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Das erste durch Ringschlussmetathese (RCM)
synthetisierte trans-Cycloocten

Nur mit dem hier gezeigten dieselbe Konfiguration auf
Diastereomer einer Carbonat- wie der zentrale Achtring von
geschitzten Taxolvorstufe Taxol und enthalt dartiber
gelingt eine Ringschlussmeta- hinaus eine frans-Alkeneinheit.
these. Der Cyclooctenring im Mehr dazu erfahren Sie auf den

Produkt weist an C1, C2 und C8 folgenden Seiten.
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Synthesis of Highly Functionalized
Cyclooctenes by Ring-Closing Metathesis:
Unexpected Formation of a trans Isomer**

Damien Bourgeois, Ange Pancrazi, Louis Ricard, and
Joélle Prunet*

During our studies towards the synthesis of the antitumor
agents taxol (1)[! and taxotere (2) we explored several
convergent routes.’] One of them relies on a ring-closing
metathesis (RCM) to form the eight-membered cycle of this
molecule (Scheme 1). This reaction has become a powerful

1 Taxol (paclitaxel)
2 Taxotere (docetaxel)

R = CgH5CO, R? = Ac
R! = BuOCO, R? = H

Scheme 1. Retrosynthesis of the ABC ring-system of taxol. See ref. [8] for
abbreviations.

tool in organic synthesis, since it involves nonfunctionalized
olefins that are usually unreactive towards classical reagents,
and is compatible with diverse functional groups.[* To the best
of our knowledge there are only four reports in the literature
of such a reaction for the synthesis of carbocyclic rings of this
size.’l Herein we present cyclizations of highly functionalized
precursors of the BC ring-system of taxol using the Grubbs’
ruthenium catalyst 5[ or Schrock’s molybdenum catalyst 6["),
and also the unexpected formation of a trans-cyclooctene in
one case.

The closure of the B-ring of taxol between C9 and C10 by
RCM presents a double challenge; the high activation
enthalpy for the formation of an eight-membered ring has
to be overcome, and the neopentylic position at C8 adjacent
to one of the olefinic partners might hamper the formation of
the intermediate metallacyclobutane, which is already fused
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to a highly substituted eight-membered ring. We therefore
designed a short route to metathesis precursors 8, which were
synthesized as 1:1 mixture of diastereomers by using a Shapiro
reaction on trisylhydrazone 7 and quenching with the
appropriate aldehyde (Scheme 2).1
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Scheme 2. Preparation of the metathesis precursors. a) 2.1 equiv /Buli,
THEF, —78°C, 30 min; 0°C, 1 min; 1.2 equiv RCHO, —78°C.

Attempts of ring-closure on alcohol 9 only led to polymers.
However, formation of an eight-membered ring was observed
when the triethylsilyl ether derivative 10 was heated for eight
days in benzene in the presence of the ruthenium complex §
(Scheme 3). For purification purposes the TES ether was

aorb

OR OH
9 R=H 11
10 R=TES a 20% b 85%
Scheme 3. Formation of a cyclooctene. a) 10% 5, 0.02M, benzene, 80°C,
6 d; TBAF-3H,0, THF; b) 10% 6, 0.02M, benzene, 80°C, 3 d; TBAF-
3H,0, THF.

cleaved and alcohol 11 was then obtained in 20 % yield as a
single diastereomer, whose stereochemistry has not been
determined. A Thorpe —Ingold effect of the TES group could
explain the difference in yields between 9 and 10, but a
complexation of the catalyst by the free OH group in 9 cannot
be excluded. A much better yield was obtained for the RCM
reaction with Schrock’s catalyst, which gave both diaster-
eomers of 11.

We then decided to check the feasibility of the RCM using
more elaborate models such as alcohol 12, where the steric
hindrance is similar to that of the precursor 4, a potential
precursor for the synthesis of the ABC tricycle (Scheme 4).
We assumed that additional substituents would favor the
cyclization by reducing the conformational freedom of the
molecule. However, reaction of 12 with the ruthenium

) “oH OH
H 14 7%

OH OH
H 13 6%

OH OTES
H 12 11
Scheme 4. RCM with a more elaborate model. a) 10% 5, 0.02M, benzene,
80°C, 8d; b) TBAF-3H,0, THF.
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complex 5 in benzene at reflux for eight days produced only
minor amounts of two cyclized products.''/l Removal of the
TES ether led to the expected product 13 as a single
diastereomer!'?l together with 14, in which the double bond
has shifted from C9-C10 to C10-C11. The struture of 14 was
determined by X-ray diffraction analysis.'}! A similar isomer-
ization was reported by Taylor et al.l!" 1]

