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Abstract: Ketone 9 was synthesized in 7 steps from commercially
available 2-methylcyclohexane-1,3-dione in a diastereoselective
fashion.! Shapiro reaction of easily available trisylhydrazone 11
with benzal dehyde was used as amodel for A- and C-ring coupling.
Finally, reaction of trisylhydrazone 24 with A-ring adehyde 4, un-
der carefully controlled conditions, gave seco-taxane 27 with high
diastereosel ectivity for the diol moiety.
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Due to their novel mode of action and complex structure
aswell astheir low natural availability, taxol® 12 and tax-
otere® 2,° two potent antitumor agents, remain of great
synthetic interest for organic chemists. At thistime six to-
tal syntheses of taxol* and some synthetic approaches
have been reported in several reviews.®> Our convergent
synthetic approach towards taxol is based on the prepara-
tion of the seco-taxane 3 by coupling A and C-rings. B-
ring closure is envisaged from 3 through a metathesis
reaction® or a vinyl-vinyl coupling reaction (Scheme 1).”

6H HO @Gz OAc Y

1 Taxol (paclitaxel) R! = CgHsCO, R? = Ac o
2 Taxotere (docetaxel) R!=t-BuOCO, R2=H

Scheme 1

In afirst route, we synthesized compound 6 by coupling
aldehyde 4 and vinyllithium derivative 5 derived from the
corresponding vinyl bromide (Scheme 2).2 To our sur-
prise, this reaction was highly diastereoselective and de-
livered 6 as only one diastereomer (>95:5 by *H NMR)
after protection of the diol system. Unfortunately, at-
tempts to introduce the vinylic chain on the C-ring via
conjugate additions of cuprates to enone derivative 6
failed to produce seco-taxane 7.

Scheme 2

In order to get around the 1,4-addition at this stage of the
synthesis, we decided to prepare a C-ring moiety encom-
passing the required vinylic function (Scheme 3). Vinyl-
lithium intermediate 8 could arise from ketone 9 either
directly under the Shapiro conditions® or via the corre-
sponding bromide or iodide. To test the feasibility of the
transformation from 9 to 8, we used ketone 10 (which is
an intermediate in the synthesis of 4)” as areadily avail-
able model (Scheme 3). Trisylhydrazone 11 was obtained
in 92% yield. When treated with 4 equivalents of n-BulLi,
it furnished the vinylic anion which could be trapped with
benzaldehyde to give 12 in good yield.
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a) TrisNHNH,, THF, HCI conc. cat., 92%. b) 4 equiv n-BuLi, THF/
TMEDA 9:1, -78°C, 30 min, 0°C, 1 min, 4 equiv PhCHO, -78°C,
30 min, 77%.

Scheme 3
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Vinyl bromide 13 and vinyl iodide 14 could not be ob-
tained free of the corresponding alkene via trisylhydra-
zone 11. However, formation of the unsubstituted
hydrazone, followed by reaction with NBS'! or iodine,*
led to 13 or 14 in good yields and very cleanly (Scheme
4). Halogen-metal exchange was performed with t-BuLi
and reaction of the vinyllithium derivative with benzalde-
hyde gave 12 in 90% and 51% yields respectively from 13
and 14. In conclusion, al optionsto make vinyllithium de-
rivatives 8 seemed to be open.
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a) i- H,NNH,,H,0, EtOH, EtsN, 100°C, 12 h.; ii- NBS, Pyr, 0°C,
70% or 1,, DBU, Et,0, 80%. b) 2 equiv t-BuLi, THF, -78°C, 30 min,
0°C, 1 min, 3 equiv PhCHO, -78°C, 30 min, 90% from 13, 51% from
14.

Scheme 4

We then addressed the preparation of ketone 9. The bak-
er's yeast mediated monoreduction of prochiral 2-methyl-
2-propargylcyclohexan-1,3-dione 152 has been described
by Brooks,*? yielding the hydroxyketone with the (2R,3S)
configuration required for our synthesis. This procedure
could be successfully reproduced with excellent ee (95%,
determined by GC on the Mosher ester derivative), but the
purification of the desired diastereomer proved difficult.
In afirst time, aracemic synthesis was effected.

