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The present invention relates to a process of
preparing acetoacetic esters.

Various processes are already known for caus-
ing alphatic and cyclic compounds containing
hydroxyl groups to react with diketene so as to
obtain acetoacetic esters by using as an esterifi-
cation catalyst for Instance hydrogen chloride,
sulfuric acid or sodlum bisulfate or metalllc so-
dium. The reaction of organic compounds con-
taining sulphur, such as mercaptans or thiophe-
nols, with diketene so as to obtain thio-aceto-
acetic esters has, however, not yet been described.

Now we have found that, in general, organic
compounds with groups capable of belng esteri-
fled, for instance alcohols, phenols, mercaptans
or thiophenols, may be added on diketene so that
acetoacetlc esters or thloacetoacetic esters are
formed by performing the reaction in the pres-
ence of organic bases with tertiary nitrogen atom
or of salts having an alkaline reaction in agueous
solution, The compounds named are capable of
activating the diketene in such a manner that it
polymerises In case no other reactive compounds
are present, but that in the presence of com-
pounds capable of being esterified it is added on
sald compuonds wlth formation of acetoacetic
esters.

There may be used for instance trimethyl-
amine, triethyl-amine, tripropyl-amine, tributyl-
amine, dimethyl-ethyl-amine, triethanol-amine,
plperidine, picoline ethanol-piperidine, potassi-
um-, lithium- and sodium-acetate, secondary and
tertiary potassium- and sodium-phosphate, po-
tasslum- and sodlum-silicate, potasslum- and
sodium-sulflte, borax, potasslum- and sodium-
stearate or the llke. All these catalysts may be
used in a proportion of about 0.01 per cent up to
about 1 per cent calculated upon the diketene.
A larger quantity has no detrimental action but
in general it 1s useless.

It may be advisable to add, besides the sub-
stances named, also a small quantity, for in-
stance one-tenth to one-half of the catalyst, of
organic aclds, particularly aliphatic carboxylie
aclds, such as acetic acid, proplonic acid, butyric
acld, or the like, for preventing the formation of
by-products by the polymerizatlon of the dike-
tene. In the reactions described these aclds, if
applled alone, are entirely Ineffective as a cat-
alyst. The most favorable ratio between cata-
1yst and acld may empirically be found out in
an easy way and les for instance in the case of
sodium acetate and acetic acid at about 1:7 and
in the case of borax and proplonic acid at about
1:3.
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Diketene and the compound capable of being
esterified are In general applied in about equi-
moleculer proportions. The reaction is strongly
exothermic. By suitably cooling it is possible to
keep the temperature setting in so low that the
addition product 1s not injured. The reaction
may be performed without any difficully in a
continuous manner.

As starting materials there may, for instance,
be used methyl-alcohol, ethyl-aleohol, propyl-al-
cohol or isopropyl alcohol, the isomeric butyl-
and amyl-alcohols, oleyl-alcohol, glycols, such as
1.3-butylene-glycol, phenol, the cresols and xyle-
noles, thiophenol, the thlocresols and methyl-,
ethyl-, propyl- and butyl-mercaptane.

In comparison with the known processes like-
wise operating with application of diketene, the
process herein described has the advantage that
it is not necessary to eliminate the basic com-
pound acting as a catalyst from the mixture after
the reactlon has taken place, whereas the hith-
erto used catalysts had always carefully to be re-
moved in order to avold during a further treat-
ment by distillation a saponification or decompo-
sitlon of the acetoacetic ester formed. More-
over, strong discolorations readily occur in the
known processes; owing to sald discolorations it
is hardly possible, particularly if sensifive and not
distillable acetoacetic esters are concerned, to use
them for industrial purposes. The esters obtained
according to the present invention may, how-
ever, be used for most of the industriai purposes,
since the reaction may be carried through al-
ready at 50 low a temperature that careful reac-
tlon conditions are given. Finally very good
vields are obtalned according to the present proc-
ess; they exceed the hitherto known yields and
it 1s not necessary to apply a hitherto usual ex-
cess of for instance alcohol.

The following examples serve to illustrate the
invention, but they are not intended to limit it
thereto, the parts being by weight:

1. Into a solution preheated to 60° C. of 0.6 part
of triethyl-amine in 160 parts of methyl alcohol
there are introduced, drop by drop, while stirring,
420 parts of diketene with such a speed that the
temperature during the reaction may be kept by
an oceasional cooling at 60° C.-70° C. After the
entire quantity of diketene has been Introduced
stirring of the mixture 1s continued until the re-
action is complete and the mixture is then sub-
jected to a fractional distillation under a reduced
pressure of 20 mm. The acetoacetic acld methyl
ester distilling at 70° C.~73° C. under s pressure
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of 19-21 mm is obtained in a yield of about 95
per cent of the theoretical yield.

2. Prom 828 parts of absolute ethyl alcohol and
1512 parts of diketene there are obtained, in the
presence of 1.2 parts of triethyl-amine, in oper-
ating in a manner analogous to that of Example
1, 95 per cent of the theoretical yield of aceto-
acetic acid ethyl ester.

