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“The present invention relates to the production of keto
esters, and it has for its object the provision of a new
and improved process for this purpose.

Another object of the present invention is to provide a
simple and economical process for producing acetone
dicarboxylic acid esters from citric acid esters. Various
other objects and advantages will be apparent as the
nature of the invention is more fully disclosed.

Esters of acetone dicarboxylic acid have  previously
been prepared by the esterification of acetone dicarboxylic
acid.  Acetone dicarboxylic acid is in turn produced by
the reaction between citric acid and oleum at low tem-
peratures, under which conditions formic acid is split
out, forming the enol of acetone dicarboxylic acid, which
undergoes tautomeric rearrangement into the keto form
as follows:

CH.—~COOH CH—~COOH
......... oleum
HO—C—COOR; — HO—C +HCOOH
CHbi—COOH CH—COOH
(Citric acid) J r (enol form)
' (lJHs—COOH
0=C ’
H~COOH

(Acetone dicarboxylic acid)

The formic acid which is split off is not stable in the
* presence of oleum, and decomposes to form carbon
monoxide and water. The process of formation of ace-
tone dicarboxylic acid by the oleum method offers the
very considerable disadvantages that on a commercial
scale, it is difficult and costly to operate at the required
subfreezing temperatures in- acid-resisting plant equip-
ment, and the formation of carbon monoxide is obviously
less advantageous than the formation of carbon dioxide,
which is produced by the process of the present invention.
Additionally, the esterification of acetone dicarboxylic
acid is not a satisfactory process for the production of
acetone dicarboxylic acid esters. The acid is unstable,
even at room temperature. Esterification of acetone di-
carboxylic acid is preferably conducted at clevated tem-
peratures at which the decomposition rate of the acid is
very great. Resort to lower esterification temperatures
greatly increases the time required to complete the esteri-
fication reaction, and considerable losses of acetone di-
carboxylic acid due to decomposition are not avoided.
As a result of the facts stated above, neither acetone
dicarboxylic acid nor its esters is available in commercial
quantities, although some of these compounds have been
known for decades.
The present invention is based upon my discovery
that citric acid esters may be oxidized by means of agents
such as chromic acid to produce acetone dicarboxylic

acid esters. A highly important advantage of my process .
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is that it is commercially feasible. The esters produced
thereby are useful in the production of pharmaceuticals,
drugs, alkaloids, dyes and other organic chemicals. Thus,
where the esters are the preferred form of acetone di-
carboxylic acid, the ester is, in accordance with the
present invention, produced by oxidizing the ester form
of citric acid.

1t should be noted that the utilization of the conven-
tional techniques known to the art for the transformation
of citric acid -into acetone dicarboxylic acid are not
operative for the transformation of the ester of citric acid
into the ester of .acetone dicarboxylic acid. Specifically,
the treatment of esters of citric acid with oleum or
highly concentrated sulfuric acid does not result in the
production of substantial amounts of acetone dicar-
boxylic acid esters. On the contrary, the oleum merely
acts to decompose or hydrolyze the ester group.

1t is, moreover, of interest to note that the ‘oxidation
of citric acid esters to the corresponding esters of acetone
dicarboxylic acid proceeds in accordance with an entirely
different mechanism than does the reaction between oleum
and citric acid. As previously mentioned, the reaction
between oleum and citric acid produces formic acid, which
decomposes into carbon monoxide and water. - It is a
resction which takes place under dehydrating conditions.
Any water which is formed by the reaction combines
with the SO; of the oleum to form sulfuric acid. When
the SO; has been used in this way or diminished, the re-
action rate drops. On the other hand, oxidation of the
ester of citric acid results in the formation of carbon
dioxide, rather than the monoxide, and the reaction is
performed under aqueous conditions at relatively low
temperatures. These conditions are not those familiarly
known as conditions under which any kind of splitting
out of either water or formic acid could take place, and
the production of carbon dioxide shows that it does not
in fact take place. Consequently, it should be clear that
the reaction does not involve the splitting off of formic
acid from the citric acid molecule, which is the mech-
anism attending the reaction between citric acid and
oleum.