Protection of ketone 15 asthe monoketal 18 was not com-
plete (60% yield, 40% starting material), but an easy sep-
aration via crystallisation of ketal 18 from the unpurified
mixture allowed practical preparation of 18 in 75% yield
after 3 turnovers. Diastereosel ective reduction of the ke-
tone function was then tested under several conditions
(Scheme 5). Sodium borohydride reduction of 18 gave a
1:2 mixture of thetwo alcohols 19 and 20 in aquantitative
yield, while Luche’s conditions led to a 1:1 mixture of di-
astereomers. Reduction with DIBAI-H gave the undesired
20 as the major diastereomer, and L-Selectride led to a
4:96 ratio of 19:20. Use of catalytic Sml./i-PrOH led in
this case to a poor conversion and a 1.1 ratio of isomers.
The best yield was obtained with LiAIH, in toluene.’®

Alcohols 19 and 20 were not separated, and we took profit
of a secondary reaction with the acetylenic group to pro-
tect selectively alcohol 19 asits benzyl derivative. Effec-
tively, treatment of a 1:1 mixture of alcohols 19 and 20
with KH/THF/BnBr/cat. TBAI furnished benzyl deriva-
tive 21 as a pure isomer with concomitant degradation of
alcohol 20 (Scheme 6). Having in hand the required pure
compound 21, treatment with t-BuOK led to an isomeriza-
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Conditions 19:20
NaBH, /MeOH/CH,Cl, 1:2
NaBH,/CeCl; /0°C 1:1
DIBAI-H/PhMe/ -78°C—>20°C 1:5
L-Selectride/THF/0°C 4:96
cat. Smly/i-PrOH/THF 1:1*
LiAIH4/PhMe/60-70°C 53:47

a) NaH, DMF, propargyl bromide, 73%.
b) HOCH,CMe,CH,0H, BF3.0Et,, CH,Cl,, 75%.
*15% conversion.

Schemeb5

tion reaction of the acetylenic function and compound 22
was obtained in 88% yield. Acidic hydrolysis of 22 deliv-
ered the corresponding ketone 23 and partial hydrogena
tion of the triple bond afforded the expected ketone 9.
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a) KH, THF, BnBr, TBAI, 50%. b) t-BuOK, DM SO, 120°C, 88%. c)
cat. TSOH, acetone, H,0, >95%. d) H,, Pd Lindlar >95%.

Scheme 6
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We then turned to the formation of the corresponding vi-
nyllithium. Ketone 9 was converted to trisylhydrazone 24
in good yield, but attempts to make the unsubstituted hy-
drazone were unsuccessful: reduction of the terminal alk-
ene was an unavoidable side-reaction. Under the previous
Shapiro conditions (4 equiv n-BuLi, 9:1 THF/TMEDA, 4
equiv PhCHO), 24 led to adduct 25 in 65% yield (Scheme
7). But when A-ring 4 was used as the electrophile, with
only 2 equiv of n-BuLi to avoid unwanted addition of the
base onto the aldehyde, the reaction was not reproducible
and yielded mostly alkene 26, presumably because of a
difficult formation of the vinylic anion.

OBn

OBn OH
25

a) 2 diastereomers, 1:1
TrisHNN
24

26

a) TrisNHNH,, THF, HCI conc. cat., 92%. b) 4 equiv n-BuLi, THF/
TMEDA 9:1, -78°C, 30 min, 0°C, 1 min, 4 equiv PhCHO, -78°C, 30
min, 65%. c) 2.1 equiv n-BuLi, THF, -78°C, 30 min, 0°C, 1 min, 4, -
78°C, 30 min.

Scheme7

This problem was solved by using t-BuL.i. After treatment
of 24 with 2.2 equivalents of t-BuLi and addition of alde-
hyde 4, the seco-taxane was obtained in 44% yield, after
hydrolysis of the silyl ether with TFA, as a2:1 mixture of
diastereomers 27 and 28,'¢ but *H NMR analysis and nOe
experiments showed clearly that the alkylation is totally
stereoselective and only one diastereomer was obtained
for the diol moiety (Scheme 8).1"

27 2:1 ratio 28

a)i- 2.2 equiv t-BuLi, THF, -78°C, 30 min, 0°C, 1 min, 4, -78°C, 2
h, 44%; ii- TFA, CH,Cl,, 5 min, >95%.

Scheme 8

In conclusion, a new synthesis of ataxol C-ring was de-
veloped. The key coupling reaction of C-ring with A-ring
using a vinyllithium intermediate was carried out via a
Shapiro reaction. This reaction led to formation of seco-
taxane 27 which possesses the required stereochemistry
for taxol at the diol level. Preparation of an enantiopure
seco-taxaneisin progress, and B-ring closure using orga
nometallic-catalyzed reactions will be tested in the near
future.
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