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Reductions of carboxvlic esters to aldehydes are fund-
amental transformation in synthetic organic chemistry.
Therefore. a number of useful reducing agents for such
transformation have heen reported. e.g.. lithium tri-fesf-
butoxvaluminum hydride.! diisobutylaluminum hydride -
sodium diisobuty laluminum hydride.’ tris(4-methyI-1-pipera-
zinyDaluminum  hydride.* sodium  diethylpiperidinyl-
aluminum hydride.” and sodium and lithium tris(diethyl-
amino)aluminum hydrides.*’ In addition to those. the reduc-
tion-oxidation procedure appeared promising for trans-
formation of carboxylic esters to aldehydes **

Very recently, we have synthesized a new class of reducing
agents. cyelic diamino-derivatives of lithium aluminum
hydride. and applied them for selective reduction of organic
functionalities. In the course of this study. we found that
lithinm N N"-dimethylethylenediaminoaluminum  hydride
(LDMEDAH).'" one of these diamino-derivatives. effects the
transformation of esters to aldehydes in good yields at 0 °C.
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We first examined the reactions of ethyl caproate and ethyl
benzoate as representatives of aliphatic and aromatic esters
under the various reaction conditions: /.¢.. change in the ratio
of reagent to compoumd and the reaction temperature. The
reactions of ethyl caproate and ethyl benzoate with a half
equivalent of the reagent (/.e.. one equivalent of hydride)

generated only about 30% yield of the corresponding
aldehydes along with the comesponding alcohols and the
unreacted starting esters. The reaction temperature at 0 or
-20 °C did not show any difference in the vield. However.
when we examined the reaction with one equivalent of the
reagent (i.e.. two equivalents of hydride) and found that the
vields of aldehvdes increased up to 77-92% along with the
corresponcling alcohols. These reaction also showed no
reaction temperature dependence. Accordingly. we performed
all the following reactions of representative esters with one
equivalent of the reagent at 0 °C."

As shown in Table 1. the reagent. LDMEDAH. reduces
aliphatic carboxylic esters to aldehydes in yields of 75-82%.
There does not seem to exist any significant steric factor in
influencing the vields: regardless of the structure of alkyl
and alkoxy portion of aliphatic esters. the yields appeared
rather constant. The reduction of aromatic esters by this
reagent provides the corresponding aldehydes in 80-95%
viekls. The vields of aromatic aldehydes are somewhat higher
than those obtained from the reaction of aliphatic esters. The
unsubstituted benzoate with a variety of alkoxy portions are
reduced to benzaldehvde in vields of 80-90%. showing no
significant difference in the vields. Methyl-substituted ben-
zoates such as 3- and 4-methyl benzoates afford the corre-
sponding aldehyvdes in 91-92% vields. Finally. chloro. nitro
and methoxy groups on the benzene ring are readily accom-
modated and gave aldehydes in better than 90% vield: how-
ever the vield in the reduction of amino-substituted benzoate
such as ethy] 4-aminobenzoate is somewhat low to give 68%.

In summary. we have developed a newly-devised cyclic
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Table 1. Yields of Aldehydes in the Reduction of Representative
Carboxylic Esters with Lithium N A -Dmethvlethylenediamino-
aluminum Hydride(LDMEDAH) in Tetrahydrofuran

Ratio of Temnn Reaction Yield (%)"
Ester LDMED —iP time

A/Ester () (hy Aldehyde Alcohol Ester®
Ehv1 caproate 03 0 0.5 48 28 23

1.0 49 26 24
20 05 49 24 26

1.0 48 26 26
l 0 0.5 78 21 0
1.0 78 21 0
20 05 77 21 2
1.0 77 21 2
Isopropenyl | 0 0.5 77 22 0
acetate 1.0 74 24 0
Phenvl] acetate | 0 0.5 81 19 0
1.0 82 18 0
Ethv] butyrate | 0 0.5 75 24 0
1.0 73 27 0
Ethv] isobutvrate | 0 0.5 73 25 0
1.0 74 23 0
Ethv] isovalerate | 0 0.5 74 26 0
1.0 74 23 0
Ethv] caprvlate | 0 0.5 72 26 2
1.0 75 24 1
Ethv] benzoate 03 0 0.5 43 20 37
1.0 48 24 26
30 47 23 28
20 05 35 19 26
1.0 37 19 24
1 0 0.5 92 6 0
1.0 92 6 0
20 05 20 3 0
1.0 92 4 0
1.5 0 0.5 88 11 0
1.0 87 11 0
Methv] benzoate l 0 0.5 85 14 0
1.0 84 14 0
Butv] benzoate l 0 0.5 80 19 0
1.0 80 19 0
Phenv] benzoate l 0 0.5 89 10 0
1.0 20 10 0
Ethvl 3- l 0 1.0 91 7 0
methvIbenzoate
Ethv] 4- l 0 1.0 92 7 0
methylbenzoate
Methyl 3- 1 0 1.0 94 4 (
chlorobenzoate
Methyl 4- 1 0 1.0 93 4 (
chlorobenzoate
Ethv] 4- 1 0 1.0 92 7 0
chlorobenzoate
Ethv] 4- 1 0 1.0 68 30 0
aminobenzoate
Ethyl 4- 1 0 1.0 9N 6 (
methoxvbenzoate

“Analvzed bv GC with an internal standard. ®The unreacted starting ester,
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diamino-denvative of lithium aluminum hydnde and found
that the reagent reduces both aliphatic and aromatic
carboxylic esters to the corresponding aldehydes in good
vields. A further study i development of alkoxy-derivatives
of LDMEDAH is currently underway.
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10. The procedure for the preparation of lithium N_V-dimethylethyl-
enediaminoaluminum hydnde (LDMEDAH) in THF is following.
To an oven-dried. 200-mL flask fitted with a side-arm and a
stopcock leading to a mercury bubbler was added 50 mL of 2 M
solution of LAH in THF and the solution was cocled to -78 °C
using drv ice-acetone bath. To this solution was added 101 mL of
a precooled 1 M solution of ¥ V-dimethvlethvlenediamine in
THE dropwise. After the hvdrogen evolution, the resulting
LDMEDAH solution was diluted with THF to be 0.5 M. and the
Al NMR spectrum of the solution showed a triplet (Ja.x = 170
Hz) centered at 8 78 ppm relative to [Al(H:0)s]*".
11. The following procedure for the reduction of ethyl benzoate with
1 equiv of LDMEDAH at (0 °C is representative. An over-dried 30-
mL flask, fitted with a side-arm and a bent adapter connected to a
mercury bubbler. was flushed with dryv nitrogen and charged with
8.0 mL of the reagent solution (4.0 mmol) and »-dodecane as an
internal standard. The solution was cooled to 0 °C in an ice-water
bath and 4.0 mL of a precooled 1 M solution of ethyl benzoate
(4.0 mmol) in THE was added with stirring. At the appropriate
thme interval of 0.5 and 1.0 h. an aliquot was withdrawn and
quenched with 3 N HCl. The organic layer was dried over
anhvdrous MgSQO, and subjected to GC analysis to indicate the
presence of benzaldehyde in vields of 92%. respectively (Table 1).
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