338 Bull Korean Chem. Soc. Vol 13, No. 3 1992

genase. It is strongly beliveved that the mechanism of alcohol
dehydrogenase reaction is hydride-like rather than radical
mechanism.

Since cyclopropylmethano! derivatives such as (1) were
known as latent inhibitors of horse liver alcohol dehydro-
genase,” it seemed to be interesting to know whether or
not such highly strained compounds as (2) and (3) inhibited
the enzyme. Compound (2) or (3) was incubated with horse
liver alcohol dehydrogenase and the activity was checked
following the exactly same procedure as reported previously,
1 Surprisingly, the enzyme was not inhibited by (2) or (3)
at all although their K, and &, values determined by Line-
weaver-Burk plot were similar to (1)."! Therefore, the steric
hindrance exerted by methyl substitutions on the cyclopro-
poane ring effectively prevents the enzymic residue from
attacking the ring in Sy2 fashion, Compound (2) and (3) are
expected to be useful as the mechanistic probe avoiding co-
mplications resulting from the nucleophilic ring-opening in
alcohol dehydrogenase reactions as well as other enzymatic
reactions.
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In the previous communications?, we reported a new me-
thodology for direct transformation of both aliphatic and aro-
matic primary carboxamides to the corresponding aldehydes
by utilizing lithium tris(diethylamino)aluminum hydride
(LTDEA) and lithium tripiperidinoaluminum hydride (LT-
PDA). These results led us to think over the reaction path-
way. Consequently, we found an alternative simple method
for such transformation. Herein, we now report this reduc-
tion of primary carboxamides to the corresponding aldehydes
by using diisobutylaluminum hydride (DIBAH) and LTDEA.

One of the most important features to be considered in
this reaction seems to be the reaction intermediates which
are formed after the hydrogen evolution from the reaction
of primary amide and reagent (Scheme 1), In cases where
LTDEA is utilized, the intermediate would be 1 or 2 and
where DIBAH is used, the intermediate would be 3 or 4.

When compared 1 with 3 (or, 2 with 4), we could expect
that the intermediate without negative charge on aluminum
would be more favorable to reduction through the more effi-
cient electron-withdrawing effect.

Therfore, we added 1 equiv of DIBAH to the solution of
carboxamides to form the intermediate 3 (or 4) at 0C3, and
treated it with excess LTDEA at room temperature consecu-
tively in the hope of resulting in the rate and yield enhance-
ment (Eq 1).

)
R-C-NH;+ HAIG-Bu), % 3 (or 4)

excess LTDEA H,0*

——— > ——RCHO
it

The system reduces aliphatic primary carboxamides rea-
dily at room temperature to provide the corresponding alde-
hydes in yields of 50-70%, as shown in Table 1. The yields
of aldehydes appear to be varying with the structure of

0-AlIZ 0 A?{- 0-A17 A
R-C=NH RC-N_
H H
1 2 3 4

Scheme 1
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Table 1. Yields of Aldehydes in the Reduction of Primary Car-
boxamides Through Treatment of N-Diisobutylaluminocarboxa-
mides with Lithium Tris(diethylamino)aluminum Hydride in
Tetrahydrofuran at Room Temperature®

. Reaction Yield of

s fitiide time (h) aldehyde (%)

Aliphatic acetamide 3.0 52
2-chloroacetamide 3.0 56
trimethylacetamide 6.0 71
n-butyramide 3.0 60
isobutyramide 3.0 64
methacrylamide 30 50
caproamide 3.0 62 (68)
octadecaneamide 6.0 70 (72¥
cyclohexane- 3.0 63

carboxamide

Aromatic  benzamide 30 82 (63r (76Y
o-toluamide 1.0 77
4-methoxybenzamide 10 74
2-ethoxybenzamide 10 70
2-chlorobenzamide 3.0 71
2-nitrobenzamide 10 36
nicotinamide 10 62

93 Equiv of LTDEA used. *Analyzed with (2.4-dinitrophenylthy-
drazine, ‘2 Equiv of LTDEA utilized. “at 0C.

amides examined. Aromatic carboxamides ae also reaaily con-
verted into the corresponding aldehydes in yields more than
70%, except for nitrobenzamides. The nitro group itself ap-
pears to be reduced readily. Derivatives containing aikyl, al-
koxy or halogeno group are readily accommodated. Nicotin-
amide is also converted into the corresponding aldehyde in
a yield of 62%.

In general, the yields of aldehydes obtained from this sys-
tem appear to be similar to those obtained from LTDEA
itself®?, however the rate of reduction in this procedue is
much faster. Thus, this system requires the reaction time
of 1-3 h, but LTDEA itself requires 6-12 h both at room
temperature.

The following procedue for the reduction of e-toluamide
is illustrative. An oven-dried, 50-mJ flask, fitted with a side
arm and a bent adaptor connected to a mercury bubbler,
was charged with 3.3 m/ of 15 M solution of ¢-toluamide
(0.677 g, 50 mmol) in THF. The solution was cooled to 0T
and 2,0 m/ of DIBAH-THF solution (25 M, 50 mmol) was
injected dropwise, After the hydrogen evolution was ceased,
the reaction mixture was warmed to room temperature and
11 md of LTDEA-THF solution (1.4 M, 1.5 mmol) was added.
The mixture was stirred for 1 h at room temperature. Analy-
sis of the reaction mixture with (2,4-dinitrophenyhydrazine
showed a yield of 77%.
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Among several metal hydrides, which are reported to be
useful for aldehyde synthesis from carboxylic acid esters'™,
diisobutylaluminum hydride (DIBAH) has been most general-
ly utitized for the aldehyde synthesis from esters. However
the very low temperature (—70TC) required for the DIBAH
reduction is still a considerable handicap, especially for lar-
ger samples. Recently we have reported that sodium diethyl-
piperidinohydroaluminate (SDPA) prepared from equimolar
sodium diethyldihydroaluminate (SDDA) and piperidine in
THF-toluene, is an excellent reagent for the aldehyde syn-
thesis®. Thus we could obtain aromatic aldehydes quantitati-
vely even though the yields of aliphatic aldehydes varied
depending on the structure (60-90%). In the hope of clarify-
ing the mechanism of the reaction, we studied the reaction
of ethyl benzoate with 5 different sec-amine derivatives of
SDDA (Table 1). As shown in Table 1, the yield of benzalde-
hyde are heavily dependent on the nature of secondary
amino group in these derivatives. Thus replacement of pipe-
ridyl group by bulky dibenzylamino or less nucieophilic di-
phenylamino group resulted in a drastic decrease in yield
of benzaldehyde (entry 4 and 6}

This suggests that reaction of equimolar ethyl benzoate
and SDPA rapidly forms two unstable intermediates [1] and
[2] by the attack of hydride or piperidyl group on sp® carbon
of ester, and these are quickly transformed into a more stable
intermediate, o-piperidyl alkoxocaluminate [3], by the rear-
rangement involving migration of piperidyl group or hydride
as shown in Scheme 1.

The mechanism is supported by the following facts. (1)
Under the same experimental conditions, benzaldehyde was
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