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Recently. we reported that the oxidation of alkoxyalumi-
num intermediates. which are formed by reduction of pri-
mary alcohols’ or carboxylic acids™ with aluminum hydride.
by pyridinium chlorochromate (PCC) or pyridinium dichro-
mate (PDC) gives almost quantitative vields of the corre-
sponding aldehvdes (Eq. 1). These results indicate that both
alkoxyaluminum mntermediates (1 and 2) are structurally
same: the intermediates are composed of primary alkoxy
group bonded to aluminum atom. Therefore. we can assume

3 RCH:OH — 5 (RCH-O);A1 +3 H- T

1
RCOOH &, [RCH-0-AK] + H: T
2
lor2 —TCCorPC , RCHO
~100% ()

that any primary alkoxy moiety attached to aluminum atom
mav undergo the oxidation to afford the corresponding alde-
hyde function. From this structural point of view. we decided
to utilize lithium aluminum hydride (LAH) instead of alumi-
num hydride in such procedure for the conversion of carbox-
vlic acids to aldehydes. Herein. we intreduce a new method,
which effects the transformation of carboxylic acids to alde-
hydes in high vields at room temperature.

First of all. we examined the possibility of the alkoxyalu-
minate intermediate (3). which is formed by the reaction of
primary alcohols with LAH. being oxidized by PCC or PDC
to the corresponding aldehydes (Eq. 2). Benzyl alcohel and
1-hexanol were examined as representative of primary alco-
hol.

4 RCH:OH 224 [(RCH:0):Al Hooe > RCHO (2)
— 3 or

Tetraalkoxvaluminates are readily prepared from the reac-
tion of alcohels with LAH at 0 “C. As sumumarized in Table
1. both aromatic and aliphatic alkoxyaluminates examined
were readily oxidized with PCC or PDC in a mixed solvent
of THF and methylene chloride at room temperature. pro-
viding essentially quantitative vields of aldehvdes deter-
mined by GC analyvsis.

Such results accelerated us to examine the conversion of
carboxylic acid itself to aldehvde by this procedure. If car-
boxylic acid is reduced to the alcohol stage by LAH under
these reaction conditions.” the resulting intermediate in the

Table 1. Oxidation of Tetraalkoxyuluminate (3) with PCC and PDC
in ‘letrahy drofuran and Methylene Chloride at Room “Temperature

Alkyl groupot Reaction ) Yield off
ROWAL  ONMU ey FIOdUCl ehvde( %y
PNy PCC 3 <f;\>_m 94", 9

= pDC 1 = 97", 9y
n-CoH. PCC 6 n-CH,,-CHO 890 93¢
PDC 3 98" Y7

¢GC vields. " 3 oxidant = 1 dd. < 3 oxidant — 1 : 8.

reaction mixture would contain alkoxy moiety as in 3. Actu-
ally. carboxylic acids were readily reduced to the corre-
sponding alcohol stage with immediate evolution of | equiv
hvdrogen by LAH (0.75 equiv) at 0 °C (Egs. 3-4).* Even
though the final reduction intermediate has not been identi-
fied. it is believed that 4 could be the possible structure.

(.73 Li.
RCOOH ) ":I_(,Jl“\llh

RCOO-AI-+12HT 3)
RCOO-Al{ r— > [RCH:0-AK-] 1", RCH.OH (4)
4

The method involves the rapid reduction of carboxylic
acid with LAH. followed by oxidation of the resultant
alkoxvaluminate intermediate (4) (without isolation) with
PCC or PDC at room temperature (Eq. 3).

4 FeCorPDC

RT612n ° RCHO

~100% &)
As listed in Table 2. this procedure provides clean, conve-
nient conversion. There were actually no significant differ-
ence in vields of aldehydes between oxidants applied. PCC
and PDC. Both oxidants convert aliphatic carboxylic acids
to aldehvdes in vields of 92-98%. Alicvclic derivative, such
as cvelohexanecarboxylic acid. works equally well. Deriva-
tives are readily accommodated. Thus, diphenylacetic acid
was converted to the corresponding aldehvde in vields of 92-
93%. Cinnamic acid was also readily converted to the corre-
sponding . B-unsaturated aldehyde in vields of 93-96%.
The transformations of aromatic acids into the correspond-
ing aldehvdes with this procedure were also essentially
quantitative. The oxidation of aromatic intermmediates was
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Table 2. Conversion of Carboxyvlic Acids to Aldehvdes by
Oxidation of Alkoxvaluminate (4) with PCC and PDC at Room
‘lemperature”

Reaction  PCC? PDC?