The successful oxidation of citric acid .esters to the
corresponding esters of acetone dicarboxylic acid is quite
surprising, in. view of the teachings of Kuyper in the
Journal of the American Chemical Society, volume 55,
of April 1933, to the effect that attempts to oxidize citric
acid by means of a sulfuric acid solution of permanganate
at room temperature result in the production of only
formaldehyde, formic acid and carbon dioxide. Kuyper
states that the formation of less highly oxidized products
is improbable, neither acetone nor any other partial
oxidation products being detectable. -
 The process of the present invention may employ many
different esters of citric acid. Among the liquid esters
which I have oxidized to the corresponding acetone dicar-
boxylic acid esters are: mono- and diethyl, mono- and
dibutyl, and mono- and dipropyl, although the process
is by no means limited to the use of these esters. In
fact, the above were oxidized and studied as examples
only. of various types of mono- and di-citric acid esters
which could be treated by this process to form the cor-
responding acetone dicarboxylic acid esters.

It is also a purpose of the present invention to provide
a useful method of purification of citric acid esters.
It has been found that citric acid esters which are esterified
with Tespect to the carboxylic acid group bonded to the
beta carbon atom are more resistant to oxidation than
are citric acid esters in which the carboxylic acid group
attached to the beta carbon atom has not been esterified.
Consequently, a mixture of citric acid- esters may be
oxidized under controlled conditions so that the more
stable forms thereof are not attacked. The esters which
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undergo oxidation have ‘one less carboxyl group, and the
alcohol group has been oxidized to the ketone. Conse-
quently, the oxidation products have decidedly different
properties from the properties of the starting materials,
and may be easily separated from the oxidation-resistant
citric acid esters which have not been attacked. It should,
therefore, be evident that oxidation of a mixture of citric
acid esters will result in an ester of acetone dicarboxylic
acid considerably purer than the mixture of citric acid
esters from which they have been derived, because they
contain a much smaller amount of esters in which the
carboxyl group attached to the beta carbon atom is
esterified. At the same time, the unreacted mixture of
citric acid esters will be considerably purified by virtue
of the removal from the mixture of a large proportion of
those esters in which the carboxyl group attached to the
beta carbon atom was not esterified.

Although chromic acid is preferred as an oxidizing
agent, it is by no means the only oxidizing agent which
can be used for the purposes of my invention. Other
agents which have been used to prepare acetone dicar-
boxylic acid esters according to the invention are potas-
sium permanganate and potassium dichromate (with
sulfuric acid). The invention is not limited to the use

of these agents, but may employ any agent capable of °

oxidizing the alcohol group on the central carbon atom
in citric acid or its esters. In the case of each of the
above mentioned oxidizing agents, successful oxidation
of citric acid ester to a corresponding acetone dicarboxylic
acid has been observed, although not necessarily with
equal efficacy. Thus, preliminary oxidations in acetic
acid using chromic acid dissolved in acetic acid resulted
in low yields of the desired product, and the resulting
product was difficult to purify. The elimination of acetic
acid in the reaction (either due to the influence of im-
purities in the acetic acid or the acetic acid itself or
the absence of water), and the substitution of water gave
a very smooth reaction, and gave a good yield of the
desired keto ester. It is similarly possible that oxidations
of citric acid esters may be made equally well with potas-~
sium permanganate, although at the present time this
agent is considered to be inferior. The oxidizing agent
of choice will depend on the other conditions of the
oxidation, such as pH, solvent and temperature.

Although the. oxidation in Example I below is made
in water, other solvents and solvent aids may be present.
Thus, successful oxidations have been made in glacial
acetic acid, and other solvents such as methyl ethyl ketone,
benzene and ethyl acetate may be present to reduce the
further oxidation of the desired acetone dicarboxylic acid
ester.

