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This invention relates to a process for the cata-
lytic hydrogenation of carboxylic acids contain-
ing at least two carbon atoms and the esters and
anhydrides of such acids to the corresponding
aldehydes, and more specifically it relates to a
process for the hydrogenation of carboxylic acids
containing eight or more carbon atoms, and the
esters and anhydrides of such acids to the corre-
sponding aldehydes. -

The more common members of the aliphatic
system of organic compounds may be regarded
as derivatives of the simple hydrocarbons in which
oXygen, nitrogen, or other substituents have been
introduced in place of hydrogen atoms. This

system comprises among other compounds the al- .

cohols, aldehydes, lactones, acids, esters, salts,
acid chlorides, anhydrides, amides, nitriles, and
amines. By treatment with suitable reagents it
is possible to convert any one of these compounds

into any other, a fact which has contributed

largely to their widespread commercial exploita-
tion.

Among these interconversions, the direct re-
duction of acids to aldehydes has probably pre-
sented the greatest difficulty of all. Professor Mo-
reau in his “Pundamental Principles of Organic
Chemistry” states:

“Whereas the transformation of aldehydes into
primary alcohols is always effected by direct hy-
drogenation, the conversion of acids into alde-
hydes is, in general, only possible by indirect
means.”

Higher aldehydes are compounds of consider-
able technical importance, but owing to the diffi-

culties heretofore: involved in their preparation

on a large scale, they have; with few exceptions,
never become available commercially.

Of the known methods for obtaining aldehydes,
the following may be mentioned. One process,
depending upon the use of an acid derivative,
makes use of the diréect hydrogenation of an
acid chloride to the corresponding aldehyde in
the presence of a palladium catalyst, according
to the method of Rosenmund. Sabatier and

Mailhe have described a reaction in which acetic

acid may be reduced.to acetaldehyde by passing
it together with formic acid or carbon monoxide
over a manganese oxide catalyst. ‘Acids may also

be converted to aldehydes by distilling a dry mix- -

ture of the caleium or barium salt of the acid with
the same salt of formic acid (Cohen’s “Theoretical
Organic Chemistry”, second edition, page 127).
However, so far as I am aware, the processes for
the production of aldehydes described in the pres-

(Cl, 260—138)

ent invention have never been, known prior to
my discovery thereof.

- This invention has as an object a new process
of converting carboxylic acids containing at least
two carbon atoms per carboxyl group to the cor-
responding aldehydes by means of hydrogena-
tion. A further object is the conversion of esters
and anhydrides of such acids to aldehydes. An-
other object is the employment of highly efficient
hydrogenation catalysts to effect the desired con-
versions. Further objects will appear hereinafter.

The above objects are accomplished according
to the present invention by processes which in
a general way comprise the treatment of car-
boxyli¢ acids, their esters or anhydrides, with
hydrogen at elevated temperatures and substan-
tially atmospheric pressure in the presence of
suitable efficient hydrogenating catalysts.

According to the present invention the only

reducing agent required is molecular hydrogen 9

which is applied in the presence of a suitable
hydrogenating catalyst. One mol of hydrogen
is required to convert the —COOH group to a
—CHO group in the case of an acid, while a
similar reaction occurs in the case of an ester
or anhydride. The process is characterized by
hydrogenation of the acids, esters, or anhydrides
with a suitable hydrogenating catalyst at ele-
vated temperatures, and at pressures that are in
the neighborhood of atmospheric. In conduct-
ing the reactions, an excess of hydrogen is pre-
ferred, and a special hydrogenation catalyst de-
scribed hereinafter.

Catalysts especially suitable for the purposes
of this invention may consist of a mixture of
difficultly reducible and easily reducible oxides
of hydrogenating metals. By the term “difficultly

.reducible oxides” as used herein and in the claims,

I refer to those which remain substantially in
the oxide form after several hours’ exposure in
a pure state to the action of hydrogen at 400° C.
The preferred catalysts are those oxygen com-
positions in which the elements are at least par-
tially associated in the form of chromites. An
effective catalyst' comprising a mixture of the
chromites of different hydrogenating metals and
containing also some of the oxides of these metals,
may be made in the following manner: A solu-

-tion is prepared by dissolving 245 parts by weight

of crystallized zinc nitrate, 25 parts of hydrated
cadmium nitrate, and 24 parts of copper nitrate
(trihydrate) in about 750 parts of water. A sec-
ond solution is prepared by dissolving 100 parts
by weight of chromic anhydride (CrOs) in 500
parts of water and then adding 135 parts of 28
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per cent ammonium hydroxide. Precipitation of
the hydrogenating metals of the first solution
as chromates is effected by stirring and adding,
at room temperature, the second solution. The
mixture is exactly neutralized with additional
ammonium hydroxide and allowed to seftle. The
clear supernatant liquid is poured off and the
precipitate is washed several times by decanta-
tion with an adequate volume of wash water, after
which it is filtered and dried at abcut 100° C.