Acid Product time(l
Me(h) vielgoey Yield(%y
Hexanoic Hexanal 12 9779y 94
Decanoic Decv] aldehvde 12 96 98
Isobutyric Isobutvraldehvde 12 92 94
Trimethylacetic  Trimethylacet- 12 93 96
aldehvde
Cvclohexane- Cyclohexane- 12 96 935
carboxvlic carboxaldehvde
Diphenvlacetic  Diphenylacet- 12 93 92
aldehvde
Cnmamic Cinnamaldehyde 12 93 96
Benzoic Benzaldehvde 6 Q9(RI1Y  98(8OY
1-Naphthoic I-Naphthaldehyde 12 98 98
o-Toluc o-Tolualdehvde 6 96 97
p-Tohue p-Tolualdehvde 6 96 96
p-Anisic p-Anizaldehyde 6 98 97
4-Chlorobenzoic  4-Chlorobenz- 6 96 95
aldehvde

“In o THF-methylene chlorde mixture (1: 1), " Acid : oxidant - 1: 1.1,
“GC vields. “The vield reacted with BMS and PCC procedure was
97(77) see ret. 7.7 Tsolated vields.

much faster than that of aliphatic oncs: the rcaction was
completed within 6 h at room temperature. Although PDC is
more reactive than PCC. there is no bias toward oxidizing
agents examined in giving quantitative viclds ol aldchydcs.
This rcaction is broadly applicable lolcraling many sub-
stituents. such as halogeno. methoxy. and alkene groups.
The reactivitics of LAH toward a carboxylic acid function
and of PCC and PDC toward alkoxyaluminatc intcrmedialc
(4) arc quilc similar to the casc of aluminum hydride. How-
ever. the general reduction patterns of these two reducing
agenis arc quile dilferent ™ The diflference is basically
derived from the fact that lithium aluminum hydride is basic
and aluminum hydridc is acidic.” For ¢cxample. the reduction
of capronitrilc with AlH; results in the clean conversion 1o
hexyvlamie without any hvdrogen cvolution. whercas the
reduction with LAH cvolves cee 0.2 cquiv of hydrogen and
undesirable side reaction occurs. Therefore. when a carbox-
vlic function in a complex molccule 1s applicd (o this reduc-
tive oxidation procedure. one must consider which reducing
agent is amenable. However. in the case where the difter-
ence in the reduction pattern between lithium aluminum
hydride and alummum hydride is not a problem. the usc of
lithium aluminum hvdride must be more convenient and
cconomical than (he usc of aluninum hydnde: all four
cquivalents of hydride i lithium aluminum hydride arc uti-
lized lor the reduction. In addition. 11 1s noteworthy that there
appcars onc cxample in which a modificd aluminum
rcagent. bis(dialkvlamino)alumimmum hvdride. was utibized
for the direct conversion of carboxvlic acids to aldchvdcs.
However. this method afforded relatively lower viclds of
aldchvdes.® Conscquently. this method provides another usc-
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ful procedure for the direct consersion of carboxylic acids to
the corresponding aldehvdes.”*

The following procedure for the reaction of hexanoic acid
is representative. An oven-dricd. 250-mL. round-bottom
flask with sidearm. equipped with a magnctic stirring bar
and a reflux condenser. was attached to a mercury bubbler.
The flask was flushed with dry nitrogen and then maintained
under a static pressurc of nitrogen. The flask was charged
with hexanoic acid (6.97 g. 60 mmol) and 153 mL of THF.
The flask was immersed in an ice-water bath and a pre-
cooled 1.0 M solution of LiAlH4 (43 mL. 43 mmol) in THF
was added dropwise with vigorous stirring. Alter the com-
pletc evolution of the hydrogen. the icc-water bath was
removed and the reaction mixture was stirred for 30 min at
room tcmpceraturc.

To a well-stirred suspension of pyvridinium chlorochro-
matc (PCC) (14.3 g. 66 mmol) in methylene chloride (100
mL) taken in a 300-mL flask cquipped as described abosve.
was added dropwisc the above solution of alkoxyaluminum
intermediate in THF using a cannula. The mixture was
stirred for 12 h at room temperature. The small portion of
this mixturc was transferred to a vial and dodecanc was
added as an intcrnal standard. GC analvsis using a Carbowax
20 M capillary column (20 m) showed the presence of hexa-
nal in a yicld of 97%. The rcaction mixture was diluted with
100 mL of dicthyl cther and the supernatant liquid was fil-
tered through Florisi® (100 g) contained in a 300-mL sin-
tcred glass lunncl. The solid residuc was washed with
dicthy] cther (3x30 mL) and passcd through the same Flori-
sil column. The filtrate was concentrated and distilled to
aflord purc hexanal (4.75 g. 79% vicld): b.p. 129-130 °C
(734 mmHp).

Analogous procedurcs were used for the synthesis of the
other aldchydes listed in Table 2. In the case of PDC as an
oxidant used. actually the samc proccdure was adopted
cxcept the oxidation time.
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