Simple semi-empirical calculations (MM2/PM3) on 12
clearly showed that the substituents at C1 forced the diene
in a ground-state conformation in which the two double bonds
are far apart. However, a cyclic protecting group as in 15
appeared to place the two olefin residues at a reasonable
distance for a metathesis reaction. We were thus disappointed
to find only traces of the desired cyclooctene in the unpurified
reaction mixture when the Grubbs’ catalyst was employed
with acetonide 15, even after eight days in benzene at reflux
(Scheme 5). However, RCM reaction of 15 with Schrock’s
molybdenum catalyst 6 led to cyclooctene 16 in 93 % yield.
Three days were necessary to drive the reaction to comple-
tion, but conversion of both isomers was total, giving a 1:1
mixture of diastereomeric cyclooctenes 16 that were easily
separable by flash chromatography. Their structures were
determined by extensive NMR studies.!'”]

a
_

93%

‘0. 0 3o
HXJ'S 11 Hxlii 1:1

Scheme 5. RCM of compounds bearing an acetonide at C1-C2. a) 10% 6,
0.02M, benzene, 80°C, 3 d.

Another suitable protecting group for the C1-C2 diol of
taxol precursors such as 3 is a cyclic carbonate.['¥l We thus
submitted compound 17 to the Grubbs catalyst 5 in benzene at
reflux for 8 days (Scheme 6). Surprisingly, only one diaste-
reomer underwent cyclization, and the resulting product 18
was a trans-cyclooctene produced in 34 % yield (68 % based

a  34% 46%
b 41% 34%

Scheme 6. Synthesis of a frans-cyclooctene. a) 10% 5, 0.02M, benzene,
80°C, 8d; b) 10% 6, 0.02Mm, benzene, 80°C, 3 d.

on the diastereomeric ratio of the starting diene). The other
diastereomer of 17 was recovered in 46 % yield. The same
reaction with the molybdenum catalyst produced 41 % of
cyclic product 18, along with 34 % of recovered 17 (bearing an
a-methyl group at C8).

Structural evidence for 18 was obtained by X-ray diffrac-
tion studies™ (Figure 1). A coupling constant of 16.7 Hz is
observed between the two olefinic protons at C9 and C10 in
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Figure 1. Platon representation of trans-cyclooctene 18.1"! For the purpose
of clarity only the hydrogen atoms on the eight-membered ring are shown.

the 'H NMR spectrum.?’! A C8-C9-C10-C11 torsion angle of
139.3° in the solid-state structure indicates a loss of the m
character of the double bond. All the stereocenters in 18 (C1,
C2, CB) present the configuration required for the synthesis of
taxol. Moreover, 18 is the first trans-cyclooctene obtained by
olefin metathesis. This result is totally unexpected, as olefin
metathesis is thought to occur exclusively under thermody-
namic control.?!l In our case, no trace of the more stable
corresponding cis-cyclooctene was detected. A complexation
of the catalyst by the carbonyl moiety might be invoked,?
although the involved chelate would be an eight-membered
ring. Further studies to provide an explanation of this result
are underway.

In conclusion, we have shown that highly functionalized
cyclooctenes can be synthesized in very good yields with
Grubbs’ or Schrock’s catalyst. In the specific case of
carbonate 17, only one diastereomer cyclized to give cyclo-
octene 18, which not only possesses the required stereo-
chemistry for the C1, C2, and C8 centers of taxol, but also
presents a trans olefin. This result indicates that RCM does
not proceed to complete thermodynamic equilibrium in this
case.
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Diastereoselective Pinacol Coupling Reactions
of a-Ketoamides Mediated by Sml,: Synthesis
of Enantiomerically Pure R and S Quaternary
Tartaric Acids™*

Sam Min Kim, II Suk Byun, and Yong Hae Kim*

Multidentate, chiral, C,-symmetric ligands are well-known
for their ability to impart asymmetry to transition and main
group elements.l!! C,-Symmetric diols are among the most
frequently applied examples of such molecules, especially in
the area of asymmetric catalysis.”l Most diol ligands have
been derived from C,-symmetric molecules which occur
naturally in optically pure form (such as tartaric acid).”
However, the number of chiral precursors available from
natural products is seriously limited.

The pinacol coupling was first described a long time ago,?!
but this reaction is still a versatile tool for chemists. The
intermolecular coupling of various aldehydes or ketones to
the corresponding pinacols has been extensively studied.™
However, pinacols in an enantiopure form have not really
been obtained using this type of coupling.’] Although the
asymmetric dihydroxylation of olefins mediated by osmium
tetroxide has become one of the most useful methods for the
preparation of C,-symmetric diols,”l asymmetric dihydroxy-
lations of tetrasubstituted olefins are extremely rarel’? and
give low enantioselectivity.[”
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