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SUMMARY : Treatment of allylic electrophiles containing an additional alkene moiety in 
a suitableposition with CO, NEt3, MeOH, and a catalytic amount of a Pd catalyst, e.g., 
C12Pd(PPh3)2, can induce cyclic acylmetallation followed by carbcnylative esterification to 
produce a-methoxycarbonylmethyl cyclopentenones. 

We have recently reported the synthesis of five- and six-membered cyclic ketones via a 

cyclic acylmetalation reaction of alkenyl and aryl halides catalyzed by palladium 

complexes.* Since ally1 halides and related electrophiles are also known to undergo facile 

oxidative addition to Pd(0) complexes,3 we sought their cyclic acylpalladation as an 

attractive and potentially more economical alternative. Three different types of cyclic 

acylpalladation for ally1 derivatives are conceivable (Scheme I for the synthesis of 

cyclopentenones). 

Scheme I 

Type 1 
-c- X 

Type II / 
c== X 

+z+ [ cp,,,) - Q=yOOR 

0 

co 

Type III 
Pd catalyst 

.______f 
ROH, base 

We naw report that both Type I and Type II cyclic acylpalladation reactions can indeed 

proceed as shown in Schema I to produce the corresponding cyclopentenone derivatives. 

Typically, (E_)-4-chloromethyl-1,4-decadienetl) prepared from 2-cctyn-l-01 via CuI-catalyzed 

allylmagnesiation4 using allylmqnesium bromide in Et20 followed by conversion of the 

resulting alcohol to the corresponding chloride,5 was carbonylated (CO pressure, 600 psi) 

using a 45 mL stainless steel autoclave (Parr Instrument Co.) in 1:l benzene-CH$N for 16 h 
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at IOOOC in the presence of NEt3 (1.5 equiv), MeGH (4 equiv), and C12Pd(PPh3)2 (0.05 

equiv).2b The standard extractive workup followed by distillation provided a 90% yield of 

isomerically pure 2: bp 105-llO°C (0.1 mm Hg, Kugelrohr) (eq 1). This compound was 

identical with that prepared from (~)-l-iodo-2-~-hexyl-l,4-pentadiene(3).2b Although the 

initially formed product must be 4, all our attempts to detect this compound have failed. 

To examine the effects of the leaving group, several derivatives of (E_)-2-allyl-2-nonyn-l- 

01 containing Cl, Br, OAc, oCO2Me, OFO(OEt)2, and OSO2Me (5a-5f) were subjected to the 

above-described acylpalladation conditions. All six compounds reacted as expected and 

produced 6 in 88, 94, 42, 65, 76, and 82 yields, respectively (eq 2). The use of 

Cl2Pd(PEt3)2 as a catalyst led to a 32% yield of 2 along with a 55% yield of a mixture of 

methyl 3-allyldecenoates. The use of cPrOH(55%), &-BuOH(O%), and PhOH(98'8) in place of 

MeOH gave the corresponding cyclized esters in the yields in parentheses, suggesting that 

alcohols of relatively low basicity e.g., MeOH and PhOH, are desirable. As indicated in eq 

3,.even a phenyl group in conjugation with the allylic olefin group, as in 7, does not 

prevent the double bond migration, the only product from 7 being 8. Additional 

substituents on the cyclopentenone ring can be accommodated as indicated by conversion of 

9-11 into 12, 13, and 15, respectively (eqs 4-6). However, some complications were also 

noted. Thus, 12, obtained in 83% yield, was a 82/12 mixture of 12a and 12b. The formation 

of 13 (61% by C&C) was accompanied by that of 14 (33% by GLC). In the low-yield conversion 

of 11 into 15, however, no other byproducts were detectable by GIG. The preparation of 9 

and 10 was readily achieved via the above-mentioned CuI-catalyzed allylmagnesiation4 using 

crotylmagnesium bromide and methyallylmagnesium bromide, respectively, while that of 11 

involved the CuI-catalyzed allylmagnesiation of 2-butyn-l-01, oxidation, addition of 

MeMgBr, conversion of the alcohol into the chloride. 

To probe the feasibility of Type II cyclic acylpalladation, 16 was prepared from 2- 

nonyn-l-01 via reduction with LiA1H4-icdinolysis,7 vinylation with vinylzinc bromide (3 

equiv) and 5 mol % of C12Pd(PPh3)2,8 and conversion of the alcohol into the chloride.5 

Cyclic acylpalladation of 16 under the same conditions as above for 24 h indeed produced 

the expected product 17 in 50% yield along with very minor amounts (2-3% each) of 18 and 19 

(eq 7). In the reaction of 20, the product 21 was isomerically pure, although its yield 

was relatively low (eq 8). That Type II acylpalladation must require the cis configuration 

of the pentadienyl moiety was indicated by clean conversion of (E_)-5-bromo-1,3- 

pentadiene(22) into the carbonylative esterification product 23 in 94% yield. 

Interestingly, 24 was converted into an 80:20 mixture of 25 formed via Type I 

acylpalladation and 26 formed via Type II acylpalladation in 62% overall yield. 

Unfortunately, our attempts to induce Type III cyclic acylpalladation using 27 as the 

substrate led to a mixture of unidentified products without producing the desired 

cyclization product in any significant (>5-10%) yield. Spectral data of the above mixture 

suggest that carbonylative esterification and elimination of 27 must have taken place as 

side reactions. 
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