J. Am. Chem. So2000,122,1221-1222

Metal-Catalyzed Carbocyclization by Intramolecular
Reaction of Allylsilanes and Allylstannanes with
Alkynes

Carolina Ferhadez-Rivas, Mda Mendez, and
Antonio M. Echavarren*

Departamento de QGmica Organica
Universidad Autmoma de Madrid
Cantoblanco, 28049 Madrid, Spain

Receied October 1, 1999

Transition-metal-catalyzed carbocyclizationsgb-enynes can
proceed by three major pathways (Scheme 1). Thus, insertion of
a metal hydride species#H into the alkyne gives, which may
evolve by insertion and elimination to give the regioisomeric
dienesll andlll resulting in an overall cycloisomerization of
the enyne (Scheme 1, pathway! Alternatively, an oxidative
metallacycloaddition to form metalacyd¥ followed by -hy-
dride eliminatioA? may give rise to a mixture ofl and Ill
(pathway b). A more complex pathway has recently been
uncovered in the reaction of enynes with electrophilic metal
complexes that involves a rearrangement initiated by a complex
of type V to afford metathesis-type produc#$ (pathwayc).®*

However, transition-metal-catalyzed carbocyclizations by in-
tramolecular attack of mild nucleophilic reagents such as allyl-
silanes or allylstannane¥l| , M = SiR;, SnR) onto alkynes to
form dienedlIl are unknowrf,although a stoichiometric process
using HgC} as an electrophile in the presence of a base has
recently been developéd.Interestingly, strong Lewis acids such
as HfCl, promote the endo-dig cyclization of allylsilangd (M
= SiRy).8 Here we report that allylsilang¥ and allylstannanés
cyclize readily upon treatment with several electrophilic Pt(ll),
Pd(Il), Ru(ll), and Ag(l) metal salts as catalysts.
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Certain Ru(ll) complexes react with terminal alkynes to form
vinylidenes!? In this process, it has been proposed that the Ru(ll)
coordinates with the alkyne to forma-alkyne complex2 Thus,
we hypothesized that reaction of the alkyne with a Ru(Il) complex
could promote the nucleophilic attack of the allylsilane or stannane
(Scheme 2). Alternatively, intermediatéll could give rise to
vinyl cation IX. An anti attack of the allyl nucleophile onto the
n?-alkyne metal complex or the metal-stabilized vinyl cation
would then give cyclX. We have found that this process could
be carried out catalytically with a variety of electrophilic metal
complexes.

Heating a solution of allylsilan# in the presence of CpRuCl-
(PPh)2 (5 mol %) and NaPg(10 mol %) in MeOH, conditions
known to readily form vinylidene ruthenium complexes with
terminal akyned? gave cleanly carbocycl® in high yield
(Scheme 3 and Table 1, entry 1). This transformation was also
carried out with RuGl under the same conditions (entry 2).
Interestingly, Pd(ll), Pt(ll), and Ag(l) salts also triggered the
carbocyclization reaction (entries-8). The best results were
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Table 1. Metal-Catalyzed Cyclization of Enyn&dl (Schemes 3
and 4%

entry enyne catalyst (mol %) solvent  product yield (%)
1 1 CpRuCI(PPH) (5)° MeOH 2 92
2 1 RuCk(5) MeOH 2 53
3 1 PdCL(5) MeOH 2 47
4 1 Pd(MeCN)CI; (5) MeOH 2 65
5 1 Pd(MeCN)(BF4).(5) MeOH 2 82
6 1 PtChL(5) acetone 2 94
7 1 PtCL(5) acetong 2 83
8 1 Pt(MeCN)}Cl, (5) MeOH 2 95
9 1 AgOTf(5) dioxane 2 54
10 3 CpRuUCI(PPH, (200 MeOH 4 50
11 3  PtChL(5) MeOH 4 82
12 3  PtCL(5) acetongé 4 81
13 5 PtChL(5) MeOH 4 62
14 6 CpRuCIl(PPH. (20 MeOH 7 81
15 6 PtChL(5) MeOH' 7 43
16 8 PtChL(2) MeOH 9 48
17 10 PtCL(2) MeOH 9 79
18 10 AgOTf (28) dioxane 9 32
19 10 Pd(MeCN)(BF4).(20) dioxane 9 31
20 11 PtCL(5) MeOH 12 87
21 13 CpRuCI(PPH), (50) MeOH 14 79
22 15 PtCL(5) MeOH 16(+17) 50 (+43)
aUnless otherwise stated, all reactions

