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’I'hls lnvention relates to the treatment of un-
saturated halldes and more particularly pertains
to the production of carbonyl compounds, i. e.,
compounds comprising an aldehyde snd/er a
ketone group, from non-tertiary vinyl-type

- halides containing at least féur carbon atoms.

The process of the invention is preferably -

executed by reacting a non-iertiary vinyl-type
‘halide containing at least four carbon atoms with
an aqueous solution comprising 8 strong mono-
or polybasic mineral acid-acting oxyacid, and
separating the carbonyl compound thus produced
from. the reaction mixture. - The process may also
‘be executed by first coniacting, &, non-tertiary
vinyl-type halide containing at least/four carbon
atoms with a strong mono- or polybasic minersl
acid-acting oxyacid in the substantial sbsence

of water, the carbonyl compound being thereafter

formed upon subsequent trea.tment of the reac-
tion mixture with water.

The nature of the carbonyl compound obtained "

by reacting a non-tertiary vinyl-type healide with

10

or more halogen atoms in addltion to the halogen -

atom or ‘atoms contained in one or more of the .

above groupings comprised therein.
The vinyl-type halides to which the present

process is applicable are non-tertiary, that is, they -

contain a vinylic grouping wherein neither of the .
vinylic carbon atoms is tertiary, i. e., attached -
to three other carbon atoms. Hence a compound
comprising grouping V, supra, alone is unsuited
for the purpose of the invention. The term “non-
tertiary” ag used herein and in the appended
claims is intended to exclude such compsunds.
It is to be understood, however, that the treated
compound msay comprise & vinylic grouping
wherein one of the vinylic carbon atoms is tertiary
If it also contains a vinylic grouping wherein the

_ vinylic carbon atoms are either primary or

o mineral acid-acting oxyacld sccording to the .

process of the invention is dependent upon the
structure of the psarticular: halide or haiides
treated.

Vinyl-type hsalides are distinguished from non-
vinyl-type unsaturated halides in that they con-
tain at least one hdlosen atom which is attached
te an unsaturaied carbon atom. Thus, any Or=
ganic compound embracing any one or more of
the structures or groupings,
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may be properly designated a vinyl-type halide,
while the ferm “vinylie carbon atom” may be
applied to either of the ynsaturated carbon atoms
in each grouping. The grouping may comprise
part of an iso or normasal alkyl chain which may

or may not be attached to a cyclic radical ag of

the aromatic, alicyclic, and heterocyclc zeries or
_ may comprise part of an slicyclic structure. The
organic compound. may or may not contain one
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secondary, i. e, connected to only one or two
other carbon atoms, but in general it is preferred
to execute the process with vinyl-type halides de-.
void of tertiary vinylic carbon atoms. The treated
compound msay, of course, contain one or more
non-vinylic tertiary carbon atoms. A suitable
group of vinyl-type halides ihcludes, among
others, compounds such as the following together
with their homologues, analogues and suitable
substitution products,
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‘It should be understood that in the vinyl-type
halides treated the hydrogen atoms other than

those included in the vinylic groupings may be

substituted by alkyl, alkoxy, aralkyl, aralkoxy,
carbocyclic, heterocyclic and/or aryloxy groups
which may or may not be further substituted as
well as by any suitable organic radical or mono-
valent substituent. Most preferably the halogen
atom or atoms of the compound treated are either
bromine, chlorine, or iodine.

As stated, the nature of the carbonyl com-
pound . obtained upon execution of the present
. process depends upon the structure of the vmyl
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type halide treated. For example, if the treated
halide comprises grouping I, that is, the group
H Hal
—b=bo .
wherein the halogenated vinylic carbon a.tom is
a secondary carbon atom, the overall reaction

" results in the formation of a ketonic compound.
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On the other hand, should the treated compound
contain a primary halogenated vinylic carbon
atom, i. e., a halogenated vinylic carbon atom
which is attached to only one other carbon atom,
namely the vicinal vinyli¢c carbon atom, the re-
action according to the invention results in the
formation of an aldehydic compound.

