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The reaction of olefin with carbon monoxide
and hydrogen to form aldehyde is well known
as the oxo reaction or hydroformylation.® In
this reaction, it is not only desirable but also
interesting to study whether it is possible to
prepare dialdehyde from diolefin.

It has, however, been reported that a con-
jugated diolefin, such as butadiene and 1, 3-
pentadiene, yields not dialdehyde, but saturated
monoaldehyde under oxo conditions.?>  Also,
it has been reported that an unconjugated
cyclic diolefin, such as 4-vinylcyclohexene and
dicyclopentadiene, gives a mixture of mono-
and dialdehydes in a low selectivity.®> On the
other hand, the reaction of an unconjugated
a, w-diolefin has not been thoroughly studied.
From this standpoint, we have been interested
in the reaction with 1,4-pentadiene and 1, 5-
hexadiene in order to synthesize dialdehydes
and have found that the dialdehydes can be ob-
tained as a main product from the unconjugated
a, w-diolefins under suitable conditions.

It was found essential to carry out the
reaction at a lower temperature (below 100°C),
in a dilute alcoholic solution and in the
presence of a rhodium catalyst instead of the
cobalt catalyst usually used in the oxo reaction.
The use of a cobalt catalyst or of other sol-
vents resulted in a lower yield of dialdehyde.

After the reaction had been carried out
under the conditions cited above, the reaction
mixture was catalytically hydrogenated, because
it is easier to isolate the reaction products as
saturated aldehydes when unsaturated ones are
also present. Then the reaction products were
identified by converting them into 2, 4-dinitro-
phenylhydrazones and other derivatives of the
corresponding saturated aldehydes.

From 1,4-pentadiene pimelaldehyde was
obtained as a main product in addition to
monoaldehydes and other aldehydes in the
presence of a rhodium oxide catalyst, but cy-
clohexanecarboxaldehyde was obtained in the
presence of a rhodium chloride catalyst, which
generates hydrogen chloride in the course of
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the reaction. Cyclohexanecarboxaldehyde is
formed by an intramolecular aldol condensa-
tion of the dialdehyde. As supporting evidence,
cyclohexene-1-carboxaldehyde was isolated as
the hydrazone in another run. Pimelaldehyde
was converted by reduction with lithium alu-
minum hydride to 1, 7-heptanediol, which was
identified as diacetate by comparing the NMR-
and infrared-spectra and retention time of its
gas chromatograph with those of an authentic
sample.

2-Methylheptanedial was obtained from 1, 5-
hexadiene as a main product. The dialdehyde
was converted by permanganate oxidation to
the corresponding diacid and was identified as
its dimethylester.

Interestingly, it has already been reported
that monodlefin forms mainly branched-chain
aldehyde,” but in our experiments pimelalde-
hyde and 2-methylheptanedial were obtained
from 1, 4-pentadiene and 1, 5-hexadiene respec-
tively. This suggests that these diolefins form
the complexes with the rhodium carbonyl
suitable for the 1, 5-insertion of carbon mon-
oxide and that the migration of the double
bond? into the conjugated position does not
take place.

Even under these conditions, butadiene and
1, 3-pentadiene did not give dialdehyde, but
only monoaldehyde.

Experimental®

The Reaction of 1, 4-Pentadiene.—1, 4-Pentadiene
(1.36 g.) prepared from 1, 5-pentanediol diacetate
by pyrolysis,® rhodium oxide (0.5g.) and ethanol
(50 ml.) were charged in a 200 ml. stainless steel
pressure reactor. Air was removed, and a carbon
monoxide-hydrogen mixture (1:1) was introduced
up to the pressure of 150 kg./cm?®.  The reaction
was carried out at 60~100°C for 15 min., during
which time a pressure drop of 15kg./cm? was
observed. The gas mixture was released, the car-
bonyl catalyst was decomposed, and the reaction
mixture was hydrogenated at room temperature
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under atmospheric pressure over a platinum catalyst.
Then, the reaction mixture was treated with 2, 4-
dinitrophenylhydrazine in an acidic ethanol solution,
giving 5g. of a hydrazone mixture.

The portion of the hydrazone more soluble in
benzene was separated and purified by neutral
alumina column chromatography and was recrystal-
lized from ethanol, giving 0.7 g. of yellow crystals,
a mixture of the hydrazones of monoaldehydes
(m. p. 95~98°C).

Found: C, 51.54; H, 5.71.
N.O;; C, 51.42: H, 5.75%.

The portion less soluble in benzene was the hy-
drazone of cyclohexanecarboxaldehyde (0.5g., m. p.
169~170°C), and no depression of melting point
was observed with an authentic sample prepared
by the hydroformylation of cyclohexene.

Found: C, 53.28; H, 5.49. Calcd. for CisHye-
N,O,: C, 53.42; H, 5.529%.