- The next step consists of igniting the dried filter

cake at 400° C. for four hours. This process con-
verts the double ammonium chromates of the
copper, zinc, and cadmium to metallic chromites
in which form they are employed as catalysts.
Suitable physical form is obtained by granulat-
ing the friable chromite powder and briquetting
it into the form of tablets, which may or may not
be broken up into grains of various sizes. In
some cases it is advisable to pre-reduce the cata-
lyst with hydrogen or other reducing gas prior
to loading into the converter. In other cases the
catalyst reduction is carried out in situ by heat-
ing up slowly in a stream of reducing gas, prior
to introduction of the acid to be hydrogenated.

The following examples are illustrative of the
method of carrying out the invention.

Ezxzample 1

Twenty-five cubic centimeters of a hydrogena-
tion catalyst prepared as described above and
crushed to 8-25 mesh size was placed in &
steel reaction vessel and slowly heated to 300° C.
in a stream of hydrogen. The temperature was
then raised to 376° C. and ethyl acetate was
pumped over the catalyst together with hydrogen
at atmospheric pressure. The ethyl acetate and
hydrogen were passed over the catalyst at rates
of 8.35 cc. and 35.6 cu. ft. per hour, respectively.

40 During the last 1.5 hours of a 5-hour run a solid
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carbon dioxide trap was placed in the exit line
and the products collected. In addition to un-
changed ethyl acetate and ethyl alcohol, a sub-
stantial quantity of acetaldehyde was obtained.

Example 2

Fifty cubic centimeters of the catalyst already
described was crushed to 8-14 mesh size niad pre-
reduced with hydrogen for one hour at 335°C. in
a steel tube. 'Then with the temperature still at
875° C., and at atmospheric pressure, lauric acid
and hydrogen were pumped over the catalyst at
respective rates of 25 ce. per hour and 26.9 liters
per hour. The products of hydrogenation were

condensed and upon separation by fractional dis-
tillation under reduced pressure yielded a sub-
stantial quantity of lauric aldehyde and in addi-
tion dodecyl, laurate, dodecyl alcohol, and un-
changed lauric acid. ‘The lauric acid was re-
cycled to produce additional dodecyl laurate.

Example 3

A run was made as in Example 2 except that
the lauric acid and hydrogen were pumped over
the catalyst at the respective rates of 50 cc. per
nour and 53.8 liters per hour. Thus, the time of
contact with the catalyst was reduced and a
larger yield of lauric aldehyde resulted.

Example 4

Ninety cubic centimeters of 8-14 mesh catalyst,
the preparation of which has been described,
was pre-reduced with hydrogen for one hour at
375° C. in a reaction tube. Then at a tempera-
ture- of 375° C. and at atmospheric pressure,
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ethyl laurate and hydrogen were pumped over
the catalyst at rates of 18 cc./hr. and 204 1./hr.,
respectively. Separation of the condensed prod-
ucts of hydrogenation gave ethyl alcohol, un-
changed ethyl laurate and a quantlty of lauric
aldehyde.

Example 5

Under the conditions of Example 2, caproic
anhydride and hydrogen were passed over the
catalyst at respective rates of 30 ce. per hour
and 50 liters per hour. The condensed products
of hydrogenation yielded a substantial quantity
of caproic aldehyde and also some unchanged
acid and the corresponding alcohol. -

While | the catalyst previously described is
preferred because of the yield of aldehydes
obtained, it is to be understood that other suitable
hydrogenating catalysts may be used.

Mild-acting hydrogenating catalysts such as
metallic copper «nd zinc oxide, which are well
known to be suitable for the synthesis of meth-
anol from carbon oxides and hydrogen, are in
general also suitable catalysts for the pro-

duction of aldehydes in the manner set forth. .

On the other hand, there are certain .very en-
ergetic catalysts such as metallic nickel and iron
which are known to catalyze the formation of
hydrocarbons  from the oxides of carbon and

- hydrogen. These ferrous metal catalysts, when
employed in the hydrogenation of acids, anhy- °

drides and esters to aldehydes, tend to carry the
reaction too far with the formation of hydro-
carbons. To make the hydrogenation operative
for the production of aldehydes fo the substan-
tial exclusion of hydrocarbons, I select as the
catalyst a eomposition comprising a member of
the group of non-ferrous hydrogenating metals
such as copper, tin, silver, cadmium, zinc, lead,
their oxides and chromites, and oxides of man-
ganese and magnesium. Especially good resulis
are obtained with finely divided copper oxide,
either wholly or partially reduced and preferably
supported upon an inert surface-extending ma-
terial such as kieselguhr, or promoted by such
promoters as manganese oxide, zinc oxide, mag-
nesium oxide, or chromium oxide.

