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This invention relates to a method for the 
preparation of alkyl esters of alkylated and sul 
phonated aromatic bodies. 

It is an object of the invention to provide a 
novel method for the production of esterified, 
alkylated and sulphonated aromatic bodies by 
the direct union of olefins therewith. 
Another object is to provide a novel method for 

the Sulphonation, alkylation and esterification 
of aromatic hydrocarbons by a single reaction. 
A further object is to provide a novel method 

for the alkylation and esterification of sulpho 
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nated aromatic bodies by the direct union of 
olefins thereWith. 
A further object is to provide a method where 

by a Sulphonated aromatic body may be first 
alkylated by direct union with an olefin and there 
after esterified if desired by direct union with 
the same or a different olefin. 
The invention may be employed for the pro 

duction of derivatives of a variety of aromatic 
hydrocarbons including for example polycyclic 
bodies such as naphthalene and anthracene and 
monocyclic bodies Such as benzene and toluene. 
The alkyl groups which it is desired to introduce 
into the aromatic nucleus and to combine with 
the Sulphonic group are provided by using the 
proper olefin or mixture of olefins such as pro 
pylene, amylene, etc., or mixtures thereof. These 
olefins may be employed in the pure state, either 
separately or as mixtures of pure olefins as may 
be desirable, or olefin-bearing gases from any 
Suitable source may be employed provided no 
large amount of aromatic bodies is present. For 
example, pressure still gas from oil refineries and 
cracked gasoline contain large amounts of ole 
fins and can be employed in the process as start 
ing materials. 
Where the starting material is naphthalene or 

other aromatic body the process may be carried 
out in such a manner as to include sulphonation 
together with alkylation of the aromatic nucleus. 
and if desired by esterification, and in most cases 
it will be preferred to carry out these reactions 
in a single step, although a plurality of separate 
steps may be employed if desired. Where the 
Sulfonic acid is readily available as a starting 
material, however, the sulphonation is unneces 
Sary. If desired, the process may stop with the 
alkylation of the aromatic nucleus so as to pro 
vide an alkylated Sulphonic acid, or it may be 
carried further to include esterification of the 
acid, or in Some instances the reaction may be 
so carried out that the acid is only partly esteri 

(C. 260-99.10) 
fied, the procedure depending on whether the 
uses to Which the product is to be put are such 
that the acid or the ester or both are suitable. 

Generally it will be suitable that the alkyl 
group or groups which are introduced in the 5 
aromatic nucleus be the same as the group or 
groups which combine with the sulphonic acid 
group, and in such cases it will be desirable in 
the interest of simplicity and economy to carry 
Out the entire process in a single reaction, using 10 

- Only one olefin or mixture of olefins or olefin 
bearing material. When mixtures of olefins are ' 
employed the reaction product may vary both as 
to the alkyl groups which are introduced in the 
nucleus and as to those combined with the sul- 15 
phonic acid group. However, if desired, the 
process may be carried out in steps in such a way 
that the alkylation of the aromatic nucleus is 
separate from the esterification, so that par 
ticular olefins or different olefins can be em- 20 
ployed in the separate steps. 

In general, the procedure consists in prepar 
ing a mixture of the desired aromatic hydrocar 
bon, sulphuric acid at least sufficient to sulpho 
nate the hydrocarbon and produce the desired 2 
Sulphonic acid, preferably a quantity of an inert 
Solvent for the hydrocarbon and olefin such as 
a light fraction of gasoline or some previously 
prepared ester, and the olefin or mixture of ole 
fins which it is desired to react. When these 80 
reagents are brought together, a vigorous reac 
tion takes place with evolution of heat, and when 
the absorption of the olefin ceases it is found that 
sulphonation, alkylation of the nucleus and ester 
ification have all taken place. The resulting 35 
product comprises principally alkyl esters of al 
kylated aromatic sulphonic acids, but may also 
contain a certain quantity of alkylated hydro 
carbon which was not sulphonated. For some 40 
purposes, however, the presence of some alkylat 
ed but non-sulphonated hydrocarbon is not ob 
jectionable. 
In case quantities of a suitable aromatic sul 

