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ABSTRACT

Transannular PtCl 2-catalyzed cycloisomerizations open a new route to cyclopropanic tricyclic systems. Ketones A or C were efficiently prepared
from the same cycloundec-5-en-1-yne precursor B, depending on the substituent at the propargylic position (either benzoate or methoxy).

Transannular processes constitute a unique opportunity for
achieving chemo-, regio-, and stereoselective synthesis.
Because ring constraints are more predictable than acyclic
ones and can also be tuned, versatile synthetic applications
have already been devised, notably for cycloadditions,1 and
also for radical processes.2 Our group, for instance, has
reported the diastereoselective and efficient synthesis of
polycyclic structures such as natural protoilludanes3 or linear
triquinanes4 via 4-exo/6-exoor 5-exo/5-exotransannular
radical cyclizations cascades. Surprisingly, besides coordina-

tion complexes incorporating polyunsaturated macrocycles
or macrocyclic Lewis bases serving as ligands,5 organome-
tallic reactivities have been rarely envisaged in transannular
fashion.6

In that context, PtCl2-catalyzed cycloisomerizations of
transannular enyne substrates appear as highly appealing
reacting systems to be explored.7,8 Further incentive was
gained by considering the following facts. We have recently
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shown that such processes can be extended to a variety of
partners such as allenynes9 and ene-tosylynamides.10 More-
over, as was the case for dienynol derivatives,11 it has been
shown that in acyclic 5-en-1-yn-3-ol precursors1 the nature
of the hydroxy protecting group at the propargylic position
is a very practical handle for controlling the outcome of the
reaction.12 When this function is free, or appears as a silyl
ether, bicyclic compound3 is formed, while bicyclic enol
ester2 is isolated when anO-acyl group is present (Scheme
1). Electrophilic activation of the alkyne moiety triggers at

will a hydride or anO-acyl migration yielding to regioiso-
meric derivatives.

Since the macrocycles we have designed originate from
the macrocylization ofR,ω-ynal precursors by using the
Nozaki-Hiyama-Kishi-Takai (NHKT) chromium(II)-
mediated process,13 they display the pivotal propargyl alcohol
motif and so constitute ideal test substrates.

Thus, we anticipated that enyne macrocycle precursors of
type4 would undergo transannular cyclopropanations which
would constitute a straightforward, modular, and unprec-
edented access to highly valuable tricyclic derivatives5
incorporating an inner cyclopropane moiety.14 Various natural

products possess a related tricycloundecane framework (n
) 5, m ) 1) such as anastreptene15 or myliol16 isolated from
liverwort plants. Some others, such as euphanginol17 (n )
2, m ) 4) and favelanone18 (n ) 4, m ) 2), are obtained
from Euphorbiaspecies which present some antitumoral or
cytotoxic activities (Scheme 2).

Herein, we report the application of this transannular
strategy to various 1,5-unsaturated eleven-membered rings
such as cycloundecenynes10 and 11 (Scheme 3) and
cycloundecadienynesZ,E- and E,E-17 (Scheme 6) whose
syntheses are, as previously mentioned, based on the efficient
NHKT macrocyclization conditions. Thus, following the
synthesis of the already described heptenal6 as a TBS-
ether,19 we prepared it as a THP derivative. This one was
first submitted to Horner-Wadsworth-Emmons olefination
conditions modified by Masamune and Roush20 to reach
stereoselectively the correspondingE,E-nonadienoate7.
Then, a five-step sequence including a LAH total reduction-
iodination-alkynylation-alkyne deprotection-ether depro-
tection furnished undecenynol8 in 47% overall yield.

The macrocyclization precursor was prepared by mild
iodination of the triple bond, followed by IBX oxidation of
the alcohol moiety. Slow addition of the resulting unde-
cenynal to a suspension of chromium(II) chloride in THF
was performed to produce cleanly cycloundecenynolE-9 in
38% overall yield in three steps (Scheme 3).
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Scheme 1. PtCl2-Catalyzed Cyclizations of Acyclic 1,5-Enyne
Derivatives1

Scheme 2. Transannular PtCl2-Catalyzed Cyclopropanation
Strategy
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The corresponding 4-nitrobenzoate and methyl ether
derivatives10 and 11 were then exposed to a catalytic
amount of PtCl2 in toluene at rt. In both cases, a clean
reaction took place giving, respectively, compounds12 and
14 as single isomers21 in good yields (Schemes 4 and 5).

