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Abstract: Thesynthesisof thetricyclic ABC ring-system of Taxol®
(paclitaxel) is described. This direct route involves sequential reac-
tions employing the carbometallation of a propargyl acohol, fol-
lowed by a cisakene tether controlled stereoseective
intramolecular Diels-Alder reaction to generate the AB-ring system
and ring closing metathesis (RCM) of the pendant allyl substituents
to construct the C ring.
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Taxol® (paclitaxel) and Taxotere® (docetaxel) are estab-
lished chemotherapeutic agents particularly for treating
ovarian and breast cancer (Figure 1). They are a so useful
for a variety of other cancers as mixed chemotherapy.
These drugs operate by a novel mechanism of action that
differs from other spindle poisons such as vincristine.
Thus taxoids provide a different method to attack cancer
cells. The challenge of total synthesis has been surmount-
ed by six different groups.® However, new efficient strat-
egies are still required if we are to make new analogues
efficiently with better solubility and improved therapeutic
profiles. Consequently, this challenging skeleton contin-
ues to dlicit considerable medicinal and synthetic inter-

R!=Bz, R?=Ac
Docetaxel (Taxotere®) R! = Boc, R?=H

Paclitaxel (Taxol®)

Figure1

We wish to report an extension of our ongoing research
into taxane synthesis® which has evolved into adirect syn-
thesis of the tricyclic ABC ring-system (tricyc-
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10[9.3.1.0%8] pentadecane core) of Taxol® (paclitaxel) via
a carbometallation-cycloaddition-ring closing metathesis
(RCM) sequence. This strategy has arisen from our earlier
studiesin two areas. The carbometallation of propargyl al-
cohols,* and the development of stereoselective Lewis
acid catalyzed and chelation controlled intramolecular
Diels-Alder cycloadditions (IMDA) for eight membered
rings.> With the correct substitution pattern and a cis-al-
kenein the tether cyclization proceeded easily to generate
the AB-ring system by atype 2 cycloaddition.® The Cring
was constructed in a straightforward manner by ring clos-
ing metathesis (RCM). Previous reports have described
(RCM) routes to both the AB” and BC® taxane ring sys-
tems respectively. Our strategy isillustrated retrosynthet-
ically in Scheme 1.

For reasonable biological activity the C7 hydroxyl and
C10 acetate can be omitted without compromising effica-
cy.2° The C9 hydroxyl is not essential but it increases ac-
tivity dlightly, and acts as a useful handle for the
formation of resolvable derivatives'® or the introduction
of solubilizing groups.'* In contrast the C2 benzoate, and
related oxetane substituents on the molecul€’s ‘ southern’
perimeter are more important. With a view to the future
and to take advantage of the rapid AB-ring assembly af-
forded by an intramolecular Diels-Alder strategy, we
elected to employ diene aldehyde E as a source of the fu-
ture C9 oxygen. The propargy! alcohol H contributes the
C2 benzoate. Thus generation of the magnesium chelate F
from the addition of G to H, condensation with the diene
aldehyde E in situ and subsequent elaboration would give
hexaene C. It was anticipated that Lewis acid catalyzed
cycloaddition to the AB-ring system in C would afford a
single diastereomer due to favorable complexation with a
Lewisacid and finally ring closing metathesiswould gen-
erate A.

Our magnesium mediated carbometallation reaction of
propargyl alcohols is a versatile multi-component cou-
pling protocol (dienes, furans, etc.) that may be varied de-
pending upon the synthetic objective and the substrates
employed. The sequential combination of 1 and 2 gener-
ated the magnesium chelate of type F followed by in situ
condensation with aldehyde 3 to afford the diol 4
(Scheme 2). Selective protection of primary acohol with
TBSCI afforded 5, which wastreated with Mel to generate
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Scheme 1 Retrosynthetic analysis for the ABC ring-system of Taxol®

the methoxy ether of the secondary alcohol 6. Deprotec-
tion of the silyl ether with n-Bu,NF released the primary
alcohol 7. Oxidation with IBX/DM SO/THF afforded the
corresponding aldehyde 8. Vinyl Grignard addition to this
aldehyde furnished the vinylic acohol 9 followed by a
second IBX oxidation to provide the Diels—Alder precur-
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Scheme 2 Synthesis of the tricyclic ABC ring-system.

