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Abstract: An efficient and regioselective method for the N-debenzoylation of paclitaxel has been developed, and has
been applied to the conversion of paclitaxel to 10-acetyldocetaxel and to docetaxel. © 1998 Eisevier Science Ltd. All
rights reserved.

Paclitaxel (Taxol® 1) and its semisynthetic analog docetaxel (Taxotcre® 2) are among the most important
new anticancer agents of this decade.!.2 Although both paclitaxel and docetaxel can be made semisynthetically
from 10-deacetylbaccatin III (10-DAB, 3),3 paclitaxel continues to be isolated from Taxus brevifolia and from
other Taxus species, and a direct method for the conversion of paclitaxel to docetaxel is thus of potential interest
as an alternate source of the latter substance. Although selective cleavages of ester functions at the C-2,5 C-4,6
C-10,7 and C-138 positions have been reported, no reports have appeared on the selective cleavage of the N-
benzoyl amide group at the 3'-N position of paclitaxel. The only selective N-acyl cleavage that has been reported
is of the N-tigloy! group of cephalomannine, which relies on the presence of the double bond to initiate selective
reaction.® In our continuing studies of the chemistry of paclitaxel, we have now discovered a method for its
regiospecific N-debenzoylation, and thus for a direct method for the conversion of paclitaxel to 10-
acetyldocetaxel and thence to docetaxel.

Paciitaxel 1 Ry =Ph, Rz=Ac 10-Deacetylbaccatin [l 3 Ry =Rz=H
Docetaxel 2 Ry ='Bu0, Ry=H 7-(Triethylsilyl)baccatin il 10 Ry = Ac, Ry = SiEty

In a previous attempt to debenzoylate the N-benzoyl group of paclitaxel, we prepared its 2',7,N-tri-O-(tert-
butyloxycarbonyl) derivative.!0 This was expected to undergo selective N-debenzoylation, since selective
deacylation of simple N-tert-butoxycarbonyl-N-acyl imides normally occurs under basic conditions to give N-
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deacyl-N-tert-butoxycarbonyl derivatives.!! Surprisingly, it was found instead to undergo selective
debenzoylation at C-2, and thus provided our first route for the synthesis of 2-acylpaclitaxel analogs.10

Since there appeared to be no obvious reason why selective N-deacylation of a suitable N-rerr-
butoxycarbony! derivative of paclitaxel should not be achievable, given the right conditions, we investigated the
preparation and selective cleavage of other N-tert-butoxycarbonylpaclitaxels. Treatment of paclitaxel (1) with
benzylchloroformate and dimethylaminopyridine (DMAP) in dichloromethane, followed by addition of

chlorotriethylsilane and imidazole, gave the 2',7-O-protected derivative 4 in 95% yield in a one-pot reaction.
(Scheme).

P
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(i) ((BUOCO),0, DMAP, MeCN, 1t, 24 h, 5, 61%; 6, 21%. (ii) CDClg, 1t, 2-3 h, 98%. (iii) Mg(OMe)2, MeOH, rt, 1
h, 75%. (iv) HF-Pyridine, THF, rt, 2 h, 91%. (v) Hy02, NaHCOg, THF, tt, 16 h, 75%.

Scheme Preparation of docetaxel from paclitaxel

Treatment of 4 with di-tert-butyl dicarbonate and DMAP in acetonitrile led to formation of the N-protected
compounds 5 and 6.2 Compound 5 was found to be very labile to acid, and it was converted to 6 on standing
in the presence of slightly acidic CHCI; for 2-3 hr; the overall yield for the conversion of 4 to 6 was 86%. Our
proposed mechanism for the formation of 5 from 4 is shown in the Figure. Presumably the initially formed
acetal ester 9 decomposes with the loss of carbon dioxide and tert-butoxide ion under the experimental
conditions, and the resulting oxonium ion is trapped by tert-butoxide ion to give 5. The formation of similar
cyclic benzylidene acetal derivatives of paclitaxel has been reported previously.!?
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Figure

Debenzoylation of 6 was achieved using magnesium methoxide in methanol}4 to give 7-O-triethylsilyl-10-
acetyldocetaxel (7); In contrast to the reaction observed with LiOH, 19 selective N-debenzoylation could be
achieved to give 7 in 72-75% isolated yield based on unrecovered starting material. The reaction requires careful
monitoring to avoid the formation of the overmethanolysed product 7-O-triethylsilylbaccatin III (10); optimum
conditions required the use of 20 equivalents of magnesium methoxide in MeOH at room temperature, and
afforded 7 together with 10 and 10-acetyl-2-debenzoyl-7-O-triethylsilyldocetaxel as minor by-products. The 1H
NMR spectrum of compound 7 showed a downfield shift of the C-2' proton from 5.85 to 4.62 ppm and the
appearance of the C-2' OH and NH doublets at 3.33 and 5.26 ppm respectively, indicating that Mg(OMe), had
methanolysed both the N-benzoyl and the 2'-O-Cbz groups in a single step. It is probable that methanolysis of
the 2'-0-Cbz group occurs first, and that the free 2'-OH group then allows bis-complexation of magnesium ion
and thus selective activation of the N-benzoyl group. In support of this hypothesis, only 2-O-debenzoylation
was observed when the 2'-OH group was protected. !0

7-Triethylsilyl-10-acetyldocetaxel 7 was deprotected using HF-pyridine to give 10-acetyldocetaxel 8 in
91% yield, identical with a sample synthesized by coupling (2R,3S)-N-tert-butoxycarbonyl-3-O-tri-
isopropylsilyl-4-phenylazetidin-2-one and 7-triethylsilylbaccatin I 10.13 The conversion of 10-acetyldocetaxel
to docetaxel 2 was carried out in 75% yield using hydrogen peroxide and sodium bicarbonate in THF as
previously described.!6

In conclusion, the method described provides a regioselective N-debenzoylation of paclitaxel. The method
described is the first N-debenzoylation method reported for paclitaxel, and it is used for the conversion of
paclitaxel to 10-acetyldocetaxel in 52% overall yield and for the conversion of paclitaxel to docetaxel in 39%
overall yield.
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