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The reduction of carboxylic ¢sters to aldchydes is onc of
thc most uscful synthetic transformation in organic synthe-
sis. Therefore. many usclul reduction methods have been
reported for such comyersions.’ Howeyver. common reducing
agents such as aluminum hydride usually reduce carboxylic
esters 1o aleohols. ™ Very recently. we reported that the oxi-
dation of alkoxvaluminum intcrmediates. which are formed
by reduction of primary alcohols® or carboxylic csters™ with
aluminum hyvdride. by pyridinium chlorochromate (PCC) or
pyridinium dichromate (PDC) gives almost quantitative viclds
of the corresponding aldchydes (Eq. 1). These results indi-
calc that beth alkoxvalummum intermediates (1 and 2) arc
structurally same : (he mtermediates are composed of primary
alkoxy group bonded 1o aluminum atom. Therelore. we can
assumc thal anv primary alkoxy moicty attached (o alumi-
num alom may underge the oxidation to alTord

3RCH-OH—2LLE, (RCH-0);Al + Ha 1
1
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the corresponding aldehyde function. From this structural point
of view. we decided (o utilize lithium aluminum hyvdride
(LAH) nsicad of aluminum hydride in such proccdurc for
the conversion of carboxylic esters o aldchydes. Hercin, we
introduce a new method. which ¢liects the transformation of
carboxylic esters 1o aldchydes in high viclds at room cmper-
aturc.

Result and Discussion

First of all. we examined the possibility of the alkoxyalu-
minat¢ intermediate (3). which is formed by the rcaction of
primary alcohols with LAH. being oxidized by PCC or PDC
1o the corresponding aldchydes (Eq. 2). Benzyl alcohol and
1-hexanol were examined as representative of primary alco-
hol.

. TAAIH, PCC

Tetraalkoxyvaluminates are rcadily prepared from the reac-
tion of alcohols with LAH at 0 °C. Both aromatic and ali-
phatic alkoxvaluminates examined were readily oxidized with

PCC or PDC in a mixed solvent of THF and methylene chlo-
ride at room tcmperature. providing ¢ssentially quantitative
viclds ol aldchydes determined by GC analvsis.

Such results aceclerated us 1o examine the conversion of
carboxylic cster to aldchyde by this procedure. If carboxylic
cster is reduced 1o the alcohol stage bv LAH under these
rcaction conditions.® the resulting intermediate in the reac-
tion mixture would contain alkoxy moicty as in 3. Actually.
carboxylic csters were readily reduced to the corresponding
alcohol stage by LAH (0.5 cquiv) at room temperature (Eq.
3).% Even though the final reduction intermediate has not
been identified. it is belicved that 4 could be the possible
structure,

RCOOR™ W3LAH, o pen,0-AK Y, RCH-OH (3)
4

The method involses the rapid reduction of carboxylic
cster with LAH. followed by oxidation of the resultant
alkoxyaluminate intermediate () (without isolation) with
PCC or PDC at room tcmperature (Eq. ).

PCC or PDC
4 —1%h— RCHO )

As listed in Table 1. the procedure converts aliphatic esters
to aldchydes in 6 h at room temperature in yiclds of 92-97%,
Actually. there is no difference in the viclds of aldchydes
with PCC or PDC. Similarly. o f-unsaturated carboxylic csters.
such as cthyl crotonatc and cthyl cinnamate. afford the ole-
finic aldchvdes in 94-96% wiclds. The conversion of aro-
matic csters by this procedure provides the corresponding
aldchydes in 92-99% viclds. The unsubstituted benzoates
with a varicty of alcohol portions arc converied to benzalde-
hvde in viclds of 96-9%9%. showing no bias in the viclds.
Alkyl- substituted benzoate. such as 3- and 4-methylbenzoates.
aftord the corresponding aldchydes in 94-96% yiclds. Finally.
chloro and nitro groups on the benzene ring are readily
accommodated and gave aldchydes in better than 92% vicld,

This rcaction is broadly applicable tolcrating many sub-
stituents. such as chloro. nitro. and alkene groups. The reac-
tivitics of LAH toward a carboxylic ¢ster function and of
PCC and PDC toward alkoxyaluminate intcrmediate (4) are
quite similar to the case of aluminum hydride. However. the
general reduction paticrns of these two reducing agents are
quite different.™>" The difference is basically derived from
the fact that lithium aluminum hydndc is basic and alumi-
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Table 1. Conversion of Carboxy lic Listers to Aldehydes by Oxadation
of Alkoxyvaluminate Intermediate (4) with Py ridinumn Chlorochromate
(PCC) or Pyridinium Dichromate (PDC) at Room Temperature®®