When the compound subjected to treatment
contains a plurality of halogenated vinylic car-
bon atoms including a primary halogenated
vinylic carbon atom, a product may be obtained
which is both aldehydic and ketonic, while the
presence in the treated compound of a plurality
of secondary hsalogenated vinylic carbon atoms
may result either in the production of a com-
pound containing a like number of ketone groups,
or of a halogenated ketone, depending upon
whether the halogenated vinylic carbon atoms
are vicinal. In the case of a compound such as

Hal Hal
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only one of the haivgens will, in_general, be split
off, so that the product will ordinarily be a halo-
genated ketone,
- Hal O

r—o—b-r o
Halogenated carbonyl compounds are also ob-
tainable by the process of the invention, by the
treatment of compounds comprising one or more

‘halogen atoms attached to carbon atoms other

than the vinylic carbon atoms contained there-
in. Compounds containing a vinylic carbon atom
of tertiary character, which compounds do not
also contain a vinylic grouping wherein the car-
bon atoms are either primary or secondary, when
treated according to the invention do not give

" carbonyl compounds but rather halohydrins, and

hence are without the scope thereof as previous-
1y herein stated.

The invention may be executed employing a
wide variety of strong mineral acid-acting oxy-
aclds. Among the many suitable acids may be
mentioned the strong mineral oxyacids, HaSOu,
HPO3, HaS201, HP20s, HiPO3;, HiPO4, HP201;
the aromatic sulfonic acids such as benzene sul-
fonic acid, and the halo-sulfonic acids, particu-
larly chilorosulfonic and bromo-sulfonic acids.
‘When operating with the halo-sulfonic acids the

treated halide is Arst contacted with the acid in-

the substantial absence of water according to the
second stated mode of executing the process. The
term “mineral acid-acting oxyacids” as used
hereinafter in the specification and appended
claims is intended as encompassing the strong
mineral oxyacids such as those specifically named
as well as other strong oxyacids which act as
mineral acids. In the majority of cases, for rea-
sons of economy, availability and general con-
venience of operation, it is preferred to employ
sulfuric acid (H:804). The sulfuric acid is usu-
ally employed as an aqueous solution having a
sulfuric acid concentration in the range of about

. 80% to about 98%, according to the preferred

mode of executing the invention. The best re-
sults are ususlly obtained with those aqueous

-
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‘to less than about 25%, preferably 10% to 16%

soclutions containing from 80% to 80% HaSOu.
When lower acld concentrations are used, the re-
_action may proceed too slowly and incompletely
for general practical purposes. The use of sul-
turic acid in concentrations in excess of about
" 90% is disadvantageous in some cases due to the

occurrence . of undesirable polymerization and -

condensation reactions, but it is often possible to
offset this effect by operating at lower temper-
atures and/or by shortening the contact time.
When acids other than sulfuric are used, such
acids may be applied in corresponding concentra-

H2SO«. A convenient method of effecting the

" dilution comprises the slow addition of the re-

10.

tions depending on their strength and activity .

as compared to sulfuric acid. The use of weaker

* acids may require the employment of higher op-
erating temperatures.

It is preferred to effect the reaction of a suit-

able unsaturated hsalide and a suitable aqueous

‘mineral acid-acting oxyacid at a temperature
at which the reaction proceeds rapidly with a.

" minimum of polymerization. The reaction ‘is
preferably effected in a temperature range of
from shout 20° C. to sbout 40° C., slthough in
some cases temperaiures substa.ntially above this

“range (up {o 60° C.) may be advantageously ap-
plied. The optimuin reaction temperature will
usually be dependent on the specific reactants,
‘the concentration and strength of the acld ap-
plied-and/or the contact time of the reactants.

