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An enyne metathesis/Diels–Alder reaction sequence towards
the synthesis of cup-shaped 5/5/6-tricyclic architectures
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Abstract—A strategy to synthesize the 5/5/6-tricyclic framework of presilphiperfolane natural products is described, involving a
model dienyne compound (I). The key steps are an enyne metathesis reaction to introduce the diene part and a Diels–Alder cyclo-
addition to reveal the tricyclic architecture.
� 2007 Elsevier Ltd. All rights reserved.
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Figure 1. Synthetic strategies toward analogues of cup-shaped natural
products from model dienyne I.
The 5/5/6-, 5/6/6- and 5/6/7-fused tricyclic frameworks
are part of many natural products with cup-shaped
architectures, especially in the terpenoid series
(Fig. 1).1 The total synthesis of such intriguing mole-
cular structures has been investigated by others with the
extensive use of rearrangement and cycloaddition strat-
egies.2 We report herein the synthesis and use of a model
compound (I) toward the presilphiperfolane tricyclic
skeleton. Our synthetic strategy involves two key steps:
(i) an intramolecular Diels–Alder cycloaddition between
an alkyne and a diene resulting from (ii) an enyne
metathesis reaction.

As shown in Figure 1 the dienyne structure I could be a
pivotal intermediate not only for the synthesis of presil-
phiperfolane analogues (II), but also for the construc-
tion of homologous structures such as III, depending
on the type of cycloaddition used. Such a diene was thus
synthesized for reactivity survey toward catalytic or
thermal conditions. The diene part was installed by
PtCl2-catalyzed enyne reorganization while the Corey–
Fuchs methodology was used for the terminal alkyne.
We show in this Letter that the thermal conditions
applied to an activated diene were effective to build
the 5/5/6-tricyclic structure.
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The cyclopentene part of model compound I was rapidly
elaborated from butane-1,4-diol (1) in a six-step
sequence (Scheme 1). The fragile aldehyde 2 was
obtained according to the literature3 by selective protec-
tion and subsequent oxidation of the remaining alcohol.
Knoevenagel condensation of compound 2 with
dimethyl malonate was achieved in the presence of
catalytic amounts of LL-proline in DMSO,4 giving
a,b-unsaturated diester 3 in 72% yield. The 1,4-addition
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Scheme 1. Reagents and conditions: (a) Two steps according to Ref. 3;
(b) CH2(CO2Me)2, LL-proline (0.1 equiv), DMSO, rt (72%); (c)
CH2@CHMgBr, CuCN (0.15 equiv), LiCl (0.35 equiv), THF, �78 �C
(93%); (d) NaH, then CH3C„CCH2Br, DMF, 0 �C (93%); (e) PtCl2
(0.04 equiv), toluene, 80 �C (79%).
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of vinylmagnesium bromide in the presence of catalytic
CuCN/LiCl afforded the branched product 4 which was
then alkylated after deprotonation in the presence of 2-
butynyl bromide to give enyne 5 in excellent yields for
the two steps.5 Enyne reorganization finally delivered
diene 6 in 79% yields.6 Platinum chloride was an efficient
catalyst for this reaction which was performed in tolu-
ene at 80 �C.7 Alternatively, any of the Grubbs catalysts
were responsible for many side reactions8 and degrada-
tion of the expected product 6.

Silyl ether 6 was then cleaved and the resulting terminal
alcohol oxidized into aldehyde 7 (Scheme 2). Corey–
Fuchs alkynylation9 gave dienyne 8 which was readily
transformed into methyl ester 9 by oxidative carbonyl-
ation in methanol in the presence of catalytic amounts
of palladium chloride and anhydrous copper chloride
(61% yield).10,11
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Scheme 2. Reagents and conditions: (a) TBAF, THF, 0 �C; (b) PCC,
NaOAc, DCM, rt (76%, 2 steps); (c) CBr4, PPh3, DCM; (d) n-BuLi,
THF, �78 �C (63%, 2 steps); (e) CO, PdCl2, CuCl2, NaOAc, MeOH, rt
(61%); (f) MeCN, 80 �C (83%).
The synthesis of ester 9 was time-dependent and evolved
after 15–30 min toward the formation of the double oxi-
dative carboxylation product 10, isolated in 35% yield
after 45 min (careful TLC monitoring of the reaction cir-
cumvented this problem).
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The last step involved the intramolecular Diels–Alder
reaction of dienyne 9. The reaction could be done by
heating 9 in acetonitrile at 80 �C and afforded tricyclic
compound 11.12 It is noticeable however that the reac-
tion also occurred when leaving the compound at
�30 �C for several months (70% yield after 7 months).
Attempts to functionalize 9 by 1,4-addition of an iodide
on the triple bond for other synthetic purpose in the
presence of sodium iodide also furnished cycloadduct
11, instead of the iodination product in acetonitrile.
Alternatively, submitting compound 10 to the same
thermolytic conditions gave no reaction probably
because of unfavorable steric effects.

Both five-membered rings of compound 11 share a
cis-junction which is consistent with the transition state
shown in Scheme 2. The relative stereochemistry of
compound 11 was deduced from bidimensional NMR
experiments. Particularly, NOESY experiments showed
unambiguous correlations between the co-facial protons.

Last attempts to form a tricyclic structure from the
unactivated dienyne 8 were performed under catalytic
conditions. In particular, using the Wender conditions
(RhCl(CO)(PPh3)2–AgSbF6 under CO atmosphere)13a

or the Montgomery conditions (Ni[Cod]2, TMSCHN2

as the monocarbon entity)13b gave no trace of com-
pounds resulting from the [4+2+1] cycloaddition. This
could be explained by the constraints fixed by the sub-
strate in regard to the cycloaddition mechanism.13 These
reactions have indeed been reported on linear dienynes
only, which is not the case of compound 8. Further-
more, no [4+2] cycloaddition arose when submitting 8
to Ni(Cod)2 or RhCl(CO)(PPh3)2–AgSbF6 under inert
atmosphere.

In this Letter, we showed that model compound 9 can
be used to generate highly strained cup-shaped mole-
cules such as tricycle 11 under the thermal Diels–Alder
conditions. Although numerous attempts were made
for the synthesis of the cup-shaped 5/5/6-tricyclic struc-
ture, it was not possible to catalyze the cycloaddition
of the unactivated dienyne 8. Our work is pursued to
develop strategies for the synthesis of complex poly-
cyclic compounds.
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