While the oxidation may advantageously be made with
a technical grade diester or monocester, this is by no
means required for the operation of the process. Thus,
pure symmetrical dicyclohexyl citrate has been oxidized to
the corresponding acetone dicarboxylic acid diester. The
oxidation of a technical grade material has an advantage
in that it offers a means of production of a purer grade
asymmetrical citric acid ester, and the acetone dicar-
boxylic acid ester can be regarded as the by-product of
the reaction, or vice versa, depending upon the commercial
outlook. The use of a pure starting material offers an
advantage in certain cases for the simplification of the
oxidation process, a pure product, etc.

Although the oxidation in Example I which follows
is made at temperatures above room temperature, this is
not considered to be a limiting factor, and under certain
circumstances a milder temperature might be favored,
and even cooling might be advisable in some cases.

Furthermore, where the oxidation example is described
as being made at a pH resulting from sulfuric acid excess,
this does not necessarily represent the ideal condition for
this type of oxidation. Other oxidations have been made
using acidification media such as acetic acid as an example
of organic acids.
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The following examples employ laboratory procedures,
and it will be evident that certain modifications may be
made without limiting the scope of the invention.

EXAMPLES
Example 1

100 grams of technical grade dipropyl citrate (con-
taining a mixture of asymmetrical and symmetrical di-
propyl esters) is mixed with 100 grams of water and 41
grams of 50% sulfuric acid were added. Seven grams
of chromic acid dissolved in about 15 cc. of water are
added to the mixture with stirring in a 600 cc. breaker
without external cooling. After about fifteen minutes’
stirring, the temperature rises to 40°~50° C. As the re-
action appears nearly complete, as evidenced by a slight
drop in temperature, an additional 7 grams of chromic
acid are added and the stirring is continued for another
fifteen minutes. The solution is green and has evolved
considerable carbon dioxide, showing that the reaction
has gone to completion. The mixture is cooled and ex-
tracted with benzene. The benzene layer is washed with
water, then with sodium sesquicarbonate solution, and
eventually dried with anhydrous sodium sulfate. The
benzene is distilled off and the residue distilled under
high vacuum (approximately 1 mm. pressure), at which
pressure the main fraction distills at 100°~120° C., and
is dipropyl acetone dicarboxylate. It gives a red color
with ferric chloride solution in alcohol, and it has a re-
fractive index of 1.44 (25° C.). An analysis of the
main fraction was as follows:

Calculated: C, 57.36; H, 7.88. Found: C, 57.50; H,
8.02.

The above reaction illustrates the method of separation
of citric esters with an ester group on the central carbon
atom, from a mixture of esters. The sodium carbonate
(sesquicarbonate) extract is acidified with dilute sulfuric
acid and an oil separates out which is asymmetrical di-
propyl citrate.

Example 11

This is an example of an oxidation in the presence
of an inert solvent to reduce the solubility of the acetone
dicarboxylate, once formed, in the aqueous layer.

100 grams of technical grade dipropyl citrate is mixed
with 100 grams of water, 50 grams of benzene, and 41
grams of 50% sulfuric acid then are added. Seven grams
of chromic acid dissolved in about 15 cc. of water are
added and the reaction allowed to proceed as in the
previous example; and at the point when the temperature
is dropping, an additional 7 grams of chromic acid is
added and the stirring continued for an added time. The
mixture is cooled and additional benzene added, the lower
layer drawn off in a separatory funnel, and the benzene
layer washed with water, then sesquicarbonate, and
eventually water, and dried with anhydrous sodium sul-
fate. The benzene was distilled off under vacuum, and
the residue distilled in high vacuum. The product ex-
hibited similar properties as described in the previous
example.

