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This invention relates to a novel and improved
method of forming substitution products from
cyclic or acyclic compounds and to the new prod-
ucts resulting therefrom. .

The primary object of the present invention
is to provide a novel and improved metho_d of
forming halogen-containing products either of
the aliphatic or aromatic series which shall per-
mit substitution of varying degrees, that is, one
or a multiplicity of hydrogen atoms may be re-
placed by a similar number of substituted group-
ings and/or halogen atoms.

A further object is to provide new products
consisting of compounds of the open or closed
chain series wherein some of the hydrogen atoms’
have been replaced by halogen atoms and at
least one of the hydrogen atoms has heen re-
placed by a group containing oxygen, sulphur
and chlorine, and wherein these new products
may be readily hydrolyzed or saponified and are
capable of reacting with other chemical com-
pounds.

A still further object is to provide a novel and
improved method of forming substitution prod-
ucts of this general character which shall be
inexpensive to carry out, easy to control, and
wherein any tendency of the compound being
substituted to polymerize may be easily avoided.

The foregoing and other objects and advan-
tages will become more apparent as the descrip-
tion proceeds, and will be pointed out in the
appended claims.

In carrying out my invention, the compound to
be substituted, if a gas or liquid, needs no further
preparation other than the application of heat
to start the reaction when necessary, or the use
of a diluent, or chilling when the reaction at the
In the case of solids, these may
be liquefied either by heat, if possible, without
disturbing their chemical structure, or by the
use of a solvent, or both.

I have discovered that when compounds of
either the aliphatic or aromatic series are treated
with a mixture of sulphur dioxide and one of the
halogens in the gaseous form, as for example
chlorine, by bubbling these two gases through
one of the aforementioned compounds a substi-
tution is effected upon the hydrocarbon by re-
placement of one or more hydrogen atoms of the
hydrocarbon and the formation of hydrogen
chloride. Continued bubbling of these two gases
through the compound appears to effect further
substitution by means of the replacement of addi-
tional hydrogen atoms as aforesaid. The sub-
stituent group or groups may be chlorine and/or
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& group containing oxygen, sulphur and chlorine.

I find it highly desirable, however, to stop the
reaction before the hydrocarbon is completely
substituted as this product does not appear to
hydrolyze or saponify as readily as when the
reaction is stopped at an earlier stage.

The substituent group containing oxygen, -sul-
phur and chlorine is relatively unstable and is
preferably formed in the absence of water. This
group Is readily hydrolyzed or saponified, and
when formed on compounds of the shorter chain
hydrocarbons, it is quite unstable to water, par-
ticularly at somewhat elevated temperatures. On
the longer chain hydrocarbons there is a lessening
of action as the number of carbon atoms in-
creases. Thus, for example, hydrocarbon prod-
ucts containing as many as twenty-four carbon
atoms react very slowly in boiling water but read-
ily with a weak alkaline solution. During the
stage of hydrolysis, the substituent group con-
taining oxygen, sulphur and chlorine is modified
in such manner that the reaction product be-
comes partially if not wholly, soluble, a condi-
tion extremely favorable for the removal of the
substituted chlorine atoms.

As the chlorine atom or atoms are removed the
product becomes water soluble, the degree of solu-
bility depending in part upon the ratio of the
size of the molecule and the number of chlorine
atoms which have been removed. .

During the reaction of the hydrocarbon. with
sulphur dioxide and chlorine, T find that it is
important to.control the temperature of the re-
action so that undesirable reactions accompanied
by discoloration do not oecur. This is particu-
larly true with compounds of the aliphatic series,
and as a specific example, the treatment of par-
affin will be used. . :