Reae- PCC  PDC

Lister Product tiontime yield Yield
M oy (%)
L] butvrate Butyvraldehy de ¢ 92 93
Lithv] caproate Hexanal 6 9380) 95
Lithv] capn late Ovtanal ¢ 96 o7
Lithy 1 isebutyrate Isobutyraldehyde 6 93 94
Lithy] 1sovalerate Isovaleraldehyvde 6 94 96
Lithy1 crotonate Crotonaldehyde 6 9 9
Lithy] cinnennate Cimamaldehy de 6 93 93
Methy1 benzoate Benzaldehyvde 3 97 99
Lithv] benzoale Benzaldehvde 3 9R(B2)YT(TY)
Phenyl benzoate Benzaldehyvde 3 96 98
Methyl 3anethvlbazoate 3-Melvibarzaldehyde 3 96 94
Lithyl danethylbenzoate  4-Methylbanzaldelnvde 3 93 93
Methvl 4-chlorobenzoate 4-Chlerobenzaldelyde 3 97 93
Lithv] 4-nitrobenzoate  $-Nirobenzaldehvde 3 94 92

“Ester: oxidant — 1 : 2.2, "In a THF-methylene chloride mixture solvent.
‘GC vields. The numerals in parentheses are isolated vields.

num hydride is acidic.® For example. the reduction of caproni-
trile with AlH; results in the ¢lean conversion 1o hexylamine
without any hvdregen cvolution. whereas the reduction with
LAH c¢velves ca. 0.2 equiv of hydrogen and undcsirable side
rcaction occurs. Therefore. when a carboxylic ester lunction
in a complex molecule is applicd Lo this reductive oxidation
procedure. onc must consider which reducing agent is ame-
nable. However. in the case where the difference in the reduc-
tion patiern between lithium aluminum hydride and aluminum
hvdride 1s not a problem. the usc of lithium aluminum hydride
must bc more convenient and cconomical than the usc ol
aluminum hydride : all four cquivalents of hydride in lithium
aluminum hydnde arc utilized for the reduction.

1tis worthwhile to comparc this reductive oxidation proce-
durc with the reduction procedure using diisobuty laluminum
hydride (DIBAH).'* the most widcly used mcthod in organic
svnthesis: the present procedure 1s performed at ambient cm-
perature. but the DIBAH reduction runs at -70°, Furthermore.
the aldehyde viclds obtaincd by DIBAH arc not gencral (50-
90%). whereas the viclds achicved by the present procedure
arc higher than 93%. Conscquently. this reductive oxidation
procedure must be far superior (o the DIBAH reduction. '

Experimental Section

All reactions were performed under a dry N- atmosphere.
All chemicals used were commercial products of the highest
purity available: THF was dricd over 4 A molccular sicve
and distilled from sodium-benzophenone kety] prior to usc.
Mcthyvlenc chlonde was also dricd over P~O: and distilled.
"H NMR spectra were recorded on a Bruker AMX 300 spec-
tromeler. Gas chromatographic analvses were carried out
with a Varian 3300 Chromatograph.

Notes

Reduction of Esters with Lithium Aluminum Hydride.
The following procedure for the rcaction of cthyl benzoate
with PCC is representative. An oven-dried. 230 mL flask.
fitted with a side arm and a reflux condenscr conneeted to a
mercury bubbler. was flushed with dry nitrogen and then
maintaincd under a static pressurc of nitrogen. The [lask was
charged with a 1.0 M solution of lithium aluminum hydride
(31 mL. 31 mmol) in THF. To the stirred solution at 0 °C.
cthyl benzoate (9.61 g. 61 mmol) was added dropwise and
the reaction mixture was stirred further for 3 h at room tem-
perature. To a well-stirred suspension of PCC (29 g, 134
mmol) in methylene chloride (200 mL) taken in a 300 mL
flask cquipped as described above. is added dropwise the
above solution ol alkoxyaluminate mtermediate (4) in THF
using a cannula. The mixturc was stirred for 3 h at room
temperature, The small portion of this mixture was trans-
ferred 1o a vial and dodecane was added as an internal stan-
dard. GC analysis using a capillarv column of Carbowax 20
M indicated the presence of benzaldehyde in a yicld of 98%.

Isolation of Aldehyde Products.  The rest of the reac-
tion mixture (60 mmol) was diluted with cthyl cther (120
mL). The supernatant liquid is filicred through Florisil® (120
g) contained in a 300 mL sintered glass funncl: the solid res-
iduc is triturated with cthyl cther (3 X 30 mL) and passed
through the same Florisil column. The filtrate is concentrated
and distilled under reduced pressure 1o give pure benzalde-
hyde (5.22 8. 82%): bp 62-63 °C (15 mm). The 'H NMR spec-
trum agreed with that of an authentic sample.

Analogous procedurcs arc used for the synthesis of the
other aldchydes listed in Table L. In the case of PDC as an
oxidant uscd. actually the same procedure was adopted.
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