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Direct, Stereoselective Synthesis of the Protected Paclitaxel (Taxol) Side Chain and

High-yield Transformation to Paclitaxel

Alice M. Kanazawa, Jean-Noél Denis and Andrew E. Greene*
Université Joseph Fourier, Chimie Recherche (LEDSS), BP 53X, 38041 Grenoble Cedex, France

A short, efficient approach to the p-methoxybenzylidene-protected paclitaxel (Taxol) side chain through benzaldehyde
benzoylimine-chiral enolate condensation, followed by DDQ-mediated oxazolidine formation and hydrolysis is
described; the C-7-triethylsilyl derivative of baccatin Il undergoes esterification with this side chain in the presence of
DCC and DMAP to provide after acid hydrolysis paclitaxel in excellent overall yield.

The potential of paclitaxel (Taxol) in cancer chemotherapy
combined with its unique mode of action, unusual structure,
and rich functionality has made it one of the most targeted
compounds for total synthesis within recent memory.!

The elegant total syntheses of this yew tree natural product
recently accomplished by the research groups of Nicolaou?
and Holton? represent landmark achievements in organic
synthesis. Both approaches are relatively short in view of the
complexity of paclitaxel and of potential value for accessing
analogues that might otherwise be difficult to obtain;
however, they are clearly not suitable for a large-scale
preparation of paclitaxel. In fact, it is quite possible, if not
probable, that total synthesis will never be able to rival in
efficiency the 10-desacetylbaccatin III-based partial synthesis
[eqn. (D)}.

The first such synthesis of paclitaxel from 10-desacetylbac-
catin III we disclosed in 1988.4 We now report a substantially
improved approach to paclitaxel based on a new peparation of
the enantiopure side chain in a protected form that leads to a
particularly efficient coupling. This approach would appear to
be competitive with the very best means currently available for
obtaining this highly important natural product.!

The first key reaction in the approach’ was the chiral
enolate-imine condensation shown in eqn. (2). Oppolzer’s
L-(+)-2,10-camphorsultam (2a, Scheme 1), which is readily
prepared and commercially available, was found at the outset
to be an excellent chiral controller for this conversion in terms
of both n-face selectivity and yield. Treatment of N-
(p-methoxybenzyloxyacetyl)-2,10-camphorsultam  2b, ob-
tained in 86% yield from p-methoxybenzyloxyacetic acid
through the acid chloride, in THF at —78 °C first with lithium
bis(trimethylsilyl)amide and then with benzaldehyde N-ben-
zoylimine’f stereoselectively delivered the desired 2R,3S syn
diasterecomer 3 in 68% yield after purification.i None
(<0.5%) of the 25,3R isomer was formed.§ The stereochem-
ical sense of this transformation is that expected from
Oppolzer’s published model in which the Z-enolate is involved
in a highly organized, Li-chelated transition state.®

In that the docetaxel and paclitaxel side chains protected as
1,3-oxazolidines had earlier been shown to undergo the crucial
esterification reaction with baccatin 11 derivatives without
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discernible epimerization,? the p-methoxybenzylidene deriva-
tive 4 was the next targeted intermediate.® Pleasingly,
exposure of 3 to DDQ not only effected cyclization but also
provided excellent selectivity (>99%) at the new dia-
stereogenic centre to give the desired 1,3-oxazolidine 4 in 94%
yield.!0 Interestingly, the related oxazolidine 7 could be
secured through an intermolecular reaction with approxi-
mately equal efficiency [eqn. (3)].1! It is noteworthy that the
particularly mild, essentially neutral conditions of these novel
oxazolidine forming methods result in the production of the
less stable C-2 diastereomer, indicating overall kinetic
control.9-119

Hydrogen peroxide assisted hydrolysis of the sultam amide
4 cleanly effected release of the intact sultam auxiliary and
afforded the p-methoxybenzylidene-protected paclitaxel side
chain 5 in nearly quantitative yield. The protected, esterifica-
tion-ready free acid can thus be stereoselectively secured in
only four steps from Oppolzer's camphorsultam 2a in 52%
overall yield.

The preparation of paclitaxel from this side chain derivative
and the C-7 triethylsilyl derivative of baccatin III 84 was also
highly efficient (Scheme 2). The critical esterification, carried
out in warm toluene in the presence of DCC and DMAP 4
smoothly afforded the protected paclitaxel derivative 9 in 94%
yield after purification. Most significant was that no trace of
any diastereomeric material was formed, which avoided a
tedious chromatographic separation. As we had hoped, dilute
ethanolic hydrochloric acid* served to remove in one opera-
tion both the triethylsilyl and p-methoxybenzylidene protect-
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Scheme 1 Reagents and conditions; i, NaH, toluene, 20 °C, 30 min,
then p-MeOC4H,CH,OCH,COCI, 20 °C, 3 h; ii, LiN(SiMe;),, THF,
~78°C, 20 min, then benzaldehyde N-benzoylimine, —78 °C, 30 min;
iii, DDQ, 3 A molecular sieves, McCN, 20 °C, 51 h; iv, LiOH, H,0,,
THF, H,O0, 0 °C, 25 min, then Na,SO3;, H,0, 0 °C, 5 min
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Scheme 2 Reagents and conditions: i, 5, DCC, toluenc, 20 °C, 5 min,
then 8, DMAP, 75 °C, 18 h; ii, 0.5% HCI-EtOH, 0 °C., 15 h

ing groups in this derivative and delivered pure paclitaxel in
excellent yield.