Paraffiin was heated to 90-95° C. to liquefy the
same and chlorine and sulphur dioxide gases
were bubbled through the liquid. After a gain
in weight of 20-25%, the temperature was re-
duced to between 40 and 50° C. for the remainder
of the treatment. By controlling the tempera-
ture of reaction, polymerization of the paraffin
was avoided. Experiments have shown that if
the temperature is not controlled, this treatment
of the paraffin is accompanied by rise in tem-
perature, due to the exothermic reaction, which
causes the product to assume a dark color, pos-
sibly indicating polymerization, and the resulting
product, although a substituted paraffin, is not
the same product from the standpoint of chemi-
cal structure, as the product produced by tem-
perature control.
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The substituted paraffin produced by tempera-
ture control is a moderately viscous oil, light
yellow in color, and liquid, at room temperature.
This product, from all indications, where CadHso
is representative of paraflin wax, appears to con-
tain molecules which have substituted therein one
or more sulphur containing groups and/or one or
more chlorine atoms. The number of sulphur-
containing groups and/or chlorine atoms which

are substituted therein is, of course, dependent :

upen the length of time the paraffin is treated
and it will be understood that more or less sub-
stitutions could be made varying from one to the
complete substitution product.

T prefer, however, to stop this treatment short
of complete substitution as I find that the prod-
ucts produced in this manner are readily hy-
drolyzed or saponifiled. As pointed out above, the
presence of the group containing oxygen, sulphur
and chlorine on the shorter chain hydrocarbons
renders the product quite unstable in the pres-
ence of water particularly at somewhat elevated
temperatures, while on the longer chain hydro-
carbons there is a lessening of action as the
number of carbon atoms increases. With hydro-
carbons containing as many as twenty-four car-
bon atoms, the reactive tendency has slowed
down until the chlorinated product is only slowly
hydrolyzed in boiling water but more readily
hydrolyzed with a8 weak alkaline solution.

When the substituted parafiin has been hydro-
lyzed it becomes water soluble. This is also true
of any of the aliphatic compounds which have
been substituted by my improved method. These
hydrolyzed products are soluble in water, ether,
alcohol, acids, benzene, carbon tetrachloride, car-
bon bisulphide, petroleum products and various
fats and oils. Due to their wide range of solu-
bility, they are very useful in forming emulsions
of normally incompatible substances, for example,
paraffin, asphalt, gasoline, or any of the petroleum
hydrocarbons and wa.cr, any of the vegetable
oils or glycerides and water, or ether, carbon tetra-
chloride, carbon bisulphide, etc. and water. For
the above reasons also they are very useful as
detergents, and possessing great wetting power
they are usefulin the textile, leather, paper manu-
facturing and other industries.

By careful control of the process, the reaction
may be kept to a state such that the end product
is substituted with a single group containing oxy-
gen, sulphur and chlorine.
amounts of moisture admitted, or hydrolysis by
means of a weak alkaline solution, the aforesald
sulphur containing substituent may be modified.
For example, by boiling in neutral or slightly
alkaline solution, the aforesaid sulphur contain-
ing substituent may be modified to form the true
sulphonic group: -

0
R—L_l;=o

. )
. There is some contamination of the end prod-
ucts, for example, there may be some of the
original chlorine substituted products with the:
end products produced by hydrolysis. A slight
contamination of the various products is of no
material consequence, however, as far as their
technical uses are concerned. If desired, they
can be separated from one another.

From the above, it is apparent that with the
aliphatic hydrocarbons, it is possible by my
method to form directly halogen substitutions,
sulphur containing compounds, and & mixture of
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halogen substitutions and sulphur contalning
compounds.

From the halogen substitutions, sulphur con-
taining compounds, and the mixture of halogen
substitutions and sulphur contalning com-
pounds, the following compounds may be readily
formed:—other sulphur containing compounds
such as aliphatic sulphonic acids, hydroxy com-
pounds or a combination thereof in a single hy-
drocarbon compound. .

There is apparently no limit in the size of the
molecules which will react in accordance with my
method provided they are kept in a fluid condi-
tion at the temperature of the reaction. With
the higher melting substances, an inert solvent
may be used to obtain this condition.

