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Received 10 November 2006; revised 20 November 2006; accepted 29 November 2006
Available online 18 December 2006

Dedicated to Professor Fulvio Gualtieri, University of Firenze, on the occasion of his 70th birthday
Abstract—The stereoselective synthesis of an advanced intermediate of Taxuspine U and X has been accomplished using a ring clos-
ing metathesis strategy. The feasibility of ring closing metathesis in synthesizing highly constrained and functionalized macrocycles
has been demonstrated provided the appropriate substrate structure and substitution pattern are chosen.
� 2006 Elsevier Ltd. All rights reserved.
Taxuspines U (2) and X (3) have been isolated from the
stems of the Japanese yew Taxus cuspidata.1 Taxuspines
U (2) and X (3) are very rare bicyclic taxane-related
diterpenoids and their skeleton has been proposed as a
biogenetic precursor of taxanes1c (Fig. 1). Molecular
modeling studies from our group have revealed that
modified Taxuspines, such as 4 (Scheme 1) and analogs
thereof, can adopt a conformation similar to the bio-
active conformation of paclitaxel and can be well
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Figure 1.
accommodated within the pseudoreceptor model
proposed by us to predict the microtubule-stabilizing
activity for taxanes.2

Considering our recent work on the synthesis of Taxu-
spine U and X analogs via an original, convergent
approach, involving a ring closing metathesis (RCM)3 as
a key step,4 we focused our attention on the stereoselec-
tive synthesis of compound 5, an advanced intermediate
of Taxuspine U and X (Scheme 1). Our retrosynthetic
analysis (Scheme 1) suggested that the twelve-membered
macrocycle of 5 could be constructed by RCM of inter-
mediate 6, which is expected to result from the coupling
reaction between the suitably functionalized alkyne 74

and aldehyde 8. In this letter, we describe the prepara-
tion of chiral synthon 8 using the SAMP/RAMP-
hydrazones methodology,5 the stereoselectivity of the
alkynylation reaction, and our studies on the macro-
cyclization of substrate 6.

The stereoselective synthesis of 8 is outlined in Scheme
2. 1,3-Dioxanone 9 has been obtained according to the
procedure described in the literature6 and transformed
into the corresponding 2,2-dimethyl-1,3-dioxan-5-one-
SAMP-hydrazone 10. Smooth reaction of the azaenol-
ate, generated by deprotonation with tert-buthyllithium
at low temperature, with ethyl bromoacetate afforded
ester 11 in a good yield. Cleavage of the chiral auxiliary
by ozonolysis gave a-substituted ketone 12 in an
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Scheme 2. Reagents and conditions: (i) SAMP, benzene, reflux, 12 h,
95%; (ii) t-BuLi, BrCH2COOEt, THF, �78 �C to rt, 12 h, 75%; (iii) O3,
CH2Cl2, �78 �C, 4 h, 95%; (iv) Ph3P(Br)CH3, t-ButOK, THF, 0 �C to
reflux, 1 h, 60%; (v) DIBAH, CH2Cl2, �78 �C, 30 min, 65%.
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Scheme 4. Prechair transition-state model for bidentate 1,3-chelation.
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excellent enantiomeric excess (ee = 89%, determined by
HPLC with chiral column Chiralcel OD). Wittig olefin-
ation of the carbonyl moiety and partial reduction of the
ester with DIBAH, led to the desired chiral aldehyde 8.7

Reaction of the organolithium derivative of racemic
alkyne 7 with the enantiomerically pure aldehyde 8 gave
a 1:1 mixture of two diasteroisomeric alcohols 14a and
14b (Scheme 3).

The diastereoisomers have been separated by chroma-
tography. HPLC/MS and NMR analysis on the O-acet-
ylated compounds 15a8 and 15b helped us in
determining the relative stereochemistry of the newly
formed stereocenter at C-7; COSY and NOESY experi-
ments, performed at room and low temperature,
revealed that the stereocenter at position 7 has the
same configuration in both derivatives. The oxygen at
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the stereocenter in 8 plays a crucial role in controlling
the stereochemistry of the reaction and our results are
in agreement with the literature data concerning the
alkynylation of chiral aldehydes.9

Due to the lithium chelation, in the prechair transition
state (Scheme 4) the attack by the incoming nucleophile
on the less hindered side of the aldehyde favors the for-
mation of the 1,3-anti isomer, while the 1,3-syn reaction
product is disfavored. Furthermore, thanks to this sub-
strate-controlled reaction, the starting racemic mixture
of alkyne 7 has been separated.
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Several RCM assays have been performed on inter-
mediates 15a and 15b, in the different conditions of solvent
(CH2Cl2, C2H4Cl2, toluene), dilution (1.0–3.5 mM), tem-
perature (rt–60 �C), catalyst loading (10–20%), using
both ruthenium (Grubbs I or Grubbs II catalyst) and
molybdenum (Schrock catalyst) catalysts (Scheme 5).
No case cyclization has been observed; the unaltered
starting material has been recovered when the reactions
have been run at room temperature, whereas degradation
occurred at a higher temperature, in accordance with
the outcome of the RCM reactions in our previous
studies.4

It is known that RCM is strongly substrate-dependent
mainly due to steric hindrance, complexation, and con-
formational preorganization of the acyclic dienic precur-
sor;10 therefore, ring closing metathesis reactions have
been studied on modified substrates. After cleavage of
silyl ether 15a, the resulting less hindered allylic alcohol
17 was treated with 20% Grubbs II catalyst in refluxing
dichloromethane; HPLC/MS analysis of the reaction
mixture revealed the presence of the desired macrocycle
18 in 11% yield, whereas methyl ketone 1911 has been
isolated as the major compound (Scheme 5). Competi-
tive fragmentation reactions occur when the ring closure
is slow12 and it has been suggested that molecular strains
in 17 favor this type of side reactions.

No improvement has been achieved when less hindered
protecting groups for the allylic alcohol have been
employed.

To enhance the flexibility of the acyclic precursor and to
promote the approach of the terminal double bonds, the
acetal functionality has been cleaved (Scheme 6) under
acidic condition to afford the deprotected triol 20,
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together with the unexpected product 21 deriving from
deacetylation and dehydratation at C-10 position.
Although no other examples of this reaction have been
described, we noticed that it occurs very easily in our
C-13 unsubstituted substrates.

RCM on the O-acetylated derivative 22 proved to be
unsuccessful, probably due to entropic reasons. Interest-
ingly, when 23 was treated with 20% Schrock catalyst in
toluene at 60 �C, bicyclic compound 2513 has been
isolated in 23% yield. Based on molecular mechanics
calculations, this result may be interpreted in terms of
molecular constraints of 23, which most likely create the
appropriate distance and relative orientation for giving
the ring closure between the two terminal double bonds.

In summary, we have applied the ring closing metathesis
to synthesize highly constrained and functionalized macro-
cycles; so far, no example of twelve-membered carbocy-
cle, obtained via RCM, has been reported in the litera-
ture prior to our studies.4 Moreover, an original
methodology to achieve the bicyclic core of Taxuspine
U and X analogs has been developed. The reported
study is part of a wider project aimed at designing and
synthesizing new microtubule-stabilizing antimitotic
compounds.
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