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Abstraet :  The palladium-catalysed reaction of vinyl halides with the anions of 1,1-dimethyl-2,3-
butadienylmalonates leads to 4-dicnyl y-laciones through an unexpected alkylative O-cyclisation pathway due
to the steric demand of the a-allenic gem-dimethyl group.

Carbopalladation of allenic compounds by vinyl type organopalladium species is a general process which
leads to unsaturated =-allyl palladium complexes!, and is the key step of a palladium-catalysed synthesis of
functionalysed dienic (or styryl) compounds from allenes.2-4 Further studies in this area demonstrated that an
intramolecular reaction from functionalysed allenes which include a potential nucleophilic pole as
2,3-butadienyimalonates 4 was leading to vinylcyclopropanes 7 and/or cyclopentenes 8.3.5 The
regioselectivity of these competitive cyclisations was dependent on the substitution patterns of both the allenic
substrate and the unsaturated halide and was tentatively rationalised through the syn and anti x-allyl palladium
intermediates 5 : the cyclisation to vinylcyclopropanes 7, which has numerous precedents in the literature§,
would arise from the n-allyl complex syn-5 , while the cyclopeniene 8 would be formed from the cyclisation
of the isomer complex anti-5.9
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As a part of our on-going research about palladium-mediated cyclisation processes from allenes, we
envisioned the alkylative cyclisation of the tetrasubstituted 2,3-butadienylmalonate 4a’ as a possible route to
substituted vinylcyclopropanes 7a [R" = vinyl, aryl] related to the “chrysanthemyl” structure 6 [R" = H], the
three-membered ring closure being expected because of an anticipated larger stability of the intermediate
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syn =-allyl complex Sa which would more easily accommedate the steric demand of the vicinal gem-dimethyl
group. This C3 cyclisation was not observed from malonate 4a and we report herein our results on an
alternative ring closure to substituted y-lactones 10.
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In a preliminary experiment malonate 4a was treated in DMSO with sodium hydride NaH (1 equiv.) and
vinyl bromide (2 equiv.) in the presence of the catalytic system Pd(dba)2 + 4 P(Ph)3 [4% molar equivalent] at
80°C for 48 hours (Table, entry 1). Four compounds could be isolated from this reaction, the unreacted
malonate 4a, the y-allenic ethyl ester 9a and the two lactones 10a1 (cis and trans8) and 11at ; obviously the
formation of 9a and 11a1 is easily explained through the in situ decarboxylation of 4a and lactone 10a1
respectively.”

The results of similar reactions with other unsaturated halides 2 and 3 in various experimental conditions
chosen to minimize the decarboxylative side reactions (lower temperature, longer times) are listed in the Table
(entries 1-7). In each case the only isolated cyclised products were the two lactones 10a and 11a, the presence
of minute amounts of vinylcyclopropane 7a and/or cyclopentene 8a being undetected through GLC-SM
chromatography. The best cumulative yield (10a + 11a) was about 60% at 40°C (entries 3 and 5) except with
the use of iodobenzene (entries 6 and 7).

The occurence of O-cyclisation products from B-ketoesters via palladium-mediated ring closures to
enolethers is not unprecedented 10 ; however these cyclisations are often reversible and lead easily to the
thermodynamically more stable C-alkylated products.1! Thus, the reasons of this unusual ring closure to
lactones 10a from malonate 4a were not obvious and the actual nature of the putative palladium intermediates
was questioned ; however the presence of the two gem-dimethy! groups in malonate 4a was logically
responsible of this cyclisation to lactone.

In order to clarify the consequence of each gem-dimethyl group on the ring closure selectivity, two other
malonates]2 4b and 4c were tested in similar conditions. Malonate 4b had an identical behavior and led to
lactones 10b and 11b (table 1, entries 8 and 9). On the contrary malonate 4¢ led to mixtures of
vinylcyclopropane 7c¢ and cyclopentene 8c, this last one being favored by the use of a bulky vinyl halide as
isopropenyl bromide 2.
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* Diastereomeric ratios were obtained by GC and 1H NMR analysis.10



