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The reaction of organolithium reagents and carboxylic acids is a popular 

method for the synthesis of ketones.' To date, S,y-unsaturated acids have led 

to the expected product.*j3 We report the first example of a reaction of an 

organolithium compound with a S,y-unsaturated carboxylic acid which leads to a 

rearranged ketone, and note that this novel rearrangement, if undesired, can be 

suppressed by proper choice of solvent. 

Dropwise addition of two equivalents of methyl lithium to an ethereal so- 

lution of 2-methyl-2-carboxymethylenecyclohexane,4'5 J., at O°C under nitrogen 

followed by reflux overnight and workup with either 10% hydrochloric acid or 

saturated ammcnium chloride solution gave a crude reaction mixture shown by 

glpc to consist of only one prcduct (eqn. 1). The spectral properties of the 

product,5 isolated by glpc,' are in accord with 2-methylcyclohexenylacetone, 2, 

rather than the expected product 2-methyl-2-acetylmethylenecyclohexane, 2. For 

example, the nmr of 2 has singlet, c at 61.6 and 2.0, but shows no abscrption in 

the region characteristic for exocyclic methylene protons around 65.0.7 The 

assigned structure for 2 is further verified by an independent synthesis from 

the reaction cf methyl lithium with 2-methyl-1-cyclohexenyl acetonitrile,e 2. 

The formation of 2 from reaction of A with methyl lithium can be rational- 

ized by the mechanism shcwn in equation 2. Presumably the first equivalent of 

methyl lithium forms the lithium salt of the acid and the second equivalent 

adds across the carbonyl to give the dilithio ccmpound,' 2. Breakdown of 2 

then generates the resonance stabilized ally1 anion 6 and lithium acetate, 1. 

Reaction of the primary end of the allylic anion (or ally1 lithium), 6, with 

lithium acetate gives the rearranged dilithio compound, 8_, which cn workup 

yields the rearranged ketone, 2. The following evidence provides support for 

the proposed mechanism. First, when the reaction is worked up after only three 
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hours in refluxing ether, 1,2-dimethylcyclohexene,l" ketone 2 and unreacted 

acid 1, are the isolated products. This indicates that the ally1 anion (or 

ally1 lithium), 6, is an intermediate in the rearrangement of 5 to 8 and argues 

against a concerted rearrangement. Secondly, treatment of L with ethereal meth- 

yl lithium (0.6 ml) in n-hexane (5 ml) at 35OC fcr three hours, gives the normal 

ketone,5 2, in about 90s yield and less than 5% of the rearranged ketone, 2 

(eqn. 3). Thus by simply changing the solvent, the rearrangement can be almost 

completely suppressed, allowing either the rearranged or the normal ketone to 

be obtained by the proper choice of solvent. Presumably, the fragmentation of 

5 occurs more readily in solvents like ether which are better at solvating the 

lithium cation." Finally, treatment of the ethyl ester of 1 with methyl lith- 

ium in ether yields 2 in addition to the tertiary alcohol, 2, indicating that 

the monolithium salt, l0, does not fragment, Thus the dilithio salt is re- 

quired for the rearrangement to occur, perhaps because its dianlonic character 

provides an electrostatic driving force for the elimination. There are litera- 

ture precedents for elimination occurring from dilithio salts when the elimina- 

tion results in formation of a particularly stable anion.12 

We are left with the intriguing question of why 1 in ether undergoes re- 

arrangement on treatment with organolithium reagents while other $,y-unsaturated 

acids in ether are reported to yield unrearranged ketones.2'3 We suggest that 

the rearrangement is particularly favorable in this case because of two factors. 

First, the relief of steric crowding in the dilithio salt, 2, should provide 

some driving force for the fragmentation. Second, and perhaps most important, 

the dilithio group in 2 will sometimes be axial where it can gain full advantage 

of the stabilizing effect of the ally1 anion resonance as the elimination takes 

place (see ll). This could lower the transition state energy for the elimina- 

tion considerably. 

In summary, we observe a novel rearrangement upon reaction of & with methyl 

lithium in ether, suggesting that this solvent should be used with caution for 

reactions of (3,y-unsaturated acids with organolithium reagents. Non polar sol- 

vents like hexane, with a small amount of ether added to enhance solubllity, may 

be a better choice of solvent. 
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