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Abstract. Aluminum amalgam in aqueous tetrahydrofuran reduces cycloalka- 
nones to their respective alcohols. The reaction exhibits sensitivity 
to the ring size and steric environment of the ketone. 

Aluminum amalgam (Al/Hg) is a convenient, neutral reducing reagent that has found 

wide use in organic synthesis: it reduces various nitrogen-containing functional groups,' 

causes organosulfur moieties to undergo reductive cleavage2 and is employed in other 

reductive transformations. 3 Although a dissolving metal Bouveault-Blanc type4 reduction 

of ketones using an excess of Al/Hg in a protic solvent could result in the formation 

alcohols, such a reaction result rarely is observed;5 pinacolic dimerization of the ketyl 

species formed typically produces 1,2-diols as the sole products. 6 

We have found that in aqueous tetrahydrofuran (THF) at low (-12 to 25°C) tempera- 

tures, Al/Hg does indeed reduce ketones to their respective alcohols (Eq. 1 and TABLE). 

Moreover, this alcohol synthesis has proven to be surprisingly chemoselective: while 

nearly inert to aliphatic ketones, the reaction conditions reduce four, five and six-mem- 

bered ring ketones in moderate to excellent yields. This observation prompted investiga- 

tion of the various factors influencing the tendency of the substrate ketone to be 

reduced, leading to the following observations: First, within a homologous series of 

cycloalkanones, clear ring-size bias is demonstrated. Cyclohexanone is reduced in 

excellent yield, whereas both smaller and larger cycloalkanones are reduced in far more 

modest yields, if at all. Even a one-carbon change in ring size from the optimum cyclo- 

hexane structure causes the production of alcohol to fall by some 80%. The only anomaly 

in this trend is with cyclobutanone, which appears to be somewhat easier to reduce than 

cyclopentanone. Secondly, steric hindrance of the carbonyl moiety in the cycloalkanone 

severely inhibits reduction. While 3- or 4-methylcyclohexanone are reduced nearly 

effectively as cyclohexanone itself, 2-methylcyclohexanone is less prone to reduction; 

carbonyl groups with greater steric congestion such as norcamphor, camphor and menthone 

are reduced in trace amounts or not at all. Last, in a series of aliphatic carbonyl-con- 
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a. Yields based on GC by internal standardization. Not optimized. b. GC 
performed on 6' x l/8" 10% SE-30 or 5% FFAP columns. c. Isolated yield. 
d. Reductive dimerization of allylic ketyl produced various diols. 

taining heptanes, the reaction conditions are equally inert to the various positional ieo- 

mers. Only heptanal is reduced to an appreciable extent; even so, this aldehyde is 

reduced in yields inferior to those of cyclohexanones. 

In a separate series of experiments, when more easily reduced cyclohexenone or 

aromatic aldehydes and ketones are submitted to Al/Hg reduction in aqueous THF, the 
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anticipated pinacolic dimerixation results and only traces of alcohols are observed in 

the crude products. In the cases of benzaldehyde and acetophenone where diastereomeric 

pinacol products can be produced, stereochemical results similar to those reported6b for 

the reduction of acetophenone are observed; the &**,g*-isomers are formed718 with little 

or none of the u diastereomeres being produced. The reaction, therefore, appears to 

produce results that overall are intermediate to those observed when a more activated 

Al(O) species such as Rieke aluminum is used9 to generate pinacols, and milder reductants 

such as Ti(I1) complexeslo and Zn(0)/ICOH1l are employed, which can generate pinacols or 

alcohols and alcohols, respectively. 

Inasmuch as the reduction potentials of the cycloalkanones and aliphatic ketones 

studied are very similarl* and given that the reduction proceeds via electron transfer,4 

we rationalize our observations of chemoselectivity in terms of steric inhibition, 

torsional strain and angle strain: the reduction, occurring at the Al/Hg surface, 

displays a normal sensitivity to steric congestion that is common for heterogeneous 

reactions.13 Conformationally labile aliphatic ketones and the largely conformationally 

unrestricted cyclodocecanone, possessing effectively greater steric congestion about their 

carbonyl moieties than relatively conformationally restricted small and medium ring 

cycloalkanones, therefore are poorer substrates. The reaction, involving a formal 

hybridization change from sp* to sp3 at the carbonyl carbon14 during electron transfer to 

the carbonyl to form a ketyl, therefore is highly subject to any torsional effects which 

may come into play during reduction. Such a change generates less torsional strain 

in cyclohexane than cyclopentane systems;15 larger ring sizes, experiencing transannular 

strain16 during rehybridization, consequently also would be less prone to reduction. 

Finally, in the small ring substrate cyclobutanone, rehybridization from sp* to sp3 of 

the ring carbonyl carbon during the reduction relieves some angle strain l7 in the mole- 

cule, lowering the overall energy barrier for electron transfer compared to its homolog 

cyclopentanone and making it a slightly superior substrate. 

We are actively investigating the intermolecular and intramolecular chemoselectivity 

of the reagent,18 stereochemistry of the reduction and are optimizing the conditions of 

the reaction, all of which will be reported in due course. 
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