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@-Keto esters are important intermediates used for re- 
gioselective alkylation of ketones. After their regioselective 
mono- or dialkylation, mono- or dialkyl ketones are derived 
by hydrolysis and subsequent decarboxylation. However, 
usual alkaline hydrolysis of @-keto esters is often com- 
plicated by a competing fission reaction to afford esters 
or acids, particularly when the a-position is disubstituted, 
and several improved methods for smooth dealkoxy- 
carbonylation have been rep0rted.l The ester-cleavage 
reaction promoted by halides or cyanide ion in aqueous 
aprotic solvents gives improved yieldse2 More smooth 
decarboxylation has been carried out with t - b ~ t y l , ~  2- 
tetrahydropyranyl, or benzyl esters of p-keto carboxylic 
acids: which undergo decarboxylation after acid-catalyzed 
hydrolysis or hydrogenolysis. We wish to report here allyl 
@-keto carboxylates as a new entry to @-keto esters which 
undergo palladium-catalyzed decarboxylation under very 
mild conditions without using acids or bases. 

We have reported that allylic esters can be used for the 
protection of carboxylic acids.5 Allylic esters can be 
converted to free acids easily by palladium-catalyzed re- 
action with ammonium formate.6 Then we have found 
that decarboxylation of @-keto esters can be carried out 
under very mild conditions by the application of this 
formate reaction (Scheme I). The deallyloxycarbonylation 
proceeds smoothly to give ketones in high yieldsS7 Some 
results are shown in Table I. 

The reaction can be carried out smoothly with tertiary 
amine salts (typically triethylamine) of formic acid in THF 
at room temperature (method A). The reaction conditions 
are mild and nearly neutral, and hence other functional 
groups present in the same molecule can be kept intact. 
For example, methyl ester was not hydrolyzed (run 8). 
Even more labile tetrahydropyranyl ether remained intact 
(run 7). Also no retro-Dieckmann product by ring fission 
of cyclic @-keto esters was obtained (runs 5-11). One se- 
rious side reaction expected for the @-keto esters 4 is re- 
tro-Michael reaction, but desired deallyloxycarbonylation 
proceeded selectively by the formate method (run 4). The 
reaction with ammonium formate did not proceed at  room 
temperature due to poor solubility of ammonium formate 
in organic solvents but proceeds in boiling dioxane (method 
B). 
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Table I. Palladium-Catalyzed Reaction of Allyl 6-Keto 
Carboxylates with Ammonium Formate  
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“Method A ester (1 mmol), Pd(OA& (0.025 mmol), PPh3 (0.05 
mmol), HCO2HNEt8 in T H F  a t  room temperature (see, Experi- 
mental Section). Method B: ester (1 mmol), Pd(OA& (0.025 
mmol), PPha  (0.05 mmol), ammonium formate (2.0 mmol) in boil- 
ing dioxane. *All products were identified with authentic samples. 

The reaction can be explained by the following mecha- 
Oxidative addition of allyl @-keto 

IBolated yield: GLC yield in parentheses. 

nism (Scheme 11). 
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carboxylate 13 to Pd(0) affords the 7r-allylpalladium car- 
boxylate complex 14, which reacts with ammonium for- 
mate to give 7-allylpalladium formate 15 and ketone 16 
after decarboxylation. Decarboxylation of 7-allyl palla- 
dium formate 15 gives the palladium hydride complex 17, 
which undergoes reductive elimination t o  give propene 
with regeneration of Pd(0). 

Allyl @-keto carboxylates are prepared easily from cor- 
responding ketones by the reaction of diallyl carbonate or 
allyl chloroformate. T h e n  their alkylation or Michael 
addition can be carried out easily with weak bases such 
as K2C03.9 Finally t h e  removal of the allyl esters is 
possible by the  palladium-catalyzed reaction of formate 
under mild conditions as reported in  this paper. 

Experimental Section 
General. Boiling points are uncorrected. 'H NMR spectra 

were taken at  60 MHz with a Hitachi €3-24A spectrometer using 
CCll as solvent. Chemical Shifts are given in 6 units (in ppm) 
relative to tetramethylsilane as an internal standard. Infrared 
spectra were recorded on a JASCO IRA-2 spectrophotometer. 