Example 111

100 grams of techmical grade diethyl citrate ester to
which had been added 100 cc. of water and extracted with
benzene to remove triester, were oxidized with 18 grams
of potassium permanganate added in solid form in por-
tions to the stirred solution with external cooling, to
which solution also had been added 36 grams of 50% sul-
furic acid. The temperature rose and considerable car-
bon dioxide gas was evolved, and the solution eventually
appeared to react only slowly with additional perman-
ganate, and was nearly colorless. The mixture was filtered
from excess permanganate. Two layers were apparent,
and they were separated in a separatory funnel. The non-

aqueous layer consisted of monoethyl acetone dicarboxyl-
ate, diethyl acetone dicarboxylate and a further sub-
stance which has not yet been identified. The yield of
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diethyl acetone dicarboxylate in this particular example

was not as great as that achieved with chromic acid oxi-

dation. The above is.an example of the production of a

monoester of acetone dicarboxylate together with the di-

ester. ) :
Example 1V

Oxidation of diethyl citrate (techmical) with chromic
acid as in Example I yielded a cleaner product, and a
greater yield of the diethyl acetone dicarboxylate was
produced than in Example IIL.

Example V

Fifty grams of crystalline, symmetrical dicyclohexyl
citrate were dissolved in 220 cc. of acetic acid and 4.5
grams of chromic acid (dissolved in a minimum of water
and diluted with a few cc. of acetic acid) were added
with stirring. The reaction occured slowly and was al-
lowed to stand overnight, during which time carbon di-
oxide was evolved slowly. The reaction mixture was
diluted with water and washed with some dilute sulfuric
acid. The product was thick. It was washed with water
and ammonium hydroxide added to the stirred mixture
until neutral to remocve unoxidized starting material.
The resulting washed oil was distilled under high vacuum,
yielding a small amount of an oil having the properties
of a beta ketone, namely, giving a strong test with ferric
chloride. The yield of this product was not high.

Example VI

1400 grams of crystalline dimethyl citrate were stirred
with four liters of hot water, and 410 cc. of concentrated
sulfuric acid and four liters of toluene were added. The
mixtare was held at 65° C. during the addition of 500
grams of chromic acid dissolved in 1250 cc. of water
by means of gradual addition with constant agitation.
At the end of the addition of the chromic acid, the reac-
tion mixture was cooled and separated. The toluene was
distilled off, yielding 385 grams of crude residue. One
distillation of this residue yielded a product having all
the qualities of purified dimethyl acetone dicarboxylate.

Example VII

100 grams of technical grade dibutyl citrate, freed of
tributyl citrate, were dissolved in 50 cc. of glacial acetic
acid and the theoretical amount of chromic acid (dis-
solved in a minimum of water and diluted with a few ccs.
of acetic acid) to oxidize the complete mixture to a ke-
tone were added along with some 50% sulfuric acid to
keep the mixture strongly acidic. The mixture reacted
vigorously and the temperature rose to 60° C. Stirring
with external cooling was continued a few minutes, the
mixture cooled and diluted with water, yielding an cil.
The oil was mixed with water and neutralized with am-
monium hydroxide. The remaining neutral oil was dis-
tilled under high vacuum, and then redistilled, collecting
five fractions. The first three fractions gave strong ferric
chloride tests for a beta keto ester.

1t should be pointed out that the above examples show
the oxidation of symmetrical diesters and asymmetrical
monoesters to form corresponding esters of acetone di-
carboxylic acid. The asymmetrical diesters and symmet-
rical monoesters are not readily reactive with chromic
acid under the conditions employed.