phonic acid are readily available as a starting 
material, the reaction may be carried out in sub 
stantially the same way except that sulphuric 
acid is unnecessary in order to carry out the 
sulphonation described above. In this case the 
sulphonic acid is preferably mixed with a quantity 50 
of the solvent and reacted with the desired olefin 
or mixture of olefins as hereinafter described, 
with formation of alkyl esters of the alkylated 
and sulphonated aromatic hydrocarbons, 
The conditions under which the reaction takes sis 
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2 
place are subject to considerable variation. In 
general, the mixture should be agitated during 
the reaction in order to insure thorough mixing 
of the reagents. The olefin may be added in any 
suitable manner, either as a gas or liquid depend 
ing on the specific olefin or olefins employed and 
the temperatures used for the reaction. It has 
been found that excess Sulphuric acid acts as a 
carrier or catalyst and accelerates the reaction 
So that it may be carried out at room tempera 
tures. Hence it is desirable in many cases to emi 
ploy an excess of Sulphuric acid over that re 
quired for sulphonation, or when sulphonic acid 
is available as a starting material, to add a small 
quantity of Sulphuric acid for this purpose. The 
use of Sulphuric acid as a catalyst is unneces 
Sary, however, if a temperature of 80 C. to 120° C. 
is maintained during the reaction, as under these 
conditions the alkylation proceeds substantially 
to completion and then is followed by esterifica 
tion. The reaction in the case of mono-cyclic 
aromatic bodies is somewhat slower than with 
polycyclic bodies and hence it is desirable when 
treating mono-cyclic bodies to take advantage of 
the ascelerating action of sulphuric acid as well 
as to raise the temperature somewhat, say to 
50° C. 
A wide variety of solvents may be employed, 

provided they are inert with respect to the 
desired reaction. The action of the solvent is 
probably physical, the olefin being dissolved as 
well as the aromatic hydrocarbon or sulphonic 
acid and the contact between the reagents being 
thus improved. A quantity of alkylated ester 
from a preceding operation may be employed as 
these esters are good solvents for the sulphonic 
acids and for the aromatic hydrocarbons. Other 
Solvents such as a light fraction of gasoline may 
also be used. The amount of solvent employed 
is not critical and may vary widely. 
The reaction product, in addition to the esters 

referred to above, may contain some sulphonic 
acid which has not been esterified, as well as sul 
phuric acid and a quantity of water produced by 
the Sulphonation reaction. The mixture is 
washed with water to remove any excess free acid, 
and the gasoline or other solvent may be sepa 
rated from the mixture in any suitable way as 
by distillation. 
The amount of olefin to be employed may vary 

considerably depending upon the extent to which 
the alkylation and esterification reactions are to 
be carried. As stated above, it has been found 
that the alkylation of the aromatic nucleus large 
ly precedes the esterification of the sulphonic 
group. Hence by observing the acidity of the re 
action mixture as the reaction proceeds, the 
progress of the reaction can be followed and the 
process may be controlled as to the results pro 
duced. For example, when it is observed that the 
acidity of the mixture has disappeared, the al 
kylation and esterification reactions have been 
Substantially completed, unless excess sulphuric 
acid is used as a carrier or catalyst. In the latter 
case, the reaction will be substantially complete 
when the acidity of the mixture has been de 
creased to the point corresponding to that por 
tion of the original acidity supplied by the excess 
Sulphuric acid. If mixtures of acids and esters 
are desired, the reaction may be stopped before 
proceeding to this point. 

Further, since as stated above, the alkylation 
reaction takes place before esterification, the 
completion of alkylation is substantially indi 
cated by the point at which the acidity of the re 

2,017,808 
action mixture begins to decrease. If the addi 
tion of olefin is stopped at this point, the result 
ing product will comprise Substantially Only al 
kylated Sulphonic acid without esterification. 
These acids, as distinguished from their esters, 5 
may be desirable for certain purposes. A further 
step may then be carried out if it is desired to in 
troduce one or more alkyl groups in the nucleus 
and a different group or groups in the sulphonic 
acid group. In this case the desired olefin is in- 10 
troduced until the alkylation is completed as in 
dicated by the initial decrease in the acidity of 
the reaction mixture. The treatment with olefin 
is then discontinued and the alkylated sulphonic 
acid recovered from the mixture and thereafter 5 
converted to an ester by treatment with another 
olefin. - 

As an example of the process, 300 grams of 
naphthalene was added to 1000 cc. of a light gaso 
line fraction and 300 grams of sulphuric acid (spe- 20 
cific gravity 1.84). This mixture was agitated with 
addition of propylene gas until 480 grams of 
propylene had been absorbed. The reaction was 
vigorous with much evolution of heat, and the 
reaction product consisted of a mixture of propy- 25 
lated naphthalene sulphonic acids and their es 
ters and a certain amount of naphthalene which 
has been propylated but not Sulphonated, to 
gether with excess Sulphuric acid, gasoline and 
Water produced by the Sulphonation reaction. 30 
This mixture was washed with Water for the re 
moval of the excess sulphuric acid and then dis 
tilled to distill off the gasoline. 
In another example, 300 grams of naphthalene 

sulphonic acid was agitated at room temperature 35 
with 200 cc. of a light gasoline fraction and 40 
grams of concentrated sulphuric acid (specific 
gravity 1.84) at room temperature and propylene 
gas was added until the total acidity of the mix 
ture corresponded to that portion of the original 40 
acidity Supplied by the Sulphuric acid. The heav 
ier acid layer was largely dissolved by the gaso 
line as the reaction proceeded. The mixture was 
washed with water for removal of free acid and 
the gasoline was distilled off, leaving a mixture 45 
of esters consisting largely of isopropyl di-iso 
propyl naphthalene Sulphonate. The product 
was a light brown viscous oil somewhat heavier 
than water. 