We could readily determine that product12was an enol ester
and14 a ketone. This led us to run a methanolysis on12.
Careful spectroscopic analysis showed that the resulting
products13 and14 were regioisomeric ketones that possess
the same 5,3,7-tricyclic skeleton. Thus, as anticipated from
the acyclic series, a completely different behavior for
methoxy and acyloxy derivatives is observed.12

Based on the previous mechanistic rationale, we propose
that an initial electrophilicπ-complexation of the alkyne by
the Pt(II) entity, shown in speciesA andA′, would trigger

two different pathways according to the nature of the hydroxy
protecting group. In the case of ester precursor10, a [1,2]-
migration of the benzoate group11,22 via an oxocarbenium
speciesB gives birth to an allylic platinacarbeneC (Scheme
4). Cyclopropanation could then proceed and generate
diastereoselectively the tricyclic enol ester12 in 85% isolated
yield.

Alternatively, in the case of the methoxy precursor11,
the η2-alkyne platinum complexA′ would undergo a 1,2-
hydride migration23 to form, via oxonium of typeD, an allylic
carbeneE which is stabilized by the donor methoxy group,
followed by a diastereoselective cyclopropanation step which
gives labile enol ether intermediate15. Tricyclo[5.4.0.0.1,8]-
undecan-10-one14 is finally obtained as the isolated product
in 55% yield after purification on silica gel (Scheme 5).

We next turned our attention to check the reactivity of
cycloundecadienyne systems. By using the same synthetic
approach, precursorsZ,E- andE,E-cycloundecadienynols16
and their corresponding nitrobenzoate derivatives17 were
prepared and submitted to PtCl2 (Scheme 6).

Z,E-Dienyne precursor17 followed the same reactivity
pattern as its enyne equivalent10.After methanolysis, it gave
the expected tricyclic ketone19diastereoselectively with the
carbonyl moietyR to the junction of the rings. Stereochem-
ical assignment of the isolated unique diastereomer of
tricyclo[5.4.0.0.1,8]undeca-3,10-diene18 was established by
X-ray analysis.24 The spectroscopic data for12and18being
similar, this confirmed the stereochemistry deduced from the
NOE for 12.

(21) Stereochemical assignments were performed by using NOE studies.
See the Supporting Information.

(22) (a) For pioneering findings, see: Rautenstrauch, V.J. Org. Chem.
1984,49, 950-952. (b) For an intermolecular version, see: Miki, K.; Ohe,
K.; Uemura, S.J. Org. Chem.2003,68, 8505-8513.

(23) Whether involving carbenoid or carbocationic intermediates, similar
1,2-hydrogen transfers have been observed by Echavarren, Fürstner, and
us on several precursors; see refs 8e,f and 12a,b.

(24) CCDC 243389 contains the supplementary crystallographic data for
18 that can be obtained, free of charge, from the Cambridge Crystallographic
Data Centre via www.ccdc.cam.ac.uk/conts/retrieving.html.

Scheme 3. Synthesis of Cycloundecadienynol Derivatives10
and11

Scheme 4. PtCl2-Catalyzed Transannular Cyclization of
Cycloundecenyne Derivative10

Scheme 5. PtCl2-Catalyzed Transannular Cyclization of
Cycloundecenyne Derivative11
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Moreover,E,E-cycloundecadienyne benzoate17, submit-
ted to the same conditions as itsZ,E-diastereomer, showed
a different behavior. After 6 h at rt, no conversion was
observed. So we pursued the reaction overnight at 80°C
and one product appeared slowly. After an additional 3 h
under reflux, cycloundeca-1,2,5,9-tetraene2025 was isolated
in 15% yield along with 60% of recovered material. No trace
of the corresponding tricyclic compound was detected.

Optimized conditions afforded 19% of allene20after 3 h of
reflux conditions. More drastic conditions yielded to com-
plete degradation. An explanation for the formation of this
intriguing bis-allylic allene20 resides in theE-stereochem-
istry of the disubstituted double bond. Due to this geometric
constraint, formation of theE-seven-membered ring from
Z-allyl carbeneF becomes impossible. Instead, another
oxocarbenium speciesG could be generated fromE-F.
O-Acyl migration would occur one more time and yield to
the formation of the allenyl ester moiety present in20.

In conclusion, we have reported the first examples of a
transannular PtCl2-catalyzed reactivity of 1,5-enynes. This
particularly efficient synthetic strategy opens a diastereose-
lective access to various tricyclic ketones possessing an
internal cyclopropane motif. By simple variation of the
hydroxy protecting group, the regioselectivity of the carbonyl
group incorporation is completely controlled. Modeling the
adequate precursor to reach natural bioactive products is
under active investigation in our laboratory.
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(25) For related formation of allenes, see refs 9 and 23b and references
therein.

Scheme 6. PtCl2-Catalyzed Transannular Cyclization ofZ,E-
andE,E-Cycloundecadienyne Derivatives17
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