refluxing conditions for 17 h? 2 equiv (based on Ru) of NaP®ere
also addede Reaction temperature 23 °C. ¢ Reaction time= 48 h.
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obtained by using Ptglor Pt(MeCN}Cl, as the catalysts in
acetone or MeOH as the solvents (entries8§ The cyclization
could not be promoted by proton or Lewis actdsSimilarly,
silane 3 reacts in the presence of CpRuCl(RRt{entry 10) or
PtCkL (entries 11 and 12) to givé. Allylstanannes and6 also
react under these conditions to furnighand 7, respectively
(entries 13-15). Cyclization of allylsilane3 with PtCk catalyst
in refluxing MeOH proceeded rather sluggishly to give six-
membered-ring carbocycl® (entry 16). The corresponding
allylstannanelO was more reactive, furnishing in good yield
with PtCl as the catalyst (entry 17).

Substituted alkynes also react with electrophilic metal catalysts
to give the corresponding carbocycles (Scheme 4). Thus, phenyl-

substituted alkyné1 reacted uneventfully in the presence of RtCI
to give selectivelyz-12 (Table 1, entry 20}® The cyclization of
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exocyclic alkene with a Z-configuratiofi,and17,%° the product
of a formal metal-catalyzed ene-cyclizatidn.

To ascertain the mechanism of the metal-catalyzed cyclization,
the reaction of allylsilan& was carried out using methandj-as
the solvent. Under the conditions of entryI8gave exclusively
2-d;.1® This result indicates that the metal probably coordinates
the alkyne as shown MlIl , thus triggering an anti attack of the
allyl nucleophile. Cleavage of the carbemetal bond ofX (W
= PtCI) by methanob, accounts for the formation &-d;. The

D
PhO,S, -z
PhO,S

Me

S
PhO,S.
PhO,S

“

Me

2-d; 18

isolation of Z-configuredl2 and 16 is also consistent with an
anti attack of the allyl nucleophile to thg-coordinated complex
VIII or a vinyl cationIX. On the other hand, the formation of
14 in the cyclization ofl3 can be explained by an attack of the
allylstannane anti to the more sterically hindered trimethylsilyl
substituent of the vinyl cation, in agreement with that proposed
for a similar cyclization mediated by Hg&A

Trapping of intermediate alkemymetal complexX (W = [M])
could lead to the formation of an additionaC bond. Thus, it

were carried out under could be conceived that insertion of allyl chloride into the

alkeny~Pd bond followed by elimination of Pdg€tould give
an allylated derivativé’ In the event, performing the cyclization
of 1 with Pd(MeCN)Cl, as the catalyst (5 mol %) in THF in the
presence of excess allyl chloridecad A molecular sieves led
stereoselectively td8 (43%)1° along with2 (19%)18

In summary, we have found that the cyclization of allylsilanes
and allylstannanes with alkynes proceeds catalytically in the
presence of a variety of electrophilic metal salts. The use oLPtClI
in methanol or acetone gives rise to the best results in most cases.
This reaction is regio-complementary to that promoted by Lewis
acids® Metathesis-type products, which are the major products
in the cyclization of enynes with electrophilic metal sditare
not formed in this metal-catalyzed cyclizatitSince allylsilanes
and allylstannanes are readily available from allyl carboxyl4t€s,
this new carbocyclization offers a synthetically useful alternative
to the cyclization-carbonylation of allyl halides or carboxylates
with alkynes catalyzed by nickel or palladitthThe stereose-
lective formation of ene-type produt¥ in the cyclization ofl5
is also of interest and suggests that further optimization of the
catalysts by the use of appropriate ligahctsuld lead to a general
synthesis of functionalized carbocycles.
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