3. 230 parts of absolute ethyl alcohol are caused
to react, as described in Example 1, with 420 parts
of diketene in the presence of 1.3 parts of dehy-
drated sodium acetate so as to obtain acetoacetic
acld ethyl ester. The yield amounts to about 85
per cent of the theoretical yleld.

If the reaction is performed in the presence of
9.1 parts of glacial acetic acld or propionic acid,
the yield Increases to 90 per cent of the theoreti-
cal yield.

4. 500 parts of crude-diketene, containing 428
parts of pure dlketene, 43.5 parts of acetic anhy-
dride and 28.5 parts of higher ketene polymers,
are mixed with 1.3 parts of dehydrated sodium
acetate and the mixture is caused to react, as de-
scribed in Example 1, with 254 parts of absolute
ethyl! aleohol (calculated upon the pure diketene
+ acetic anhydride). An addition of acetic acid
is not necessary since acetic acid is inevitably
produced by the reaction of the anhydride with
the aleohol. About 90-95 per cent of acetoacetic
ester calculated upon the pure diketene are cob-
talned.

5. 240 parts of ordinary ethyl alcohol contain-
ing about 4 per cent of water, 420 parts of dike-
tene, 1.3 parts of sodium acetate and 9.1 parts of
glacial acetic acid are caused to react in a man-
ner analogous to that of Example 1, The yield
of acetoacetic ester amounts to about 85 per cent
of the theoretical yield.

6. 46 parts of absolute alcohol are condensed
as described in the preceding examples with 84
parts of diketene in the presence of 0.25 part of
secondary sodium phosphate, while adding 1.25
parts of acetic acld. Instead of secondary sodl-
um phosphate there may be used, as a catalyst,
borax or another salt named in the specification.
The ylelds of acetoacetic ester are between 80 and
90 per cent of the theoretical yleld.

7. 84 parts of diketene are dissolved in 74 parts
of n=butylalcohol and there are added to the sclu-
tion at room temperature, while stirring, first 1.5
parts of glaclal acetic acid and then 0.3 part of
pyridine. The reaction sets in at once with a
strong evolution of heat and is terminated after
a few minutes. The temperature may rise up to
the boiling point of the ester formed. By a dis-
tillation of the mixture under reduced pressure
there are obtained 85 per cent of the theoretical
vield of acetoacetic acld-butyl ester bolling at
79°-C.-80° C. under a pressure of 10 mm.
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8. 74 parts of anhydrous, tertiary butyl alco-
hol are condensed, as described in Example 7,
with 84 parts of diketene in the presence of 0.3
part of triethyl-amine so as to obtain acetoacetic
acld ester of the tertlary hutyl alcohol. The ester
boils at 55° C.-57° C. under & pressure of 3.5 mm
and is obtained in a yield of 85 to 90 per cent of
the theoretical yield.

9. 137 parts of commercial oleyl alcohol (6.2
per cent of OH) are caused to react, in a manner
analogous to that described in Example 1, at
100° C. with 42 parts of diketene in the presence
of 0.2 part of triethyl-amine, The ester formed
is distilled under a reduced pressure of 4 mm.
The ester boils at 185° C.-220° C. with a slight
decomposition. The yield amounts to about 85
per cent of the theoretical yield.

10. 45 parts of 1.3-butyleneglycol are con-
densed, as It is described in Example 1, with 84
parts of diketene under the action of 0.26 part of
scdium acetale, while adding 1.82 parts of glacial
acetic acld, During the condensation both OH-
groups are esterified. The feebly yellow mixture
is washed with water and then drled under re-
duced pressure. The ester is not distillable; the
yield of crude ester amounts to 80-85 per cent
of the theoretical yield.

11, 47 parts of phenol, 42 parts sf dikelene
and 0.1 part of sodlum acetate are caused to re-
act at 75° C-80° C, as it is described in the pre-
ceding examples. The acetoacetic acid pheny!
ester is obtained in & good yield and boils at 130°
(C=-142° C under a pressure of 7 mm.

12. 43 parts of thiophencl are condensed, as

5 it is described in Example 1, at about 55° C with

33 parts of diketene in the presence of 0.08 part
of triethylamine so as to obtain the acetoacetic
acld ester of thiophenol. The crude ester of a
feebly yellow coloration is not distillable and
for eliminating the triethyl-amine, the ester is
heated for a short time under a reduced pressure
of 3 mm to 50° C-60° C. There are obtained
74.8 parts of crude ester which is nearly pure as
has becn ascertained by analysis.

13. 65.5 parts of ethyl-mercaptan, 88 parts of
diketene and 0.3 part of triethyl-amine are
caused to react in a manner anslogous to that
described in Example 12. At the beginning of
the operation the temperaiure is kepl, by cooling,
at about 30° C; pari passu with the progressing
reacticn it is, however, gradually raised to ahout
60° C. Contrary to the aceloacetic acid ester of
thiophenol, the acetoacetic acid ester of ethyl-
mercaptan obtained in a good yield is distiilable,
though with a slight decomposition; it Loils at
66° C-73° C under & pressure of 2-3 mm.
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