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Potassium and the higher alkali metals form lamellar compounds with graphite.' The best 

known is CBK which, though easily prepared,* has seen only limited use in synthesis.3 Pertinent 

to the present work is its reaction with ketones , where it has been reported to function primarily 

as a reducing agent. 2 

toward weak acids,4 

Recently, however, CBK has been shown also to have Lewis base properties 

and it has been used to generate anions from nitriles and activated esters. 5 

Sodium has a lesser tendency to intercalate in graphite, but it can be adsorbed on the sur- 

face of amorphous carbon (charcoal) to produce a highly reactive, pyrophoric form of the metal. 

Highly reactive forms of sodium and potassium also can be obtained by dispersal on other surfaces. 

We wish to describe here the synthetic use of these materials, as well as CBK, in generating 

ketone enolates on surfaces. We will use the following abbreviations: HSS-C6 or HSP-C (high sur- 

face sodium or potassium on charcoal) HSS-G or HSS-A (high surface sodium on graphite or alumina). 

Preparation of HSS.6 The apparatus consists of a flask equipped with a stainless steel 

sweep-type stirrer, an inert gas inlet and outlet, and a port for adding the metal. Activated 

charcoal ' (weighed and predried at 200°C under vacuum for 1 h) was heated to 120°C under nitrogen 

with the stirrer at 100-300 RPM (the charcoal expands to about twice its settled volume). Sodium 

(weighed, and cut in 5-50 mg pieces) was added over 15 min. As soon as the mEta melted, the 

contents were stirred more rapidly (10 min), then cooled to room temperature. 

Other alkali metal preparations were carried out in a similar manner.' 

Ketone Alkylation. --- A condenser and addition funnel were added to the apparatus, and hexane 

was added to the cooled HSS, HSP or CBK, to make a slurry. A solution of ketone in hexane was 

added slowly at room temperature, and the mixture was stirred until hydrogen evolution ceased 

(the reaction is exothermic; if bubbling became too vigorous the flask was cooled briefly in an 

ice bath). A solution of alkyl halide in hexane was added, the mixture was refluxed for 0.5-2 h, 

then cooled to room temperature. Unreacted sodium was destroyed, first with ethanol, then water, 

and the reaction was worked up. 10 

Results. The Table shows the results of several ketone alkylations. The percentages are 

calibrated true yields based on standardized glpc responses. We can make several generalizations: 

(a) monoalkylation predominates, usually to a greater extent than for comparable reactions in 
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Table 1. Ketone Alkylation with High Surface Alkali Metalsa 

Ketone Metal (%) Alkyl Halide 
Products (%) 

Reductionb Monoalkyl Dialkyl Other 

HSS-C(20) 

HSS-G(20) 

HSS-G(20) 

HSP-C(10) 

CH+ 

CH31 

CH31d 

CH31 

11 53 

4 40 

27 23 

10 41 

HSS-C(20) CH31 15 62e 

HSS-G(20) CH31 9 6!je 

HSP-C(l0) CH31 11 31e 

HSS-A(15) CH31 13 62e 

HSS-C(15) CH2=CHCH2Br 13 76f 

18e llC 

27e lgc 

2ge 5c 

5e - 

7 
15 <l C 

3 

9 

HSS-C(20) CH31 7 309 gh 

HSS-C(20) CH31 6 45 4i 

HSS-C(20) 

HSS-C(20) 

HSS-C(20) 

'BK 

'sK 

CH31 

CH2=CHCH2Br 

CH2=CHCH2Brd 

CH2=CHCH2Br 

CH2=CHCH2Brd 

85 15 

95 5 

68 32 

98 2 

62 38 

HSS-C(20) 

HSS-C(20) 

'gK 
HSS-C(20) 

HSS-C(20) 

HSS-C(20) 

CH31 

CH2=CHCH2Br 

CH2=CHCH2Brd 

BrCH2C02Et 

CH2=C(C1)CH2Cl 

C6H5CH2C1 

89j 

90 

57 

87 

88 

81 

1oj 

10 

43 

13 

19 

a Equimolar amounts of metal, ketone and alkyl halide were used; most runs were on an approxi- 
mately 0.1 mol scale; the solvent was hexane except where specified as THF; yields are corrected 
for a small amount of recovered ketone usually about10*5% !? secondary alcohol corresponding to 
the ketone c pinacol-type re uction 

$ 
b THF in place of hexane !? approximately 90% 2,2- and 10% 

2,6-dimethylcyclohexanone - 2-methyl-2-allylcyclohexanone 9 c/t = 93/7 !L cis-cis-2,6-isomer 
12,2-isomer J. in all cases, the substituents are C( to the aryl ring 
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solution." For example, essentially no tri- or tetraalkylated products were formed in the 

methylation of l or 4. The selectivity for mono vis-a-vis di- or polyalkylation is favored by 

hexane over THF. The results with 1-tetralone (2) and ally1 bromide, using either HSS-C or CgK, 

are striking in this regard. One possible explanation is that the metal enolate remains adsorbed 

on the surface in hexane but is somewhat soluble in THF. (b) with hexane (and other nonpolar 

solvents) the surface may provide some selectivity regarding different enolates. For example, 

the monoalkylation product of 1 is mainly (>90%) the 2,2-isomer. In solution, the predominance 

of 2,2- over 2,6- is usually not so large. " 0 c reactions of the two ketones with an aryl ring 

(2 and Q) are especially clean and free of competing reduction. The regiospecific monoalkylation 

of ,Q, a ketone notable for facile dialkylation, with a variety of alkyl halides promises to be 

synthetically useful. (d) the main competing reaction is reduction, either to the corresponding 

alcohol or to a pinacol. This side-reaction was most serious with cyclohexanone. Reduction is 

less important with hexane than with THF (the latter solvent was used to reduce ketones with C,K*). 

For example, treatment of cyclohexanone with 20% HSS-C (1:l mol ratio) gave 67% recovered ketone, 

17% cyclohexanol and 6% pinacol in hexane; in THF, these percentages were 31, 56, and 4. Alkyla- 

tion of 2,2,6,6-tetradeuterocyclohexanone in an experiment otherwise identical to that shown in 

the first line of Table 1 gave as the reduction product 1,2,2,6,6-pentadeuterocyclohexanol, show- 

ing that the cc-protons of the ketone (not the solvent) are the proton source for the reduction. 

(e) In the alkylation of 2, the cis/trans ratio in the monoalkylation product was the equilibrium'* 

rather than the kinetic 13 ratio. 

We conclude that alkali metals adsorbed on surfaces, and also the intercalation compound 

C8K, provide a novel way to generate ketone enolates which may react differently under these con- 

ditions than they do in solution. We are continuing to explore the general synthetic utility of 

sodium, Potassium, lithium and other reagents adsorbed on surfaces. 
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