The above mentioned mild-acting catalysts
may be termed the alcohol-forming catalysts.to
distinguish them from the more energetic hydro-

carbon-forming elements of the platinum and P

ferrous metal groups.

Elementary nickel, cobalt and n'on, when suit—
ably supported on kiese]guhr, may be used to
effect the reduction of the acids, anhydrides and

esters with hydrogen, but in these cases the prod- *

uct contains besides aldehydes a preponderance
of hydrocarbons. This disadvantage in most
cases will prove so serious as to preclude the use
of these catalysts unless the hydrocarbons them-
selves are the desired products.

Particularly good results have been obtained in
acid hydrogenation with catalysts prepared ac-
cording to the method described in U. S. Patent
1,746,783, wherein a double ammonium chromate
of a hydrogenating metal is heated to form a
chromite catalyst. As indicated in the examples,
success has attended the use of mixtures of
chromites of two or more hydrogenating metals.
The catalyst compositions prepared according to
the manner disclosed in co-pending application
Serial No. 470,238, filed June 23, 1930, and is-
sued June 26, 1934 as U. S. Patent No. 1,964,001,
are eminently suited to use in the present inven-
tion. I prefer to use a chromite composition con-
sisting substantially of zinc chromite but con-
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taining lesser quantities of the chromates or
chromites of copper and cadmium,

Temperatures as low as 200° C. may be used in
conducting the reaction, but the most satisfac-

5 tory results are obtained between 300 and 400° C.,
depending somewhat on the catalyst composition
selected and the chemical nature of the com-
pound to be reduced.

An important feature of the present invention

10 is the employment of pressures which are sub-
stantially atmospheric. Low pressures favor the
formation of aldehydes, whereas elevated pres-

" sures favor the formation of alcohols and esters
as described in my United States Patent No.

15 ‘1,839,974, issued January 5, 1932, It is pre-
ferred to operate at atmospheric pressure or at
bressures not greatly above normal. However,
when it is desired to produce mixtures of al-
cohols and aldehydes, g somewhat higher pres-

20 sure may be used, providing it does not exceed

.about 10 atmospheres. .

The ratio of hydrogen to acid, ester or anhy-
dride may also be varied over a wide range.
While it may not always be strictly necessary, the

25 use of an excess of hydrogen is preferred, say
from 2 to 10 moles per mole of compound to be
hydrogenated.

The rate at which the acld, ester or anhydride
may be passed over the catalyst is & function of

0 the molecular weight of the compound and the
catalytic acivity of the contact mass, In gen-
eral, it will be found desirable to use a rather
high rate to obtain the best yield of aldehyde,
say in the neighborhood of 10 volumes of com-

35 pound per unit volume . of catalyst, but higher

. rates may be employed successfully,

The present invention is applicable to the syn-
thesis of aldehydes from & great number and
wide variety of carboxylic acids. The conflgurg-

40 ation of the acid is relatively unimportant, Best
results are obtained from classes of acids known
as aliphatic and hydroaromatic acids, but the
Invention is not limited to these, as the process
may be applied to hydroxy or ketonic aclds,

45 monobasic, or dibasic aclds, or aromatic acidsg
containing the carboxyl group in an aliphatic
side chain. Likewise, esters or anhydrides of
such acids may be used. )

From the foregoing, 1t will be apparent that T

50 have developed an entirely new process for the
productfon of aldehydes which is superior to the
older indirect methods for obtaining the same.
The aldehydes which are obtained by the proc-
esses of this invention may be used as sources

65 of amines and are valuable as intermediates.
They may also be used for the production of addi-

~ - tion compounds and for condensation reactions.
The higher aldehydes will be particularly valu-
able, as in the past they have not been readily

60 | obtainable.

) It is apparent that many widely different em-
bodiments of this invention may be made with-
out departing from the spirit and scope thereof
and, therefore, it s not intended to be limited

65 except as indicated in the appended claims,

I claim: .