. . "To eveld polymerization losses due to local over-

hesting, it is preferred to slowly add the aque-
ous gcid to the unsaturated halide. The reac-
~ tion is usually exothermic, the heat liberated

ususally necessitating cooling of the reaction mix-
ture. Agitation of the remction mixture is ad-

ventageous since it may afford more efficient con-"

tact of the reactants and sid in maintsining &
more uniform temperature throughout the re-
action mixture: While it may be desirable in
some instances to effect the reactlon in the pres-
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action mixture to a mixiure of ice and/or water,

the ice and/or water being present;in an amount
suflicient to reduce the acid concentration to the
desired value, The resulting carbonyl compound
may be recovered from the relatively dilute acidic
mixture in a wide variety of suitable manners,
depending upon the specific carbonyl compound
to be recovered and on the particular tgste of the
operator.

‘While the present process has been referred to.

herein as executable by either one of two modes,
it will. be understood that the invention is not
limited to such modes of execution. For exam-
ple, & modified method of operation may be em-
ployed wherein the treated halide is subjected to.
the action of the mineral acid-acting oxyacid in
the presence of only enough water to effect par-
tial conversion thereof to the desired carbonyl

product, the reaction mixture being thereafter .

treated with sufficient additional water to con-
vert the remainder of the halide to product.

_When the process has been executed accord-
ing to the preferred method with 80% to 90% -
‘atueous sulfuric acid, recovery of the carbonyl

- product™ is best preceded by dilution of the re-
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ence of s suitable inert organic compouind such .

88 an ester, hydrocarbon, halogenated hydro-

carbon, and the like, in general such practice is.

not followed since it is necessary to use excess
acid to achieve satisfactory conversions and since
recovery of the diluent entsils special procedures
and equipment best avoided. In the absence of
an inert diluent, it is usuglly preferable when
employing sulfuric acid to add the acid in the

proportion of about 1 mol thereof for each vinylic

grouping present in the treated halide. This
practice results in the most complete utilization
of acid, although higher conversions may be at~
tained with little loss of yleld by using an excess
of acid. Under the preferred conditions of oper-
ation, that is, by operating with 80% to 90%

action mixture, preferably with water, to an acid
conceniration of between about 25% to 75%.

In many ceses it is preferred to recover the car-.
bony! compound by subjecting the diluted acidic -
reaction mixture to g distillation or fractionation.

treatmient under a subatmospheric or atmos-
pheric pressure whereby the product is usually
recovered. per se or-as & constant boiling mix-
ture’ with water. and/or the unreacted halide,
if any is present. Not infrequently it is desirable
to effect the distillation under a subatmospheric
preassure to prevent the carbonyl compound from
arranging to & less desirable product or prod-

-ucts as might occur at the kettle temperature

necessary to effect the distillation at atmospheric
pressure. If desired, the dilute acidic reaction
mixture may be neutralized by the addition of
an equivalent amount of a suitable basic sub-
stance. In general, the reaction product may be

- recovered from the aqueous acidic or neutral re-
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action’ mixture by any suitable means such as
fractionation, stratification, dehydration, extrac-
tion, and the like. Similar means may be em-

. Ployed to recover the carbonyl compound from

66

aqueous sulfuric at a temperature within the -

range of from aboui 20° C. to about 40° C., a
contact time of one hour is normally sufficient
for & high conversion and yield of the desired
product.

- When the process of the invention is executed
by first contacting the unsaturated halide with
the selected oxyacid in the substantial absence of
water, that is, with an essentially anhydrous acid,
or with an anhydrous solution of the acid in an
-inert solvent, formation of the desired carbonyl
product may be subsequenily effected by diluting
the reaction mixture with water. The tempera-
ture of the reaction mixture before and during
the dilution is preferably maintained at or below
about 20° C. but permissibly at any temperature
below about 40° C. Usually, where sulfuric acid
has been employed, enough water is added to the
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the condensate if the condensate comprises be-
sides the carbonyl product other constituents,
for example, water and/or unreacted halide.

