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Abstract 

A palladium-catalyzed transformation of 1-(3-methoxycarbonyloxy-l-propynyl)cyclobutanols to cyclo- 
pentanones on treatment with phenol derivatives is described. This process can be visualized to proceed via 
nucleophilic attack to allenyl palladium species by phenol, followed by ring expansion reaction of rr-allylpalladium 
complex to form the corresponding cyciopentanone. © 1999 Elsevier Science Ltd. All rights reserved. 
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Palladium-promoted ring expansion reactions of 1-alkenyl or 1-alkynyl cyclobutanols is a well- 
investigated reaction that is triggered by release in the strain of the four-membered ring systems) ,2 
This useful methodology for the construction of five-membered ring systems has been successfully 
applied to the synthesis of natural products. 3 Recently, we have developed a cascade insertion-ring 
expansion reaction of allenylcyclobutanols with aryl iodides. 4 The reaction enables the formation of a car- 
bon-carbon bond along with expansion of the four-membered ring system in a one-pot process. Propargyl 
carbonates undergo a variety of palladium-catalyzed transformations with nucleophiles, which constitute 
an important class of palladium-catalyzed reactions. 5,6 Here, we report a novel type of palladium- 
catalyzed cascade ring expansion reaction of 1-(3-methoxycarbonyloxy-l-propynyl)cyclobutanols 1 with 
phenols. The reaction can generate a carbon-oxygen bond to afford cyclopentanones 2 in a one-pot 
process (Scheme 1). 
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Table 1 

Cascade reactions of cyclobutanols with p-cresol 

5 tool % Pd2(dba)3.CHCI3" 
20 mol % dppe, dioxane 4 R' 5 

80 °C, 1-2 h 

entry substrate product yield(%) 

1 3a R = R ' = H  4 81 

2 3b R = Heptyl R' = H 5b 80 
3 3c R = P h  R ' = H  5c 83 
4 3d R + R' = Cyclohexyl 5d 99 

Cascade reactions were first studied using 1-(3-methoxycarbonyloxy-1-propynyl)cyclobutanols 3a--d 7 
and p-cresol (Table 1). Treatment of 3a and p-cresol with 5 mol% Pd2(dba)3 .CHC13, 20 mol% dppe in 
dioxane at 80°C for 1 h provided the isomerized cyclopentanone 4 in 81% yield (entry 1). When 2-alkyl- 
or 2-aryl-substituted substrate 3b or 3c were subjected to the reaction, the trans-cyclopentanone 5b or 
5c was obtained as the sole product (entries 2 and 3). 8 Similarly, the 2,2-disubstituted substrate 3d was 
transformed into 5d in quantitative yield (entry 4). Thus, it was evident that the reactions proceeded in 
regio- and diastereoselective manners at the more substituted carbon. 

We then examined the reactions of 3b and its diastereomer 3b' with a variety of substituted phe- 
nols (Table 2). When 3b was treated with the electron donating group-substituted phenols, trans- 
cyclopentanones 6 were selectively produced in high yields (entries 1-4). Since the isomers 8 were 
also provided in accordance with increase in the acidity of the phenols, it is expected that acid-catalyzed 
isomerization occcured (entries 5-7). In contrast with the case of 3b, the isomers 8 were mainly obtained 
from 3b' ,  and cis-cyclopentanones 7 were obtained as minor products when electron enriched phenols 

Table 2 
Cascade reactions with various substituted phenols 

1.2 eq. X _ + 

" . . ~  5 tool % Pd2(dba)3.CHCI3 : . . ~  
3b R--dOH 20 mol % dppe, dioxane 

80 °C, 1-2 h 6 R'=.,,H 8 
3b' R=,,OH 7 R ' - ' H  

entry substrate X product yield (%) 

1 3b 4-OMe 6 98 
2 3b 2,4,6-Trimethyl 6 90 
3 3b 4-Me 6 80 

4 3b 2-OMe 6 93 
5 3b H 6:8 = 65:35" 94 
6 3b 4-CI 6:8 = 68:32" 67 
7 3b 4-NO2 8 23 

8 3b' 4-OMe 7:8 = 36:64" 98 

9 3b' 2,4,6-Trimethyl 7:8 = 23:77" 98 
10 3b' 4-Me 8 92 
11 3b' 2-OMe 8 93 

12 3b' H 8 97 
13 3b' 4-CI 8 96 
14 3b' 4-NO2 8 70 

* The product ratio was determined by IH-NMR. 
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were used (entries 8 and 9). These reactions generally proceeded in high yields except in the case of 
nitrophenol (entries 7 and 14). 

A plausible mechanism for the reacion is shown in Scheme 2. The propargylic carbonate 1 would 
be converted into the allenylpalladium methoxide 9 by reaction with palladium(0). The complex 9 
would be subjected to the nucleophilic attack by phenols to lead to the rt-allylpalladium complex 
11 via the intermediate 10. Finally, ring expansion reaction of 11 would give the phenoxy-substituted 
cyclopentanone 2, which further isomerizes to 12 under the same reaction conditions. 
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Scheme 2. 

Scheme 3 provides a possible explanation for the diastereoselectivity of the reactions. It can be presu- 
med that the stereochemistry of the reaction is controlled by the conformation of the rt-allylpalladium 
complex during the ring expansion step. Thus, in the case of 3b, the ring expansion process would proceed 
via 13, the most stable conformer, to give 6. Similarly, when diastereomer 3b' is employed, 7 would be 
produced via 14. But 7 is very unstable due to the steric interaction, and can easily isomerize to 8. 
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Scheme 3. 

In conclusion, we have developed a novel type of cascade ring expansion reaction of 1-(3- 
methoxycarbonyloxy- 1-propynyl)cyclobutanols with phenols. Efforts to extend the scope of this reaction 
are currently in progress. 
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