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AMINOALUMINUM HYDRIDE AS NEW REDUCING AGENTS. 1I.
SELECTIVE REDUCTION OF CARBOXYLIC ACIDS TO ALDEHYDES
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A new method for the preparation of aldehydes from carboxylic
acids by use of diaminoaluminum hydride is described. Reducing agents,
diaminoaluminum hydrides, were prepared from aluminum hydride and two
moles of various secondary amines. It was found that bis(4-methyl-
piperazinyl)aluminum hydride is the most suitable reducing agent,
which reduces carboxylic acids to the corresponding aldehydes at room

temperature or under reflux in good yields.

Many methods have been reported for the preparation of aldehydes from carboxylic
acid derivatives such as esters, amides, and halides. However, little work has been
reported on the selective reduction of free carboxylic acids to aldehydes except that

2) and thexylborane3). We now report a convenient

by use of lithium in methylamine
method for the reduction of free carboxylic acids to aldehydes by use of bis(4-
methylpiperazinyl)aluminum hydride (Ia).

Recently, it was shown in reviews by Malek and éern§4), and by Rerick5) that
lithium alkoxyaluminum hydrides prepared from lithium aluminum hydride and alcohols
were mild reducing agents which made possible the reduction of carboxylic acid deri-
Qatives to aldehydes. However, the reduction of carboxylic acids with lithium tri-
6) 7 in stoichiometric ratio gave alcohols

methoxyaluminum hydride or aluminum hydride

and no or, if any, only trace amounts of aldehydes. No reaction takes place when

6) was used in the reduction of carboxylic acid.

lithium tri-t-butoxyaluminum hydride
It was found by the present experiment that diaminoaluminum hydrides (I) or lithium
diaminoaluminum hydrides (II) especially Ia are very effective for the reduction of

carboxylic acids to the corresponding aldehydes after screening various alkoxy,
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mercapto or amino groups substituted aluminum hydrides or lithium aluminum hydrides.
Aluminum hydride in tetrahydrofuran (THF) reacts readily with two moles of
secondary amines such as N-methylpiperazine, morpholine, di-n-propylamine, N-methyl-
aniline, and forms I at room temperature with the liberation of two moles of hydrogen.
In the case of diacid bases, the reducing agents were prepared by treating equimolar

amounts of piperazine or sym-dimethylethylenediamine and aluminum hydride.
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Treatment of a mixture of one mole of carboxylic acid with two to four moles of
the reagent I in THF either stirring for 1-2 days at room temperature or refluxing
for 3-6 hours, followed by hydrolysis afforded the corresponding aldehyde.
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Among the secondary amines examined, alicyclic amines, especially N-methyl-
piperazine gave more favorable result for the preparation of aldehydes than alkyl or
aromatic amines. Further, it was shown that the yield of aldehyde by using various

secondary amines decreases in the following order.

HN' 'NMe \> BN 'O HN ) HN(] uN-EE HNC
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Table 1. Yields of Aldehydes and Alcohols in the Reduction of Carboxylic Acids by I.

Diaminoaluminum Hydride B-Phenylpropionic acid Benzoic acid
H-Al £ X )2 a) b) a) b)
aldehydes (%) | alcohols (%) aldehydes (%) | alcohols (%)
N\
X= -N NMe 70 3 86 4
—/
o\ ~
X= -N NCH, - 52 14
— 2 @
Ic, X= —Nr—\O 51 7 46 5
—
a4, X= -NC} 28 3 38 4
N\
Te, X,= -N_ N- 53 16

a) By analysis with 2,4-dinitrophenylhydrazine.

b) Calculated by the ratio of aldehyde to alcohol by means of gas chromatography.
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The results of reduction of B-phenylpropionic or benzoic acid with Ia-e are
summarized in Table 1.
Typical procedure : N-methylpiperazine (14.1 g, 141 mmol) was added to a 0.71 M

solution of aluminum hydride in anhydrous THF7)

(97 ml, 69 mmol) over a period of 15
min in an ice-bath under argon. After stirring for 2 hr at room temperature, 0.52 M
of clear solution of Ia, resulted. The concentration was estimated by analysis of
hydride (by hydrolysis). Twenty-three ml of the above reagent solution was added to
a solution of palmitic acid (785 mg, 3.1 mmol) in THF in an ice-bath over a period
of 5 min. The solution was refluxed for 6hr. Then, water (0.7 g) was added to the
solution in an ice-bath. Crystals were filtered off and extracted repeatedly with hot
THF. The filtrate and extracts were condensed in vacuo and the residue was dissolved
in ether, washed with water, are dried over Na2504. Evaporation of the ethereal phase
gave a crude oil of 1.2 g, which was purified by column chromatography of silica-gel
to afford pure palmitic aldehyde 560 mg (77 %), mp 32-34°C.

The yields of aldehydes in the reduction of various carboxylic acids with the

reducing agent Ia are summarized in Table 2. The yields appear to be equally satis-

factory both for aliphatic and aromatic derivatives and for hetero-cyclic derivatives.

Table 2. Yields of Aldehydes in the Reduction of Carboxylic Acids by Ia.

R-COOH + 2 H-AL4N. wMe), —2THE — p-cHO
(Ia)

Aldehydes (%)
Carboxylic Acids Conditions

a) b)
n-CSHllCOOH refl. 6hr 72 63
n—C7H15COOH refl. 20hr 75 69
n—C15H3lCOOH refl. 6hr 77

<:>ﬂcoon refl.  3hr 86

<;>~COOH r.t. 2day 75

©)-cu,cn,coon refl.  3hr 75 70

/[:j/kl\ refl. 10hr 68
- COOH

a) By analysis with 2,4-dinitrophenylhydrazine,

b) By isolation.
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The reduction of carboxylic acids with monoaminoaluminum hydrides was not so
satisfactory as compared with I because of an increase in yields of by-products
alcohols.

— refl. in THF
{©r-CH,CH,CO0H  + H,AL-N__NCH, Orcu,cH,cHO + (O CH,CH,CH,OH

3 mmol 4.5 mmol 3 hr 52 % 16 %

The reducing agents II, prepared from lithium aluminum hydride and two moles of
secondary amines, also reduced carboxylic acids to give corresponding aldehydes. The
reduction by lithium dimorpholinoaluminum hydride gave aldehydes in low yields with
small amounts of alcohols.

refl. in THF

> {Orcro

Orcoon + vialmytn, 0),
3 hr 35 %

The reduction of carboxylic acids with aluminum hydride in stoichiometric ratio
gave only trace amounts of aldehydes. When an excess amount of Ia was used in the
above experiment, aldehydes were produced in good yields in company with small amounts
of alcohols.

It is noted that Ia reduces carboxylic acids to aldehydes very easily, but very
small amounts of alcohols are produced even when the reduction is carried out under

refluxing. This new aldehyde synthesis should provide a convenient alternative route

for proceeding from free carboxylic acid to the corresponding aldehyde.
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