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Among the reactions of alkyllithium compounds, two of the best known are the abstraction 

of a proton from a carboxylic acid to form a lithium salt’ and the exchange of lithium with one 

bromine from a gem-dibromoalkane to form an a-bromoalkyllithium intermediate’. This paper 

reports the results of an intramolecular competition experiment, which suggest that the 

latter reaction proceeds faster than the former, and the utilization of this phenomenon to 

effect the stereoselective reduction of compound 1 to compound 2 shown below. 
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ester of 1 was prepared in 25% yield by addition of dibromocarbene to methyl - 

the Doering-Hoffmann procedure3. A sample of this ester has also been 

prepared by reaction of methyl methacrylate with phenyl(tribromomethyl)mercury in refluxing 

4 
benzene by the method of Seyferth, et al : -- bp. ‘06-jO9” (25 mm.); nD25 1.5173; ir 

(CC14) ucco 1740 cm-‘; pmr (CC14) 6 3.77 (5, 3, OC13), 2.40 (d, I, J = 7.5 Hz, HCH) , I .59 

(s, 3, C-W3) 1.53 (d, 1, J = 7.5 Hz, HCF); mass spectrum (50 V) m/e (relative intensity) - 

274 (0.15)) 272 (0.30)) 270 (0.15), 193 (47), 191 (51)) 165 (100)) 163 (100). Carboxylic 

acid la is prepared by saponification of the ester: mp. IlO-112.5”; -1 
- ir (CC14) VcXo 1710 cm ; 

pmr (CDC13) 6 11.58 (s, 1, COO{), 2.44 (d, 1, J = 8 Hz, FCH), 1.63 (s, 3, W3), 1.62 

(d, 1, J = 8 Hz, HCE). The large chemical shift difference between the two geminal 

cyclopropyl protons is consistent with nmr spectra reported for other I-methy’cyclopropyl 

carboxyl compounds, and the upfield doublet is assigned to the proton cis to the methyl group5. - 
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When 10 mMole methyllithium (Alfa) in 15 ml ether is added dropwise to a stirred 

solution of 2.6 g (10 mMole) of la in 15 ml ether at O’, a pmr spectrum of an aliquot - 

of the reaction mixture indicates the formation of methyl bromide. After stirring for 

90 minutes at O’, the clear reaction mixture is quenched with dilute hydrochlor’c acid, the 

ethereal layer separated, and the aqueous layer extracted with two 50 ml portions of 

ether. Removal of solvent from the combined ethereal solutions under reduced pressure 

affords 1.6 g of a residual oil. The pmr spectrum of this residue shows that it 

consists of a 2:5 ratio of starting material (22% recovery) to product 2a (58% yield): - 

bp 161-163“ (45 mm); nD 25 1.5028; ir (CCl4) ‘JC=~ 1690 cm -‘; pmr (CCl4) 6 12.19 (5, 1, COOH), 

3.54 (dd, 1, J = 6 Hz, 8 Hz, CBrH), 1 .Yl (dd, 1, J = 6 Hz, 8 Hz, HCH), 1.47 (s, 3, Cq), 

1.04 (t, 1, J = 6 Hz, HCH); mass spectrum (50 V) m/e (relative intensity) ‘80 (4), - 

‘78 (4), 99 (‘00). 

If a second equivalent of methyllithium is added to the reaction mixture before quenching, 

ketone & is recovered: ‘r (CC14) vcZo 1700 cm-‘; pmr (CCl4) 6 3.31 (dd, 1, J = 5 Hz, 8 Hz, 

CiBr) , 2.19 (s, 3, COCt13), 1.84 (dd, 1, J - 5Hz, ~Hz, t$H) , 1 .57 (s, 3, CCg3), 0.88 

(t, 1, J = 5 Hz HCH); mass spectrum (50 V) m/e (relative intensity) 163 (I), ‘6’ (1), 97 (100). 

The stereochemistry of 2 and 2 is assigned with the aid of isotopic substitution: when 

1 equivalent of methyllithium is added to the deuterium substituted carboxylic acid &, the 

pmr spectrum of the product shows the same singlets as la, but there is no resonance in the 

region 3.0 6 to 4.0 6, and the resonances at 1.91 6 and 1.04 6 are both collapsed to 

doublets (J = 6 Hz). It is inferred that the methine position, geminal to bromine, is 

deuterated, > 95 atom 9; D, and that the geminal splitting constant of the methylene protons 

is 6 Hz. Hence, in &, the vicinal coupling between the downfield methylene proton and 

the methine proton is 8 Hz, while the vicinal coupling between the upf’eld methylene proton 

and the methine is 6 Hz. These coupling constants are comparable to those reported for other 

substituted cyclopropanes, and it is known that the vicinal coupling constant for cis protons - 

is greater than for trans protons in substituted cyclopropanes 
6 

. As the downfield methylene 

proton in 2 must be cis to the carboxyl function, and as it also has a greater coupling to 

the methine, the methine proton in 2a must be cis to the carboxyl group. The pmr spectrum - - 

of 2, from reduction of kwith 2 equivalents of methyllithium, is consistent with this 

conclusion: both methylene resonances are collapsed to doublets, J = 5 Hz. 



The following observations are made regarding the conversion of 1 to 2. First, the 

lithium salt of I_, prepared from reaction of la with lithium hydride, is stable under the - 

reaction conditions. Second, quenching of the reduction of kwith DCI, 4fl in D20, affords 

no &; similarly, quenching the reduction of swith HCI affords no 2a. - The sequence 

illustrated in Scheme I is proposed to explain these results. From the amount of starting 

material recovered in the conversion of 1 to 2, it is estimated that reaction via path A 

occurs at least 2.5 times as fast as reaction via path 6. 

No speculation is made regarding the mechanism of path A; whether intermediate A is 

formed stereoselectively or if, indeed, it is configurationally stable. However, as the 

lifetime of a-bromocyclopropyilithium compounds is brief, owing to the rapid elimination of 

lithium bromide to yield cyclopropylidenes7, intramolecular quenching of 4 is postulated to - 

account for the stereoselectivity of the reduction. 
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It is significant to note, by contrast, the reaction of lwith a Grignard reagent, for 

methylmagnesium bromide is reported to reduce gem-dibromocyclopropanes, possibly via a 

0 
radical process . When methylmagnesium bromide in tetrahydrofuran (along with excess 

methyl bromide) is added dropwise to a stirred solution of la at 0“. imnediate gas - 

evolution is observed and the solution becomes slightly turbid. Apparently a magnesium 

salt Is formed, for, on acid workup, a quantitative yield of starting material is 

recovered. This salt is inert to further reaction with the Grignard reagent, and 

starting material is recovered quantitatively even after 17 hours reflux with a 

second equivalent of methylmagnesium bromide. 
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