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The d10 alkalil metal iron carbonyls M2F‘e(co)4 (M = Na or X), easily obtained
by treatment of sodium or potassium hydroxide in protic solvents1 or of sodium
amalgam 1n tetrahydrofuran2 with Fe(co)s, have been shown to be inexpensive ,
versatile and selective reagents converting alkyl bromides, 1o0dides, tosylates
and acid halogenides into aldehydes, carboxylic acid deraivatives and ketones
in high y1e1d52'3'4.

A mixture of mono and polynuclear hydrido iron complexes generated in situ
from i1ron pentacarbonyl and a small amount of base in moist solvents selectively
and efficiently hydrogenate a,B carbonyl compounds to the corresponding satu-
rated derlvatlvess.

In addition 1t 1s also known that potassium tetracarbonylferrate and the
corresponding monohydride add to a,f-unsaturated esters giving, after treatment,
mainly the corresponding malonates6.

We wish now to report that treatment of an aldehyde or a ketone containing
the partial structure, CH3—CO—R or R'-CHQ—CO-R (R and R' = alkyl, aryl or part
of a cycle) with formaldehyde in the presence of KHF‘e(CO)4 in ethanol or water
results in the reductive methylation of the carbonyl compound in high yield

following the scheme :

R—CO—CHQ—R' + CH20 + KHF‘e(CO)4 —_—— R—CO—('ZH—R' + H20 + unidentifierd

CH3 1roan complexes

The reaction can be performed either by refluxing a hydro-alcoholic or aqueous
solution of KHFe(CO)4 (from one mole of F‘e(CO)5 and 3 moles of KOH) with egquimolar
amounts of the carbonyl compound and formaldehyde for 4-5 hours or merely by

warming a solution of one mole of Fe(CO) formaldehyde and carbonyl compoun-

5'
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and 3 moles of potassium hydroxide for the same time .

Some results of typical reactions are shown in Table 1 ,

Aliphatic alicyclic and aryl aliphatic ketones and aldehydes are readily
methylated under these conditions .

The methylation only occurs 1f a methylene or a methyl group 1s present in
the a position to the carbonyl group, the methine group being unreactive . Car-
bonyl compounds containing a methylene group are exclusively monomethylated ,

CH20

R—CO—CHQ—R' - R-CO-CH-R'

KHFe(co)4 H3

whilst acetophenone gives predominantly a monomethyl derivative 1f one mole of
CH20 and KHF‘e(CO)4 per mole of carbonyl compound are employed and almost exclu~

sively the dimethyl derivative with two moles of the reagents .

CH20 CH20

CH
R~CO-CH > R-CO-CH,~CH, »  R-CO-CH < 3
KHF‘e(CO)4 KHF‘e(CO)4 CH3

The regioselectivity of the reaction seems to depend on the relative enoclate
stabilaty as in the alkylation of ketones . For instance octan-2-one and benzyl-
methylketone are alkylated almost exclusively at the methylene group7.

The conversion of phenylethylketone to phenylisopropylketone i1llustrates
a typical procedure .

To a solution of 1.85 g (33 mmoles) of potassium hydroxide in 100 ml of
ethanol 1.5 ml (11 mmoles) of iron carbonyl were added under argon . After re—
fluxing for two hours 0.86 ml (11 mmoles) of a 40% aqueous solution of formal-
dehyde and 1.34 ml (11 mmoles) of phenylethylketone were added , the reaction
mixture refluxed for a Ffurther 3 hours , poured into water and extracted with
hexane . After drying over anydrous sodium sulphate the organic layer was eva=-
porated and the residue purified by conventional methods .

A possible reaction mechanism for this novel methylation reaction that

accounts for the above mentioned results 1s given in the following scheme :
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XHFe(CO)

R-CO=CH_,~R' + CH_O ==~ R=CO-C=R' + H_0 =~=——=———v R-CO-GH-R'
2 2 i 2
CH2 CH3

Base catalysed condensation of the carbonyl compound with the aldehyde to
the corresponding a,p-unsaturated derivatives 1s followed by an irreverisble
reductive attack by KHFe(CO)4.

Facile reduction of a,B-unsaturated carbonyl compounds by means of
KHF‘e(CO)4 to the corresponding saturated derivatives has already been reported
in the llteratures.

In order to enlarge the scope of this reaction and to extend i1t to other
aldehydes further work i1s being undertaken in our laboratory .

This work was supported by a grant from the C.N.R. ~ Rome .
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