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of a hexane solution which was 2.35 M (20 nol) in butyl lithium. The solution was stirred 

for 15 minutes and cooled to -78O before 1.60 g (19 mnol) of y-butyrolactone were added, 

followed, after 45 minutes at -78', by 7.4 g (40 mnol) of dimethyl(methylene)amaonium iodide. 

The resulting suspension was stirred at -78' for 30 minutes and gradually allowed to warm to 

room temperature. Solvent was removed at reduced pressure; the residue was dissolved in 

20 ml of methanol; excess (15 ml) of methyl iodide was added; and the resulting mixture was 

stirred at room temperature for 24 hours. Solvent was removed at reduced pressure, giving 

a white solid which was shaken with 70 ml of 5% aqueous sodium bicarbonate (44 tnnol) and 

50 ml of dichloromethane until all of the solids dissolved. The aqueous layer was extracted 

with five 40 ml portions of dichloromethane. The combined organic extracts were dried over 

magnesium sulfate and solvent was removed at reduced pressure to afford 2.4.g of a pale yel- 

low oil. Medium pressure chromatography of the residue on silica gel with 9:l dichlorometh- 

ane:acetone afforded 1.21 g (67%) of tulipalin A', which gave a single peak on a 500' X 0.03' 

open tubular column coated with SF-96-50. The IR and NMR spectra of the a-methylene lactone 

were identical to those reported in the literature. 10a 

In a similar sequence of reactions, 1.76 g (20 mnol) of methyl propionate were converted 

to the corresponding a-methylene ester'lin 80% yield.12 Elimination of the methyl iodide 

salt of the acyclic ester proved to be more difficult than for the lactone. The formation 

of the quaternary methyl iodide salt was carried out on the isolated Mannich fntermediate at 

-2O'C in 2 ml of methanol with 8.5 g (60 mnol) of methyl iodide. The salt was dissolved in 

40 ml (1.1 equiv) of 5% aqueous sodium bicarbonate, 30 ml of methylene chloride was added and 

the resulting two phase system vigorously stirred for 24 hrs., after which it was worked up 

in the usual way. Both quaternisation and elimination reactions were quantitative. As be- 

fore, IR and NNR spectra were identical to those reported in the literature. 13 

Alkylation of the enolate generated from cyclohexanone proved to be more difficult. In 

several early experiments (see Table l), the salt was added to a rapidly stirred solution of 
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Table 1. REACTION WITH CYCLOHEXANONE 

Rxn 
Order of 
Addition 

normalC 

normal 

normal 

normal 

inverse 

inverse 

TOP. 

50 

25 

25 

-78 

-78 

-78 

Time 
Min Amine/Ketoned 

10 45155 

15 50/50 

60 50/50 

45 60140 

10 80/20 

60 96/4 

a) Cleaved with methyl lithium. b) With HMPA. c) Salt added' o eno- 
late. d) Determined by glpc. The amine cleanly pyrolyzed to 2- f ethyl- 
enecyclohexanone upon injection. The ratio was determined before work-up 
with hydrochloric acid. 
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the enolate, and after work-up, 40-55% of the enolate was recovered as cyclohexanone. The 

low yields of amine were possibly due to equilibration of the less stable enolate of cycylo- 

hexanone with the newly formed ketoamine. Inverse addition gave improved conversions with 

the percentage of recovered starting ketone varying between ZO-22% when lithium diisopropyl 

amide was used to generate the enolate and between 4-10X when potassium hydride served as 

the base. The potassium hydride procedure is described below. 

Procedure B (Ketones). To a stirred solution of 0.27 g (6.7 ssaol) of potassium hydride 

(Alfa-Ventron) in 5 ml of anhydrous tetrahydrofuran were added at O', 0.42 g (4.3 nssol) of 

dry cyclohexanone in 1 ml of tetrahydrofuran. After 5 minutes the contents of the flask were 

transfered via syringe to a cooled addition funnel (-78“) and slowly added to a rapidly stir- - 
red slurry of 1.6 g (8.6 imnol) of dimethyl(methylene)ammonium iodide in 10 ml of dry tetra- 

hydrofuran at -7B0. After addition was complete, the contents of the flask were allowed to 

warm to room temperature (ca. 30 minutes) and stirring was continued for an addltional 30 - 
minutes. Saturated sodium chloride solution (ca. 5 ml) was added, followed by enough water - 
to just dissolve the salts. The layers were separated, and tetrahydrofuran was raved at 

reduced pressure. The water layer was made basic with aqueous sodium hydroxide, and the 

aqueous phase was extracted four times with pentane. The pentane extracts were added to the 

residue left after removal of tetrahydrofuran, and the resulting mixture was extracted with 

cold 5N hydrochloric acid. The aqueous layer was washed three times with pentane before 

addition of cold 10N sodium hydroxide. The resulting basic solution was extracted four times 

with pentane and the combined pentane extracts were washed with saturated sodium chloride 

solution before drying over sodium sulfate. Removal of solvent gave 0.60 g (90%) of a light 

yellow oil whose IR, NMR, and mass spectra (ei and ci) were consistent with the structure of 

the known8 Mannich base. On a slightly larger scale, 1.05 g (88%) of the aminoketone was 

obtained. 

The use of Eschenmoser's salt provides a convenient entry to Mannich intermediates 

which can easily be converted to the corresponding a-methylene carbonyl compounds. In those 

cases where the regiospecific generation of ketone enolates is not possible, the independent 

observations by Danishefsky et. al 8 - -* and Hoot &. fl. l4 that Eschenmoser's salt reacts direct- 

ly with silyl enol ethers and enol borinates contributes to the synthetic utility of the re- 

action." 
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