In the -recovery of methyl ethyl ketone from
the reaction mixture resulting from reacting 2-

chlorobutene-2 with sulfuric acid and water ac-.

cording to the preferred method of executing the
invention, it has been found desirable to strip

. the reaction mixture subsequent to dilution with
. steam. By such practice sulfuric acid of a con-

cefitration of from 40% ‘to 50%, suitable for
reconcentration and re-use, can be recovered
without difficulty from the bottom of the strip-
ping column. The steam distillation is best con-
ducted under a reduced pressure where the acid

concentration of the reaction mixture is greater .

than 60%.  The top product from the stripper

consists of a mixture of methyl ethyl ketona,.

‘water, unreacted 2-chlorobutene-2 and a minor
amount of polymer. - These may be separated,
for example, by extracting the ketone with a
suitable solvent, such as hot water, or by {rac-

reaction mixture to reduce its acid concentratlon 76 tionation.
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The present process is of particular value as
applied to effect the conversion of 2-chlorobu-
tene-~2, which is a cheap by-product material for
which few uses are known and which is avail-

able in large quantities, to methy] ethyl ketone,

an. excellent low boiling solvent which may be

substituted in many instances for relatively more.

expensive solvents. The anhydrous hydrogen
chiloride produced as a result of the reaction be-
tween 2-chlorobutene-2 and sulfuric acid is eas-
ily recoverable and finds ready application, for
example, in the manufacture of molecular chlo-

10

rine according to the Deacon process and modi- .

fications thereof. .

The following examples, introduced in illus-
tration of the process of the invention as applied
to the production of methyl ethyl ketone from
2-chlorobutene-2, are not to be construed as lim-
. iting the invention to the treatment of this spe-
cific vinyl-type halide or to the conditions of op-
eration disclosed. o

_ Ezample I

Approximately 4 mols of 2-chlorobutene-2,

ol :

' cn:-(':=cn—cn; )
were charged to a glass flask fitted with a stirrer.
About 5 mols of aqueous sulfuric acid of a con-
centration of about 84% was then added to the

fiask as quickly as possible. The reactants were
permitted to remain in contact for about one

hour, the HC] evolved being caught in a water -

scrubber. The very small amounts of other'gases
produced were discarded. Upon expiration of
the contact period during which the average tem-
perature within the reactor was 28° C., the mix-
ture in the flask was diluted with water to an
acid concentration of about 60% on an organic-
free basis and stripped with steam without re-
_flux in a continuously operated column, the re-
action mixture being fed to the top of the col-
umn, the steam. being introduced at the bottom
thereof. Analysis of the product from the strip-
per revealed that about 64% of the 2-chlorobu-
tene-2 had been converted to methyl ethy! ke-
tone. The yield of methyl ethyl ketone on the
‘basis of the reacted chloride was between 84%
and 85%. - :
Example 11

The experiment of Example I was repeated,
the mol ratio of the acid and chloride being ap-
proximately 1:1 as compared to 5:4 as in the
first experiment. ‘The average temperature with-
in the reactor was 31° C. while the contact time
was halved to 30 minutes. The reaction mixture
was diluted to 25% acid prior to the steam strip-
ping step which was accompilished batchwise.
Between 59% and 60% of the 2-chlorobutene-2
reacted, the yield of methyl ethyl ketone being
85%.

Example 111

The experiment of Example I was again re-
peated, the treated chloride being diluted to fifty
weight per cent with a synthetfc octane solvent.
An excess of acid was used (5 mols 84% acid to
3.18 mols of 2-chlorobutene-2). Othér conditions
were substantially the same. 0.69 mol of the chlo-
ride did not react. The yleld of methyl ethyl
ketone on the basis of the reacted chloride was
about 87%. ) :

R Example IV
A continuous reactor consisting of a packed
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column 85 cm. long by 4.5 cm. in diameter was 75
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employed. About 71; mols of undiluted 2-chlo-
robutene-2 was continuously passed into the bot-
tom of the column while about 8% mols of 84%
aqueous sulfuric acid was continuously introduced
at the top. The average column temperature
was about 30° C., while the rate of material feed

‘was so regulated as to give & contact time of the

reactants of roughly 60 minutes. After the re-
action was started all of the unreacted 2-chloro-

.butene-2 was carried out as vapor with the hy-

drogen chloride. 3.86 mols of anhydrous HC1
were recovered. - The reaction mixture withdrawn
from the bottom of the column was collected
and subsequently steam stripped. The run re- .
sulted in a 70% conversion of the 2-chlorobu-
tene-2 and an 80% yield of methy! ethyl ketone.