In summary, the Taxol side chain derivative 5 possessing the
requisite chirality at all three stereogenic centres has been
directly prepared through n-face selective chiral amide
enolate~imine condensation, followed by kinetically con-
trolled oxazolidine ring formation and amide hydrolysis. This
derivative is an outstanding baccatin Il coupling partner for
efficient, epimerization-free production of paclitaxel. Addi-
tional applications of this approach are currently under
investigation.
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Footnotes

+ This imine was also readily and conveniently prepared through a
new procedure’ that involved the w«-amino sulfone derivative
(J. B. F. N. Engberts and J. Strating, Rec. Trav. Chim. Pays-Bas,
1965, 84, 942), which was kindly furnished by Drs P.Léon and D.
Bernard (CRC, Rhone-Poulenc Rorer).

t The stated yields are for the purified, chromatographically
homogeneous substances. All new compounds provided satisfactory
combustion analyses. Selected physical data for key compounds: 3:
[a]p? + 41 (¢ 1.0, CHCl;); 'TH NMR (300 MHz) 6 7.77 (m, 2 H),
7.5-7.2 (m,8H),7.07(d,J9Hz,1H), 6.96 (d, /8.6 Hz,2H), 6.73(d,
J 8.6 Hz, 2 H), 5.74 (pseudo d, J 9 Hz, 1 H), 5.02 (pseudo s, 1 H), 4.35
(ABq,Jap 11 Hz, 8,-8p 116 Hz, 2H), 4.0 (m, 1 H), 3.77 (s, 3H), 3.53
(ABq, Jap 13.8 Hz, ,-05 24.2 Hz, 2 H), 2.1-1.8 (m, 5 H), 1.65-1.20
(m, 2 H), 1.28 (s, 3 H), 0.97 (s, 3 H); mass spectrum (CI) m/z 620
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(MH* + NHs3), 603 (MH™), 517, 466, 233, 210, 154, 137, 121, 105. 4:
[«]p?5 + 60 (c 0.8, CHCl3); *H NMR (200 MHz) 6 7.40-6.40 (m, 15
H), 5.47 (brs, 1 H), 5.30-5.20 (m, 1 H), 3.90-3.70 (m, 1 H), 3.73 (s, 3
H), 3.30 (s, 2 H), 2.20-1.60 (m, 5 H), 1.45-1.07 (m, 2 H), 0.84 (s, 3
H), 0.71 (s, 3 H); mass spectrum (CI) m/z 601 (MH™*), 539, 482, 465,
426, 403, 300, 255, 240, 231. 5: mp 93-95 °C; [«]p?® + 116 (¢ 0.6,
CHCl;); 'H NMR (200 MHz) 6 7.40-7.10 (m, 12 H), 6.84 (d, /8.6 Hz,
2H),6.68(s,1H).5.63(d,/5.1Hz,1H),4.73(d,J5.1Hz,1H),3.78
(s, 3H). 9: mp 174-177 °C; [«]p?5 — 40 (c 1.0, CHCl3); 'H NMR (300
MHz) $ 8.03-8.00 (m, 2 H), 7.64-7.58 (m, 1 H), 7.49-7.44 (m, 2 H),
7.40-7.13 (m, 12 H), 6.80 (deformed d, J 6.5 Hz, 2 H), 6.65 (s, 1 H),
6.38 (s, 1H), 6.15(t,J8.2,9.6 Hz, 1H), 5.62 (d, J 7.1 Hz, 1 H), 4.85
(d, J8.2Hz, 1 H),4.67(d, /6.3 Hz, 1 H), 4.41 (dd, J 6.6,10.5Hz, 1
H), 4.15 (ABq, Jag 8.3 Hz, 8,05 38.7Hz,2 H). 3.71 (d, /7.1 Hz, 1
H), 2.52-2.42 (m, 1 H), 2.17 (s, 3 H), 2.21-2.04 (m, 2 H), 1.90-1.70
(m, 1H),1.79 (s, 3 H), 1.75 (s, 3H). 1.67 (s, 1 H), 1.64 (s, 3H), 1.20
(s,3H), 1.19 (s, 3 H), 0.91 (deformed t, / 7.8, 8.0 Hz, 9 H), 0.60-0.50
(m, 6 H).

§ The R,S + S,R/R,R + §,S diastereoselection (9 : 1) was established
by 'H NMR spectral comparison of the methyl ester obtained from
crude 3 with independently prepared syn and anti samples. The
R,S/S,R diastereoselection (299.5:0.5) was determined by applica-
tion of the Mosher ester technique to the above derivative after
debenzylation (H,, Pd/C, HCIOy (cat.), EtOH).

9§ Thesc products on acid trecatment are largely isomerized to the C-2 §
isomers, which are also predicted by molecular mechanics calculations
to be thermodynamically the more stable. It is important to point out
that p-methoxybenzylidene-protected side chain esters with the R
configuration at C-2 undergo deprotection considerably more rapidly
and cleanly than those with the S.
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