sor 10. Exposure of this o,3-unsaturated ketone to either
diethylaluminum chloride (=78 °C to 22 °C, 10 min) or
boron trifluoride etherate (—78 °C to 22 °C, 2 h) afforded
the AB ring adduct 11, as a single diastereomer with the
C9 methoxy group positioned below the ring. This was
confirmed by the X-ray structure in Figure 2.
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Reagents and conditions: (a) 1 (2.5 equiv), MgCl, (1 equiv), 2 (1 equiv, cyclohexane), reflux 18 h, 3 (1.3 equiv, ether) =78 °C, 1 h, 0°C, 1 h,
22 °C, 1 h, 64%. (b) TBSCI, DMAP, CH,CI,, 22 °C, 6 h, 81%. (c) NaH, Mel, THF, 0 °Cto 22 °C, 6 h, 89%. (d) TBAF, THF, 22 °C, 3 h, 93%.
(e) IBX/DMSO, THF, 0 °C to 22 °C, 3 h, 67-86%. (f) C,H,MgCl, THF, =78 °C, (1 h) to 0 °C (1 h), 60%. (g) BF4:(OEt), (1 equiv) or Et,AICI
(1 equiv), CH,Cl,, 78 °C, 2 h, 70-72%. (h) 11 (0.2 M CH,Cl,), 12 (5 mol%), 22 °C, 2 h, 93%.
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The observed stereoselectivity arose from the chelation
control provided by complexation of the Lewis-acid be-
tween the C2 carbonyl and C9 methoxy substituens asiil-
lustrated in Scheme 3. This forms a seven membered
‘cycloheptene-like' arrangement that appearsto be partic-
ularly favorable and may also be partially stabilized by as-
sociation with the m-system of the double bond to
facilitate achievement of the endo transition state and con-
trol the orientation of the ether group. Related Lewis acid
mediated chelation effects are known to control the selec-
tivity of both intermolecular’* and intramolecular cy-
cloadditions.®®

Exposure of thisdiallyl compound 11 to the Grubbs cata-
lyst 12%2 under mild conditions at room temperature (22
°C, 2 h) afforded the desired ring C diene 13in 93% yield
and completed a concise route to the tricyclic nucleus in
nine steps.

The X-ray structure illustrates the concave nature of this
tricyclic skeleton and the close proximity of the C13 cen-
tre of the A ring with the ring C C4 methylene, akey ste-
reochemical component of paclitaxel. Snyder and co-
workers® have suggested the oxetane ring is not essential,
however a replacement hydrogen bond acceptor is desir-
able. They have also noted that a C3-C8 double bond im-
parts increased rigidity to maintain Taxol®-like activity.
These features are apparent in Figure 2. Consequently, se-
lective functionalization of the C ring may lead to the in-
troduction of therapeutically useful substituents.

Figure2 X-Ray structure of 13.

ELAICI,

10

Scheme 3 Chelation control of IMDA transition state.
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In conclusion, we have established a direct carbometalla-
tion-cycloaddition-ring closing metathesis route to the tri-
cyclic ABC taxane core in which the C ring dieneis quite
stable. The twisted nature of the cyclohexadiene inhibits
itsfacile transformation to an aromatic ring. This suggests
that further functional group manipulation will be feasi-
ble, in order to introduce useful functionality for further
chemical transformations to induce the requisite biologi-
cal activity. In addition, the starting materials are readily
available and our propargyl alcohol based coupling proto-
col can be adapted to avariety of substitution patterns de-
pending upon the synthetic objective.
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