Those products produced in accordance with
this invention which contain a sulphonic acid
group and/or a hydroxyl group, as pointed out
above, are water soluble and are useful as sol-
vents or detergents. They also have antiseptic
properties and may also be used as insecticides.
Being water soluble they may be applied in al-
most any desired strength.

In treating fatty acids by my method, it is not
necessary to separate them from the glycerine as
the whole may be subjected to the two gases, the
various subsequent steps of processing carried
out, and the glycerine removed, if at all, whenever
it is most convenient, .

I find that my method of producing substitution
products is also applicable to animal or vegetable
fats or oils and to mineral hydrocarbons and to
those of the aromatic series.

As an example of halogenating aromatic hy-
drocarbons, chlorine and sulphur dioxide were
passed into benzene (CeHs) at room temperature,
the ratio of the gases being two for the chlorine
and one for the sulphur dioxide by volume. Ap-
proximately one-half hour after starting the gas
flow, the product of the reaction reached the
saturation point in the mother liquid and began
to crystallize out in the bottom of the containing
vessel. The product was separated from the
mother liquid by decantation, filtration or wring-
ing. .
In addition to the specific examples of treating
paraffin and benzene, cited above, T have also suc-
cessfully treated lard, olive oil, kerosene, lubri-
cating oil and others. N

I find that the reaction during the time that the
compound is being substituted is accelerated by
heat, light and pressure and by controlling any
or all of these conditions, the reaction may also
be controlled accordingly.

The term halogen as used in the specification
and claims is used to denote any of the four ele-
ments, fluorine, chlorine, bromine or iodine.
‘While I find that sulphur dioxide with any of the
halogens, and particularly with chlorine, serves
to carry out my method, these gases are selected
for their abundance in nature and their relative
small expense and ease of handling as compared
with selenium or tellurium oxides which have
chemical properties similar to sulphur dioxide and
which, I believe, may be substituted therefor. '

By “hydrocarbon-containing compounds” in
the specification and claims I mean not only pure
hydrocarbons and mixtures thereof, but also hy-
drocarbon derivatives such as fatty acids, animal

~ and vegetable fats and oils and mixtures thereof.

What X claim is:

1. The method of forming substitution products
containing an atom selected from the group con-
sisting of sulphur, selenlum and tellurium, and
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oxygen and a halogen from hydrocarbon-con-
taining compounds which. comprises reacting said
compounds with a mixture of a halogen and s
dioxide of an element of the group consisting
of sulphur, selenium and tellurium.

2. The method of forming substitution products
containing sulphur, oxygen and chlorine from
hydrocarbon-containing compounds which com-
prises reacting said compounds with a gaseous
mixture of chlorine and sulphur dioxide.

3. The method of forming substitution prod-
ucts containing sulphur, oxygen and chlorine
which comprises reacting a saturated hydrocar-

bon-containing compound with chlorine and sul-

phur dioxide,

4. The method of forming substitution prod-
ucts containing sulphur, oxygen and chlorine
which comprises reacting a saturated aliphatic
hydrocarbon with sulphur dioxide and chlorine.

5. The method of forming substitution prod-
ucts which comprises reacting a saturated ali-
phatic hydrocarbon with sulphur dioxide and
chlorine to form a product containing sulphur,
oxygen and chlorine and hydrolyzing the reaction
product.

6. The method of forming substitution prod-
ucts from hydrocarbons which comprises react-
ing 3aid compounds with a gaseous mixture of
chlorine and sulphur dioxide, saponifying the re-
sulting products and recovering therefrom a mix-

ture containing an appreciable amount of the '

so-produced saponified materials.

7. The method of forming substitution prod-
ucts from fatty acids of the type obtained from
animal and vegetable fats and oils which com-
prises reacting said compounds with a gaseous
mixture of chlorine and sulphur dioxide, saponi-
fying the resulting products and recovering there-
from a mixture containing an appreciable amount
of the so-produced saponified materials.