‘We claim as our invention: ’ :

1. A process for the production of methyl ethyl
ketone which comprises reacting 2-chlorobutene-2
with aqueous sulfuric acid of a concentration be-
tween about 80 and about 90 per cent at a tem-
perature in the range of from about 20° C. to
40° C., diluting the reacted mixture with water
to a sulfuric acid concentration between about 25-
and about 75 per cent, and steam distilling the
diluted reacted mixture to separate the methyl
ethyl ketone therefrom. -

2. A process for the production of methyl ethyl
ketone which comprises reacting 2-chlorobutene-2
with sulfuric acid in the substantial absence of
water at a temperature between about 20° C. and
about 40° C., treating the resulting mixture with
sufficient water to reduce the acid concentration
to below about 25 per cent, and steam distilling
the diluted reacted mixture to separate methyl '
ethyl ketone therefrom.

3. A process for preparing methyl ethyl ketone
which comprises reacting 2-chlorobutene-2 with
& concentrated aqueous solution of a strong min-
eral oxyacid at a temperature not substantially
above 60° C. for a sufficient period of time to con-

“vert & substantial portion of the 2-chlorobutene-2

to methyl ethyl ketone, and recovering thé methyl

_ethyl ketone, .

4. A process for the production of methyl ethyl
ketone which comprises reacting 2-chlorobutene-2
with sulfuric acid.

6. A process for the production of methyl ethyl.
ketone which comprises reacting 2-chlorobutene-2
with a strong mineral oxyacid and water.

6. A process for the production of methyl ethyl
ketone which comprises reacting 2-chlorobutene-2
with a mineral oxyacid. ‘ .

7. A process for the production of a carbonylic
compound which. comprises reacting a mono-ole-
finic halide which contains at least four carbon
atoms, wherein the olefinic carbon atoms are of '
the group consisting of primary and secondary
olefinic carbon atoms, and wherein at least one
of the olefinic carbon atoms is directly. linked to
& halogen atom; with agueous sulfuric acid of a
concentration between about 60% and 90% at a
temperature not substantially above 60° C, for a
sufficient period of time to convert a substantial
portion of the olefinic halide to a carbonylic com-~
pound, diluting the reacted mixture with water
to an acid concentration below about 25%, and
steam distilling the diluted mixture to Separate
the carbonylic product. :

8. A process for the production of a carbonylic
compound which comprises reacting a mono-ole-
finic halide which contains at least four carbon
atoms, wherein the olefinic carbon atoms are of
the group consisting of primary and secondary
olefinic carbon atoms, and wherein at least one
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of the oleﬁmc carbon atoms is directly linked to
a halogen atom, with a concenirated aqueous so-
lution of a strong mineral oxy acid.

9. A process for the production of a carbonylic

compound which comprises reacting a mono-ole- .

finic halide which contains at least four carbon
atoms, wherein the oleflnic carbon atoms are of
the group consisting of primary and secondary
olefinic carbon atoms, and wherein at least one

of the olefinic carbon atoms is directly linked to 10

a halogen atom, with a concentrated aqueous so-
Jution of sulfuric ac1d

'10. A process for the production of a carbonylic
compound which comprises reacting a mono-ole-
finic chloride which contains at least four car-
bon atoms, wherein the olefinic carbon atoms are
of the group consisting of primary and secondary
olefinic carbon atoms, and wherein at least one
of the olefinic carbon atoms is directly linked to
a chlorine atom with a concentrated aqueous so-
lution of surfuric acid.

HARRY pE V. FINCH.




