Chemistry Letters 1995

781

An Asymmetric Synthesis of the Fully Functionalized AB Ring System of 12-Demethyltaxol
via Successive Stereoselective Allylation and Intramolecular Aldol Reactions
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Optically active 9-t-butyldiphenylsiloxy-11,11-dimethyl-5-
methoxymethoxy-1,2,6-tribenzyloxybicyclo[5.3.1]undec-3,7-
diene (12) was synthesized from diketone 9 via an intramolecular
aldol reaction. The diketone 9 was synthesized from 7-t-
butyldimethylsiloxy-4,8-dibenzyloxy-6,6-dimethyl-5- p-methoxy-
benzyloxy-2-cycloocten-1-one (1) by way of a two-step sequence
using diastereoselective allylation with allylmagnesium bromide
followed by Wacker oxidation.

In previous communications, a stereoselective synthesis of
optically active 8-membered ring enone 1, a potential synthetic
intermediate for taxol, including a novel synthetic strategy
towards taxol was described.1,2 Furthermore, the synthesis of
AB ring model of taxol was achieved via allylation of a 8-
membered ring compound followed by intramolecular aldol
condensation.3 Now, an asymmetric synthesis of the fully
functionalized AB ring system of 12-demethyltaxol is described as
a part of a total synthesis of taxol.
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Scheme 1.

Since 8-membered ring enone 1 is a mixture of two slowly
interconverting conformational isomers as shown in previous
communication,2 its transformation to a conformationally rigid
derivative was first examined. When 1 was treated with DIBAL
in CH,Cly, a mixture of two diastereomers was obtained in 70%
yield with moderate stereoselectivity (75 /25). Interestingly, the
IH NMR of the methoxymethyl ether of 2a derived from the
major stereoisomer shows that it has only one conformation at
room temperature in CDCl3, whereas the other stereoisomer 2b
has broadened spectra. Calculation of the ground state energy of
2a by MM2 suggests that it has lesser transannular strain than:
stereoisomer 2b.4 Therefore, it was planned to utilize 2a as a
starting substrate for constructing the AB ring system of taxol.
By screening several reducing reagents, a highly stereoselective
reduction was found when L-Selectride was used in THF at -45
°C (98%, a-alcohol only). B,y-Unsaturated ketone 3 was
obtained by DDQ oxidation of 2a followed by oxidation using
Dess-Martin periodinane.5 When the oxidation was carried out
by Swem’s procedure, on the other hand, bicyclic hemiketal 4
was produced as a by-product. The relative stereochemistry of 3
was assigned from the IH NMR of the transformed product 4.

In the model study, it was revealed that successive allylation
and Wacker oxidation of the 8-membered ring ketone were most
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a) L-Selectride, THF, -78 °C to -45 °C (98%); MOMC], i-Pr,NEt,
DMAP, CH,Cl,, 40 °C (95%); b) DDQ, H,0, CH,Cl, 1.t. (99%);
Dess-Martin periodinane, NaHCO3, CH,Cly, r.t. (96%, 3 only);

¢) allylMgBr, Et,0, -78 °C to -45 °C (82%); d) TBAF, THF, .. (100%);
PhCH(OMe),,CSA, benzene, azeotrope (100%); ¢) DIBAL, CH,Cl,,

23 °C0 0 °C (87%); PDC, CH,Cl,, r.1. (100%); f) PdCl,, CuCl, O,,
H,0, DMF, r.t. (84%).
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effective for construction of the AB ring skeleton of taxol.3
Conformational analysis of f,y-unsaturated ketone 3 by IH NMR
and MM2 calculation showed that 3 has the chair-boat form as
shown in Scheme 2, and therefore it was anticipated that the
desired a-face selective allylation would take place smoothly. In
actual fact, allylation of 3 with allylmagnesium bromide afforded
homoallyl alcohol 5 in high yield with good diastereoselectivity
(98%, a-face / P-face = 84 / 16). Deprotection of silyl ether 5
gave the cis-diol in quantitative yield, however, the cyclic silyl
ether 6 was not obtained under the conditions used in the model
synthesis of the AB ring system.3 On the other hand, treatment
of the cis-diol with benzaldehyde dimethylacetal in the presence of
a catalytic amount of camphorsulfonic acid afforded a single
benzylidene derivative 7 in quantitative yield under standard
reaction conditions.6 The IH NMR of 7 and MM2 calculation of
the conformation indicate that 7 has a rigid bicyclic structure as
shown in Scheme 2. Comparing the environments of the oxygen
atoms at the C-1 and C-7 positions, the C-1 oxygen atom is
located inside of the 8-membered ring skeleton of 7. Therefore, it
was considered that reductive cleavage of the bond between C-7
and oxygen would take place chemoselectively in the presence of
Lewis acid because the oxygen atom at the C-1 position is
effectively shielded.” As expected, the desired reductive cleavage
of the benzylidene derivative 7 proceeded with almost perfect
chemoselectivity to give secondary alcohol in 87% yield. y,3-
Unsaturated ketone 8 was obtained in high yield by oxidation of
the alcohol with PDC, and diketone 9, a precursor of the AB ring
system of 12-demethyltaxol, was prepared by successive Wacker
oxidation according to the same procedure examined in the model
synthesis.3

Next, intramolecular aldo] condensation of the diketone 9 was
tried in order to produce the desired o,f-unsaturated ketone 11
directly from 9 under ordinary reaction conditions. However, in
the case of substrate 9, the corresponding aldol 10 was
unexpectedly isolated on treatment with LHMDS and HMPA
combined system. The aldol 10 was stable at room temperature
and spontaneous dehydration of 10 did not proceed atall. On the
other hand, facile dehydration of 10 was achieved using Burgess’
reagent to afford 11 in high yie]d.8 Successive reduction of 11
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a) LHMDS, THF, -100 °C to -78 °C; then HMPA, -35 °C (92% based on
40% conversion); b) Burgess' reagent, benzene, 50 °C (84%);
c) DIBAL, CH,;Cl,, 0 °C (100%); TBDPSOTH, pyridine, 0 °C (66%).

Scheme 3.
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by DIBAL, and silylation by t-butyldiphenylsilyl triflate in
pyridine produced the desired silyl ether 12, which corresponds
to the fully functionalized AB ring system of 12-demethyltaxol.?

It is noteworthy that optically active 12 was synthesized in
high yield from 8-membered ring enone 1 via successive highly
stereoselective allylation and intramolecular aldol reactions.
Further studies on the effective synthesis of the ABC ring system
of taxol using the bicyclic compound 12 are now in progress.
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