When rhodium chloride was used as a catalyst
instead of rhodium oxide, cyclohexanecarboxalde-
hyde was a main product and the hydrazone of 1-
cyclohexene-1-carboxaldehyde was isolated on treat-
ing the reaction mixture with 2, 4-dinitrophenylhy-
drazine without hydrogenation (red crystals of
m. p. 214°C decomp., (lit.” 215°C decomp.)).

Found: C, 53.56; H, 4.87. Calcd. for CisHy-
MN;O,: C, 53.79; H, 4.86%.

The portion insoluble in benzene was further
fractionated by recrystallization from dimethyl-
formamide. The portion less soluble was consi-
dered to be the hydrazone of branched-chain
dialdehyde (0.8g., m.p. 214~216°C).

Found: C, 47.20; H, 4.16. Calcd. for C;sHg-
NgOq: C, 46.72; H, 4.13%.

The portion more soluble was a main product
identified with the hydrazone of pimelaldehyde
(l1.6g., m.p. 177~179°C (lit.*> 180~181°C), and
no depression of melting point was observed with
an authentic sample prepared by the Rosenmund
reduction of pimeloyl chloride.

Found: C, 46.81; H, 4.10. Calcd. for CisHzg-
N:Oy: C, 46.72; H, 4.13%.

In another run, the reaction mixture was poured
into water and extracted with ether. The ether
layer was dried, the extact was reduced with lithium
aluminum hydride, and the dialcohol boiling
between 140 and 150°C at 8 mmHg was collected
(0.5g. from 1.36g. of diolefine). The dialcohol
was converted into the diacetate and purified by
‘“ Megachrom.”  The identity of the product with
an authentic samplz of 1, 7-heptanediol diacetate
was confirmed by comparing the retention time of
their gas chromatographs and the NMR- and infra-
red-spectra. NMR-spectra: CH:0, 6.10r and
6.58 ¢ ; CH3;CO, 8.077r; CH:, 8.62r.

An authentic sample of 2, 4-dinitrophenylhydra-
zone of pimelaldehyde was synthesized in the
following way. Pimelic acid (8g.) was converted
into acyl chloride by treatment with oxalyl chloride
in benzene. The acyl chloride was reduced in
xylene (35ml.) in the presence of 5%, palladium
on barium sulfate (1g.) and ‘ Quinoline-S"’

Caled. for CisHye-
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(0.1ml.) at 150~160°C by bulbbling a hydrogen
stream until no more hydrogen chloride was
evolved. The catalyst was then removed, and the
reaction mixture was treated with 2, 4-dinitro-
phenylhydrazine. The hydrazones obtained (1.2g.)
were separated into the red hydrazone of cyclohexene-
1-carboxaldehyde (0.6g., m. p. 218°C (decomp.))
and the yellow hydrazone of pimelaldehyde (0.5 g.,
m. p. 177~178°C).

The Reaction of 1,5-Hexadiene.—The reaction
of 1, 5-hexadiene (1.65g.) prepared from allyl
magnesium bromide® was carried out for 20 min.
at 60~100°C in the same way as with 1, 4-pentadi-
ene. The reaction mixture was hydrogenated and
treated with 2, 4-dinitrophenylhydrazine. 3.6g. of
hydrazones were obtained. The hydrazones were
fractionated and recrystallized to give the following
products ; the hydrazones of monoaldehydes (0.8 g. ;
m. p. 96~100°C. Found: C, 53.20; H, 5.98.
Caled. for Ci3H;sN,Oy: C, 53.05; H, 6.16%), the
hydrazone of suberaldehyde (0.6g., melting point
and mixed melting point with an authentic sample
prepared by ozonolysis of cyclooctene 177°C (lit.
175°C,10 167~169°C®). Found: C, 47.30; H, 4.46.
Caled. for CyHzNsOs: C, 47.77; H, 4.41%), and
the hydrazone of 2-methylheptanedial (1.3 g. obtained
at a main product; m.p. 185°C (unreported).
Found : C, 47.81; H, 4.38. Calcd. for CaHzNsOs :
C, 47.77; H, 4.41%).

In another run, the reaction mixture was poured
into water and extracted with ether, and then the ether
was replaced by acetone. The acetone solution was
oxidized with an agueous permanganate solution to
give the dicarboxylic acid. After esterification, 0.6
g. of pure dimethyl 2-methylheptanediate (b. p.
90~92°C/5 mmHg) was obtained from 1.67g. of
diene and was identified by comparing the infrared-
and NMR-spectra and the retention time in its gas
chromatography with those of an authentic sample,
which had in turn been prepared from dimethyl
pimelate and methyl iodide in the presence of
sodium alcoholate.'’> The NMR-spectra (CHCls) ;
OCH:, 6.347; CH.CO and CHCO, 7.757; CHa,
8.507; CHy, 8.857.

Summary

Pimelaldehyde and 2-methylheptanedial have
been obtained from 1, 4-pentadiene and 1, 5-
hexadiene respectively by carrying out the oxo
reaction in alcohol at a lower temperature
(below 100°C) using a rhodium catalyst.
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out this work.
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