Thus it seems clear that the only presence of a gem-dimethyl group in o position of the allenic unit is
responsible of the clear-cut change of the ring closure from C3 or C5 cyclisations to O-cyclisation leading to
lactone 10. This could be explained by the impossibility of the classically involved syn and anti x-allyl 5 to
accommodate the bulkyness of this gem-dimethyl group. A likely mechanistic pathway might involve a more
favored carbopalladation step leading to an oxapalladacycle 12, the steric requirements of which are smaller
because of a free rotation along the C1-C2 bond of the ally] unit. This oxapalladacycle 12 would evolve through
the nucleophilic cleavage of the O-C2Hs bond and reductive elimination to the anion of lactone 10a, which
gives this lactone on hydrolysis. Recently, the formation of C-O bonds from vinylpalladium intermediates,
leading to isocoumarins13 and pyrones14, has been rationalised by a related route.
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Further investigations towards the mechanistic aspect of this new palladium-mediated O-cyclisation to lactones
are in progress.

References and notes :

1.  Hughes, R.P. ; Powell, J. J. Organomet. Chem. 1969, 20, P 17-19.
Hughes, R.P. ; Powell, J. J. Organomet. Chem. 1973, 60, 409-425.
Medena, D. ; Van Helden, R. Rec. J. R. Neth, Chem. Soc. 1971, 90, 304-323.
2. Ahmar, M. ; Cazes, B. ; Goré, J. Tetrahedron Lert. 1984, 25, 4505-4509.
Ahmar, M. ; Barieux, I1.J. ; Cazes, B. ; Goré, J. Tetrahedron 1987, 25, 4505-4509.
Friess, B, ; Cazes, B. ; Goré, J. Tetrahedron Lett. 1988, 29, 4089-4091.
Friess, B. ; Cazes, B. ; Goré, J. Bull. Soc. Chim. Fr. 1992, 129, 273-279.
Cazes, B. Pure Appl. Chem. 1990, 62, 1867-1878 and references cited therein.
Shimizu, I ; Tsuji, J. Chem. Letz. 1984, 233-237.
Ahmar, M. ; Cazes, B. ; Goré, J. Terrahedron Lert. 1988, 26, 3795-3799.
Ahmar, M. ; Cazes, B. ; Goré, J. Tetrahedron 1987, 435, 513-526.
Colobert, F. ; Genét, 1.P. Tetrahedron Let:. 1985, 2779-2782, and references cited therein,
The desired malonate 4a was obtained through the 1,4-addition of the cuprate generated from the
dimethylallenyllithium on diethyl isopropylidenemalonate in a 58% yield.
The configuration cis or trans of the two diastereoisomers of lactones 10a and 10b has not been
determined. However the major one was assumed 1o be the thermodynamically more stable cis diastereo-
isomer in which the two 2,4-substituents are quasi equatorial :
Hussain,S.A.M.T. ; Ollis, W.D. ; Smith, C. ; Stoddart, J.F. J. Chem. Soc. Perkin I 1975, 1480-1492,
9.  Krapcho, P. Synthesis, 1982, 805-8.
10. Tsuji, J. ; Kobayashi, Y. ; Katacka, H. ; Takashi, T. Tetrahedron Letz. 1980, 21, 1475-1478.
Trost, B.M. ; Jungheim, L.N. J. Am. Chem. Soc. 1980, 102, 7910-7925.
Godleski, S.A. ; Valpey, R.S. J. Org. Chem. 1982,47, 381-383.
11. Trost, B.M. ; Runge, T.A, ; Jungheim, L.N. J. Am. Chem, Soc. 1980, 102, 2840-2841.
12. Malonates 4b and 4¢ were prepared via the palladium-catalysed reaction of diethyl malonate with the
corresponding 2,3-butadienyl acetates : Djahanbini, D. ; Cazes, B. ; Goré, J. Tetrahedron Letr. 1984,
25, 845-848 and Tetrahedron 1987, 43, 3441-3452.
13. Tao, W. ; Silverberger, L.J. ; Rheingold, A.L. ; Heck, R.F. Organometallics 1989, 8, 2550-2559.
14, Pfeffer, M. ; Sutter, I.P. ; DeCian, A. ; Fischer, J. Organomerallics 1993, 12, 1167-1173.

© No waw

(Received in France 31 January 1994; accepted 23 February 1994)