1. A process of producing aldehydes by the cat-
alytlc hydrogenation of g carboxyl group to an
aldehyde group, which comprises heating the va-

70 por of a compound containing the radical of
2n aliphatic monocarboxylic acid having at least
two carbon atoms, said compound being selected
from the group consisting of the acld, its anhy-
dride, and its alkyl esters, with hydrogen to a

76 temperature of at least 300° C. and at a pressure

3

less than 10 atmospheres, while in contact with
& mild-acting hydrogenation catalyst.

2. The process In accordance with claim 1
characterized in that the reaction is carried out
at & temperature between 300° C. and 400° C. 5

3. The processin accordance with claim 1 char-
acterized in that the reaction is carried out at
substantially atmospheric pressure, .

4. The process in accordance with claim 1
characterized in that the catalyst is a mixture of 10
hydrogenating metal chromites,

6. The process in accordance with claim 1
characterized in that the catalyst is a mixture of
hydrogenating metal chromites at least one of
which is a chromite of g hydrogenating metal 15
‘whose oxide is difficultly reducible. i

6. The process according to claim 1 character-
ized in that the catalyst comprises essentially a

"difficultly reduclble'hydrogenating metal oxide.

7. The process according to claim 1 character. 20
ized in that the catalyst comprises essentially
a mixture of hydrogenating metal oxides at least
one of which is a difficultly reducible metal oxide.

8. The process according to claim 1 character-
Ized In that the catalyst comprises essentially a 23
hydrogenating metal chromite,

9. The process according to claim 1 character-
ized in that the catalyst comprises essentially a
mixture of zinc, copper and cadmium chromites.

10. A process of producing aldehydes: by the 30
catalytic hydrogenation of a carboxyl group to
an aldehyde group, which comprises heating the
vapor of a compound containing the radieal of
an aliphatic monocarboxylic acid having at least _
eight carbon atoms, sald compound belng se- 33
lected from the group consisting of the acid, its
anhydride, and its alkyl esters, with hydrogen
to a temperature of at .least 300° C. and at a
pressure less than 10 atmospheres, while in con-
tact with a mild-acting hydrogenation catalyst.

11. Theé process in accordance with claim 10
characterized in that the catalyst is a mixture
of hydrogenating metal chromites,

12. The process in accordance with claim 10
characterized in that the catalyst is g mixture 45
of hydrogenating metal chromites at least one
of which is a chromite of & hydrogenating metal
whose oxide is difficulty reducible,

13. The process in accordance with claim 10
characterized in that the reaction is carried out 50
at a temperature between 300° C. and 400° C.

14. The process in accordance with claim 10
characterized in that the reaction is carried out
at substantially atmospheric pressure.

15. The process according to claim 10 charac- 55
terized in that the catalyst comprises essentially
2 difficultly. reducible hydrogenating metal oxide.

16. The process according to claim 10 char-
acterized in that the catalyst comprises essen-
tially & mixture of hydrogenating metal oxides at 6o
least one of which is g difficultly reducible metal
oxide,

17, The process according to claim 10 charac-
terized in that the catalyst comprises essentially
& hydrogenating metal chromite, 05

18. The process according to claim 10 charac-
terized In that the catalyst comprises essentially
& mixture of zinc, copper and cadmium chromites,

19. A process of producing laurie aldehyde by
the catalytic hydrogenation of & carboxyl group
to an aldehyde group, which comprises heating
the vapor of g compound containing -the radical
of lauric acid, said compound being selected
from the group consisting of the acid, its anhy-
dride, and its alkyl esters, with hydrogen to g 76
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temperature of at Jeast 300° C. and at a pressure
less than 10 atmospheres, while in contact with
a mild-acting hydrogenation -catalyst.

20. The process in accordance with claim 19
characterized in that the reaction is carried out
at a temperature between 300° C. and 400° C.

21. The process in accordance with claim 19
characterized in that the reaction is carried out
at substantially. atmospheric pressure.

29. The process in accordance with claim 19
characterized in that the catalyst is a mixture of
hydrogenating metal chromites. .

23. The process in accordance with claim 19
characterized in that the catalyst is 2 mixture
metal chromites at least one
of which is a chromite of & hydrogenating metal
whose oxide is difficultly reducible.
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24. The proéess according to claim 19 char-
acterized in that the catalyst comprises essen-
tially a difficultly reducible hydrogenating metal
oxide. :

25. The process according to claim 19 char-
acterized in that the catalyst comprises essen-

tially a mixture of hydrogenating metal oxides at

least one of which is & difficultly reducible metal
oxide.

26. The process according to claim 19 charac-
terized in that the catalyst comprises essentially
a hydrogenating metal chromite.

27. 'The process
terized in that the catalyst comprises essentially
a mixture of zine, copper and cadmium chromites.

WILBUR A. LAZIER.
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according to claim 19 charsc-
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