8. The method of forming substitution prod-
ucts from animal and vegetable fats and oils
which comprises reacting sald compounds with a
gaseous mixture of chlorine and sulphur dioxide,
saponifying the resulting products and recover-
ing therefrom a mixture containing an appreci-
able amount of the so-produced saponified mate-
rials.

9. The method of forming intermediates com-
prising substitution products containing oxygen,
sulphur and chlorine from hydrocarbons which
comprises passing simultaneously into a normally
liquid aliphatic saturated hydrocarbon gaseous
chlorine and sulphur dioxide, under the influence
of light,

10: The method of forming substitution prod-
ucts from hydrocarbons which comprises passing
simultaneously into a normally liquid aliphatic
saturated hydrocarbon gaseous chlorine and sul-
phur dioxide, saponifying the resulting products
which contain oxygen, sulphur. and chlorine and
recovering therefrom a mixture containing an
appreciable amount of the so-produced saponified
materials.

11. The method of forming substitution prod-
ucts from hydrocarbons which comprises react-
ing, under the influence of light, iquid saturated
aliphatic hydrocarbons with a gaseous mixture of
chlorine and sulphur dioxide, saponifying the re-
sulting products and recovering therefrom a mix-

3

ture containing an apprectable amount of the
so-produced saponified materials.

12. The method of forming an intermediate
comprising a substitution product containing oxy-
gen, sulphur and chlorine from hydrocarbons
which comprises rendering fluid a mixture of long
chain saturated aliphatic hydrocarbons and re-
acting therewith said hydrocarbons a gaseous
mixture of chlorine and sulphur dioxide.

13. The method of forming substitution prod-
ucts having detergent properties from hydrocar-
bons which comprises rendering fluid a mixture
of long chain saturated aliphatic hydrocarbons
and passing simultaneously into said hydrocar-
bons gaseous chlorine and sulphur dioxide, then
saponifying the resulting products and separat-
ing therefrom a mixture containing an appreci-
able amount of the so-produced saponified mate-
rials.

14. The method of forming surface active sub-
stitution products from hydrocarbons which com-
prises rendering fluid a mixture of saturated ali-
phatic hydrocarbons falling in the range of mo-
lecular weight of the hydrocarbons present in
kerosene, lubricating oil and parafiin wax, intro-
ducing into said hydrocarbons in the presence of
light a gaseous mixture of chlorine and sulphur
dioxide, saponifying the resulting products and

(43
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obtaining therefrom a mixture consisting sub- -

stantially of the so-produced saponified materials.

15. Products obtained in accordance with the
method described in claim 1. :
" 16. Products obtained in accordance
method described in claim 2.

17. Products obtained in accordance
method described in claim 6.

18. Products obtained in accordance
method described in claim 7.

19. Products obtained in accordance
method described in claim 8.

20. Products obtained in accordance
method described in claim 9.

21. Products obtained in accordance
method described in claim 10,

22. Products obtained in accordance
method described in claim 11.

23. Products obtained in accordance
method described in claim 12,

~ 24. Products obtained in accordance
method described in claim 13.

25. Products obtained in accordance
method described in claim 14.

26. The method of forming surface active sub-
stitution products from hydrocarbons which com-
prises reacting a non-gaseous saturated aliphatic
hydrocarbon in the liquid state simultaneously
with chlorine and sulphur dioxide, and hydrolyz-

with the
with the

with the
‘with the
with the
with the
with the

"ing the resulting products with an aqueous liquid.

27. Products obtained in accordance with the
process of claim 26.

28. The method of forming surface a.ctlve sub-
stitution products from hydrocarbons which com-
prises reacting a non-gaseous saturated aliphatic
hydrocarbon in the liquid state simultaneously
with gaseous chlorine and gaseous sulphur diox-
ide, and hydrolyzing the resulting products with
an aqueous alkaline liquid. i

29. The products obtained in accordance with
the method described in claim 28.

CORTES F. REED.
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