Preparation of Allyl B-Keto Carboxylates. Allyl 3-oxo- 
nonanoate (1). To a solution of diallyl carbonate (5.0 g, 35.2 
mmol) and NaH (50% in mineral oil, 2.8 g, 58.5 mmol) in dry 
benzene was added 2-octanone (3.0 g, 23.4 mmol), and the mixture 
was refluxed for 5 h. HCl (3 N) was added to the mixture at  0 
"C, and the mixture was extracted with dichloromethane. The 
extract was washed with brine and dried over MgSO,. After 
evaporation of the solvent, the residue was distilled under reduced 
pressure to give 1 (3.97 g, 79%): bp 89-94 "C (3 torr); IR (neat) 
3080,2940, 1740, 1720, 1645, 1630,995,935 cm-'; NMR 1.6-2.0 
(m, 11 H), 2.45 (t, J = 6 Hz, 3 H), 3.29 (9, 2 H), 4.52 (d, J = 5 
Hz, 2 H), 5.0-5.5 (m, 2 H), 5.5-6.3 (m, 1 H). Anal. Calcd for 
Cl2HZ0O3: C, 67.89; H, 9.50. Found: C, 67.99; H, 9.41. 

a,a-Disubstituted @-keto esters 2,4,5,9, and 11 were prepared 
by the reactions of the @-keto ester 1 with methyl iodide (SO%), 
allyl acetoacetate with 2-methyl-2-cyclopentenone (79%), allyl 
2-oxocyclopentanone'o with pentyl bromide (76%), allyl 2-oxo- 
cyclohexanecarboxylate with methyl acrylate (82%), and allyl 
2-oxocyclododecanecaboxylate with methyl iodide (82%) using 
K2CO3 as base in boiling acetone according to the l i t e r a t~ re .~  

Allyl 3-0~0-2,2-dimethylnonanoate (2): bp 117-120 "C (3 
torr); IR (neat) 3080,2940,1735,1715,1645,1470,1380,1150, 
995 cm-'; NMR 0.8-1.0 (t, J = 5 Hz, 3 H), 1.28 (9, 6 H), 1.2-1.7 
(m, 8 H), 2.15-2.45 (t, J = 6 Hz), 4.35-4.50 (d, J = 5 Hz, 2 H), 
4.95-5.35 (m, 2 H), 5.5-6.1 (m, 1 H). Anal. Calcd for C14H2403: 
C, 69.96; H, 10.07. Found: C, 69.73; H, 10.15. 

Allyl 2-(2-methyl-3-oxocyclopentyl)-3-oxobutanoate (4):  
bp 155-158 "C (3 torr); IR (neat) 3080, 2945, 2880, 1735, 1715, 
1705, 1645, 1380 cm-'; NMR 0.95-1.23 (d, J = 7 Hz, 3 H), 1.3-2.4 
(m, 6 H), 2.2 (s, 3 H), 3.28-3.45 (dd, 1 H, J = 5,7 Hz), 4.41-4.50 
(d, J = 6 Hz, 2 H), 5.0-5.53 (m, 2 H), 5.55-6.0 (m, 1 H). Anal. 
Calcd for C13H1804: C, 65.53; H, 7.61. Found: C, 65.42; H, 7.57. 

Allyl 1-pentyl-2-oxocyclopentanecarboxylate (5): bp 
137-139 "C (2 torr); IR (neat) 3080,2925,2850,1740,1715,1642, 
1740, 990 cm-'; NMR 0.8-0.95 (t, J = 3 Hz, 3 H), 1.0-1.5 (m, 8 
H), 1.6-2.5 (m, 6 H), 4.3-4.45 (d, J = 5 Hz, 2 H), 4.9-5.35 (m, 2 
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H), 5.55-6.0 (m, 1 H). Anal. Calcd for C14H2203: C, 70.55; H, 
9.30. Found: C, 70.29; H, 9.45. 