1 claim: :

1. A process wherein a citric acid ester, selected from
the group consisting of asymmeétrical lower alkyl and
cycloalkyl monoesters of citric acid and symmetrical
lower alkyl and cycloalkyl diesters of citric acid, is oxi-
dized to an ester of acetone dicarboxylic acid, which
comprises subjecting said citric acid ester to the action
of a chemical oxidation agent selected from the group
consisting of chromic acid, potassium permanganate, and
potassium dichromate at temperatures up to about 65°
C. in a solvent selected from the group consisting of aque-
ous acid and water in admixture with an organic solvent
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for said ester of acetone dicarboxylic acid and jsolating
said ester of acetone dicarboxylic acid from’ the reaction
mixture. " : R

2. A process as recited in claim 1 in which said citric
acid ester employed is said symmetrical diester.

3. A process as recited in claim 1 in which said citric
acid ester employed is said asymmetrical monoester. -

4. The process of claim 1 wherein said citric acid ester
is present in a mixture containing an ester of citric acid,
selected from the group consisting of lower alkyl and
cycloalkyl esters, wherein the carboxylic acid group at-
tached to the beta-carbon atom is esterified.

5. A process for producing esters of acetone dicar-
boxylic acid by oxidation of an acid ester selected from
the group comsisting of asymmetrical lower alkyl and
cycloalkyl monoesters of citric acid and symmetrical
lower alkyl and cycloalkyl diesters of citric acid, which
comprises oxidizing said citric acid ester in an aqueous
medijum acidified with a mineral acid and containing
chromic acid, said oxidation being carried out at.tem-
peratures up to about 65° C. and isolating said acetone
dicarboxylic acid from the reaction mixture.

6. A process of producing an acetone dicarboxylic acid
ester which comprises oxidizing at temperatures up to
about 65° C. a citric acid ester selected from the group
consisting of asymmetrical lower alkyl and cycloalkyl
monoesters of citric acid and symmetrical lower alkyl
and cycloalky! diesters of citric acid, with a chemical
oxidation agent selected from the group consisting of
chromic acid, potassium permanganate, and potassium
dichromate, said oxidation being conducted in intimate
contact with water and an organic solvent, said organic
solvent being a solvent for said acetone dicarboxylic acid
ester and forming a separate phase in said reaction me-
dium whereby said acetone dicarboxylic acid ester is ex-
tracted from the aqueous phase of the reaction mixture
as it is produced by said oxidation.

7. A process of producing a mixture of acetone dicar-
boxylic. acid esters by oxidizing a mixture of citric acid
esters selected from the group conmsisting of mono- and
diesters of citric acid of the formula:

?Hg—'coon
HO—C—COOH
CH,~COOR’

wherein R is selected from the group consisting of hy-
drogen, lower alkyl and cycloalkyl and R’ is selected
from the group consisting of lower alkyl and cycloalkyl,
said oxidation resulting from the action of a chemical
oxidizing agent selected from the group consisting of
chromic acid, potassium permanganate, and potassium
dichromate in the presence of water and a mineral acid
at temperatures up to about 65° C. and isolating said
mixture of acetone dicarboxylic acid esters. )

8. A process of producing diesters of acetone dicar-
boxylic acid and simultaneously purifying a mixture of
citric acid esters, wherein said mixture contains esters of
citric acid having the carboxylic acid group attached to
the beta-carbon atom esterified with an alcohol selected
from the group consisting of lower alkanols and cyclo-
alkanols ‘which comprises oxidizing symmetrical lower
alkyl and cycloalkyl citric acid diesters to said diesters
of acetone dicarboxylic acid by the action of 2 chemical
oxidation agent selected from the group consisting of
chromic acid, potassium permanganate, and potassium
dichromate, said oxidation being conducted in an aque-
ous medium at temperatures up to about 65° C. and
separating said diesters of acetone dicarboxylic acid from
said citric acid esters wherein the carboxylic acid group
attached to the beta-carbon atom is esterified.

9. A process as recited in claim 8 in which said acetone
dicarboxylic acid esters and said citric acid esters are
separated from the reaction mixture by extraction with
a solvent selected from the group comsisting of benzene
and methyl ethyl ketone and said citric acid esters arg
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removed from the solvent by extraction with sodium Milbanes: Chem. Abst. 32, col. 3244 (1938).
sesquicarbonate. Peltz: Chem. Abst. 32, col. 9042 (1938).
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