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Abstract: A new route to semisynthetic 2-modified docetaxel analogs is described using eiectrochemical cleavage
of the 2-benzoate as the key reaction. Subsequent reacylation at C-2 followed by sequential deprotections afforded
the title analogs. Biological results of selected 2-docetaxel analogs are presented.

Semisynthetic docetaxel (Taxotere®) 1 and natural paclitaxel (T axol®) 2 are two members of the
taxane diterpenoids family (taxoids)l. These two compounds 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 cancers?. The unique chemical, biochemical® 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 [II by Red-Al
Subsequent semisynthetic work led to the preparation of weakly bioactive paclitaxel analogs with para-
modified benzoyl groups at C-2. More recently Kingston e¢ al.5 obtained new 2-paclitaxel analogs after
initial alkaline hydrolysis of 2',7-bis(triethylsilyl)-paclitaxel under phase-transfer conditions. Finally Ojima e/
al.6 prepared 2-cyclohexanoyloxy-docetaxel by hydrogenolysis while Nicolaou er al.7 synthesized 2-
paclitaxel analogs by acylation of organclithium species by an intermediate 1,2-cyclic carbonate as the key
reaction. Some of these 2-modified paclitaxel analogs have proven highly cytotoxic in vitro. 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
taxoids8.9,10. 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 9p-dihydro-docetaxel. Under the same conditions,
the electroreduction of paclitaxel led only to 10-deacetoxy-paclitaxel while the use of calcium chloride as the
supporting electrolyte allowed 10-dehydroxylation in the docetaxel seriesd. 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 (RyN*) of the supporting electrolyte is involved in the
electraorganic process! 1. Its influence may mainly result from its interaction with the active species formed
at the surface of the cathode. In some cases, using a 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-108, we used more hydrophobic ammonium salts in order to selectively
reduce functional 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. Polarographic studies showed three reduction steps. The first wave (E;,-2.05V vs.
SCE, saturated calomel ¢lectrode) was attributed tc the one-electron reduction of the benzoate group to
form a radical anion species. This wave changed to a two-electron step in the presence of a proton donor.
The preparative electrocHFnﬁcal reduction at a stirred mercury pool cathode and at controlled potential was
performed at E-1.85V vs, SCE, in acetonitrile in the presence of tetracthylammonium tetrafluoroborate and
acetate buffer as the el lytic medium. The electroorganic reaction was stopped after 4.6F/mol of
electricity was passed (theory 4F/mol)12. After work-up, 2-debenzoyl-docetaxel la was obtained in 69%
yield as the sole product of taxoid reduction atong with benzylalcohol formed by further electroreduction of
in sitw generated benzaldehyde.

1, R] =tBu0OCO,R2 = H (docetaxel) 1a, R} =tBuOCO,R2 = H
2, R} = CgHsCO, R2 = Ac (paclitaxel)

Reagents: i) formation of 1a
HCI (0.1M); Reduction poten

1: catholyte: AcOH (0.05M), CH3CN, Et4NBF, (0.1M), EtyNOAc (0.05M); anolyte: MeOH,
: =-1.85V vs. SCE; Qp: 4.6 F/mol.

Providing an exp! ion of the regioselectivity of this electroreduction is rather challenging because of
the compiex phenomena ring in the electrode/solution interfacial region. Our hypothesis is that, unlike
some metallic cations or onium chloride8. 10, hydrophobic ammeonium cations prevent the activation of
the a-hydroxy or a-acetexy-ketone moiety. Tetraalkylammonium cations might favor reduction at the 2-
position of the baccatin care through hydrophobic interactions between the cations adsorbed at the electrode
surface and the docetaxel hydrophobic region. The presence of the benzoate at C-2 in the hydrephobic
region of taxoids has supported by NMR studies: in protic solvents docetaxel, like paclitaxel, tends to
adopt a conformation which is the result of a "hydrophobic collapse”13. This collapse involves hydrophobic
interactions between the benzene ring of the phenylisoserine side-chain, the benzoate group at C-2 and the
acetate at C-4.

In order to prepare new 2-modified analogs of docetaxel, the regioselective reacylation of the hydroxy
function at C-2 required protection of the other functional groups at C-7, C-10 and on the side-chain.
Thus we used the conveniently protected taxoid 5 possessing an oxazolidine-type side-chain at C-13 as
substrate for electroreduetion. Taxoid § is prepared from the baccatin IIT derivative 3 which is easily

esterification of the oxazolidine carboxylic acid 4, possessing a para-methoxy-phenyl (PMP) group at the 2-
position, with the 10-deacetyl-7,10-O-diprotected-baccatin IIT 3 afforded compound 5 in quantitative yield.
The optimized electrochemical reduction of § in a mixture of methanol and acetonitrile in the presence of
tetracthylammonium acetgte and acetate buffer at E-2.0 to -2.05V vs, SCE (5.5F/mole used) gave the 2-
debenzoyl-taxoid 6 in excellent yield. Such conditions allowed us to prepare compound 6 on a 30-g scale
without difficulty. Acylations of 2-hydroxy-taxoid 6 were performed by initial formation of the lithium
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alkoxide foltowed by reaction with various acid chlorides. Cleavage of the protecting groups at C-7, C-2'and

C-3' occurred under acidic conditions without removal of the Boc group?” to give analogs 8.
0

Ba,R' = CHy

OCH,CO
— v

Remgents: i) 3 (1 equiv.), 4 (1.2 equiv.), DCC (L.7S equiv.), DMAP (0.2 equiv.), AcOEL, 20°C, 1.5h. ii) catholyle:
MeOH/CH3CN (1/1), EtyNBF4 (9.IM), EtyNOAc (0.05M), AcOH (0.05M); anolyte: MeOH, H;S04 (0.2N); Reduction
potential: ~2.05V vs. SCE; Qp: 5.5 F/mol. iii) Buli 2 equiv.), THF, -78°C then RCOCI (2 oquiv.), -78°C, 0.5h. iv) HCI
(0.1N), EtOH, 0°C. v) MeOH, Zal; (10 equiv.), 20°C, 1h.

The methoxyacetyl protecting group of the hydroxy function at C-10 was chosen because of its
potentially high lability in the presence of alcohols and zinc salts'$. In our hands this protection at C-10 has

been much more rapidly cleaved than an acetyl group with zinc iodide in methanol19,20,
Table 1 : Yields and biological activities of some C-2 docetaxel analogs (93-f).

entry Substituent isclated yield, % Tubulin assay2] P33822
R Ta-f 8a-f 9a-f ICS50(9)/IC50(1) IC50(9)y/IC50(1)

a m-F-Ph 56 60 60 1.2 095
b m-Cl-Ph 50 55 58 0.75 5.1

¢ m-CF4-Ph 54 41 3¢ 0.7 93

d p-F-Ph 65 69 62 0.8 12.8
e D-MeO-Ph 45 62 26 5 100
£ p-CF.-Ph 42 88 18 50 660

Preliminary biological evaluation of the selected compounds 9a-f revealed cytotoxicities comparable to
docetaxel against P3B8 leukemia cell lines (Table I). Our results confirm the negative effect of modifications
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at the para-position and show a good correlation between cytotoxicity and inhibition of microtubules
disassembly. They reinforce the hypothesis of a rather well-defined demand by the docetaxel receptor on
microtubules for the C-2 éster group.
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