Allyl l-[2-(methoxycarbonyl)ethyl]-2-oxocyclohexane- 
carboxylate (9): bp 142-143 "C (0.1 torr); IR (neat) 3080,2940, 
2850, 1730, 1705, 1645, 1440, 1380, 990 cm-'; NMR 0.8-2.6 (m, 
12 H), 3.55 (s, 3 H), 4.45-4.65 (d, J = 6 Hz, 2 H), 5.05-5.45 (m, 
2 H), 5.53-6.0 (m, 1 H). Anal. Calcd for C14H20O6: C, 62.67; H, 
7.51. Found 62.88; H, 7.59. 

Allyl 1-methyl-2-oxocyclododecanecarboxylate (1 1): bp 
160 "C (3 torr); IR (neat) 3080,2925,1735,1708,1645,1470,1140, 
990 cm-'; NMR 0.9-1.5 (m, 18 H), 1.2 (s, 3 H), 1.7-2.35 (m, 2 H) 
4.3-4.5 (d, 2 H, J = 6 Hz) 4.9-5.3 (m, 2 H), 5.4-6.0 (m, 1 H). Anal. 
Calcd for C1,H2803: C, 72.82; H, 10.06. Found: C, 73.12; H, 10.06. 

Allyl l-[2-(Tetrahydropyranyloxy)methyl]-2-oxocyclo- 
pentanecarboxylate (7). A mixture of formaldehyde (37% 
solution in water, 4.8 mL, 60 mmol), allyl alcohol (8.0 mL, 120 
mmol), allyl 2-oxocyclopentanecarboxylate (3.96 g, 20 mmol), and 
KHC03 (200 mg, 2 mmol) was vigorously stirred at  0 "C for 15 
min and at room temperature for 10 min. Saturated ammonium 
chloride solution (10 mL) was added to the mixture, and the 
mixture was extracted with ether. The ethereal solution was 
washed with brine, dried over MgS04, and concentrated in vacuo. 
Distillation of the residue gave allyl l-(hydroxymethyl)-2-0~0- 
cyclopentanecarboxylate (3.5 g, 77%): bp 98 "C (4 torr); IR (neat) 
340C-3280,2940,1735,1715,1645,1125,1020 cm-'; NMR 1.9-2.4 
(m, 6 H), 3.75 (s, 2 H), 3.9-4.05 (d, J = 4, 1 H), 4.45-4.65 (m, 2 
H), 5.0-5.4 (m, 2 H), 5.54-6.2 (m, 1 H). 

Allyl l-(hydroxymethyl)-2-oxocyclopentanecarboxylate (3.5 g, 
17.6 mmol) was converted to ether 7 (3.6 g, 72%, after chroma- 
tographic purification on SiOz with ether-hexane (1:13)) with 
dihydropyran in the presence of a catalytic amount of p-TsOH 
in dry CH2Clz at  0 "C. ': IR (neat) 3080,2925,1735,1710,1645, 
1440, 1020 cm-'; NMR 1.4-1.8 (m, 6 H), 2.C-2.5 (m, 6 H), 3.2-4.05 
(m, 4 H), 4.4-5.1 (d, J = 4 Hz, 2 H, 1 H), 4.9-5.4 (m, 2 H), 5.5-6.25 
(m, 1 H). Anal. Calcd. for C15H2205: C, 63.81; H, 7.85. Found: 
C, 63.83; H, 8.07. 

General Procedure for Deallyloxycarbonylation of Allyl 
@-Keto Carboxylates. Palladium-Catalyzed Reaction of Allyl 
Ester 11 with HC02H-Et3N to the Ketone 12 (Method A). 
To a stirred solution of palladium acetate (11 mg, 0.05 mmol) and 
PPh3 (26 mg, 0.1 mmol) in dry THF (3 mL) was added in one 
portion a mixture of formic acid (0.18 mL, 4 mmol) and EhN (0.83 
mL, 5 mmol) in THF (2 mL) at  room temperature under argon. 
The mixture was vigorously stirred and a solution of allyl ester 
11 (536 mg, 2 mmol) in dry THF (1 mL) was added, and the 
resulting mixture was stirred for additional 30 min. The mixture 
was passed through a short Si02 column, followed by ether 
washing. After the filtrate was concentrated in vacuo, the residue 
was chromatographed on SiOz with hexane-ether (101) to afford 
the ketone 12 (339 mg, 92%). 
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