. They reinfohe the hypothesis of a rather well-defined demand by the docetaxel receptor on 

microtubules for the C-2 $ster group. 
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