In a variation of the second example stated 50 
above, the treatment with propylene was dis 
continued as soon as the acidity of the mixture 
began to decrease, and the mixture was then 
treated with water and the propylated sulphonic 
acid recovered from the water layer. This pro- 55 
pylated naphthalene sulphonic acid was then 
Converted to an amyl ester by treatment with 
amylene in a similar manner. During the first 
step a Small amount of isopropyl ester was 
formed, which was recovered from the gasoline 60 
layer. - 

It will be observed that the method described 
above can be used to produce either the alkylated 
acids or the esters of those acids. Thus with 
naphthalene sulphonic acid and propylene there 65 
may be obtained the isopropyl esters of mono, di, 
tri, etc., isopropyl naphthalene sulphonic acids, 
or if desired the unesterified acids, Similarly, 
With amylene and naphthalene sulphonic acid, 
there may be obtained the amyl esters of a se- 70 
ries of amyl Sulphonic acids, or the acids them 
Selves, and with mixed olefins there may be ob 
tained mixtures in which the alkyl groups vary, 
both those attached to the sulphonic group and 
those attached to the naphthalene or other aro 
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matic nucleus. Also, by exercising proper con 
trol, the nucleus may be alkylated with One Ole 
fin, for instance amylene, and thereafter the 
alkylated acid may be esterified with another 
olefin, for instance propylene. The method as 
first described above provides a very simple way 
of forming the desired final products directly 
from the aromatic hydrocarbon and the olefin in 
a single step. However, if sulphonic acid is avail 
able, it may be employed as a starting material 
if desired according to the procedure indicated. 
The use of the solvent renders the Sulphonic acid 
more mobile and also aids the reaction in the 
case of gaseous olefins by dissolving the olefin and 
thus improving its contact with the acid. 

It will be understood that the invention is not 
limited to the specific examples given above and 
that changes may be made in the starting mate 
rials, their proportions, and details of the pro 
cedure without departing from the spirit of the 
invention. Thus the olefin and the aromatic 
body to be used may vary depending On the ma 
terials available and the uses to which the prod 
uct is to be put, and the proportions of the ma 
terials may likewise be varied as will be appar 
ent to those skilled in the art. Furthermore, the 
starting materials are not limited to the simple 
aromatic hydrocarbons mentioned above, but in 
clude also substituted derivatives such as phenols, 
chlorinated and nitrated compounds, etc. These 
derivatives may be alkylated, sulphonated and 
esterified in the manner described above to pro 
duce a variety of products, such as alkylated 
alkoxylated-Sulphonate esters from phenols, 
chlorinated alkylated Sulphonate esters from chlo 
rinated compounds, etc. Reference will there 
fore be had to the appended claims for a defini 
tion of the limits of the invention, and the term 
"aromatic bodies' as used in said claims will be 
understood as including substituted derivatives 
as well as simple aromatic hydrocarbons. 
What is claimed is: 
1. A process for producing alkylated sulphonat 

ed and esterified aromatic bodies which consists 
in reacting an aromatic body with a sulphonat 
ing agent and an olefin in the presence of an in 
ert Solvent for said aromatic body and olefin 
to sulphonate and alkylate said aromatic body 
and continuing the treatment with olefin to es 
terify the Sulphonic acid group. 

2. A process for producing alkylated Sulpho 
nated and esterified aromatic bodies which con 
sists in reacting an aromatic body with Sulphuric 
acid and an olefln to sulphonate and alkylate the 
aromatic nucleus and continuing the treatment 
with olefin to alkylate the sulphonic acid group. 

3. A process for producing alkylated sulpho 
nated and esterified aromatic bodies which con 
sists in reacting an aromatic body with sulphuric 
acid and an olefin to Sulphonate and alkylate the 
aromatic nucleus and continuing the treatment 
with olefin to alkylate the sulphonic acid group, 
the Sulphuric acid being in excess of the amount 
required to produce the mono-Sulphonic acid. 

4. A process which consists in reacting an aro 
matic body With Sulphuric acid and an olefin to 
sulphonate and alkylate the aromatic nucleus and 
continuing the treatment with olefin to alkylate 
the sulphonic acid group, in the presence of an 
inert solvent for the aromatic body and olefin, 

3 
whereby a mixture of alkylated Sulphonated and . 
esterified aromatic bodies and alkylated but non 
sulphonated bodies is produced. 

5. A process. for producing alkylated sul 
phonated and esterified aromatic bodies which 5 
consists in reacting an aromatic body with Sul 
phuric acid in excess of the amount required to 
produce the mono-Sulphonic acid and with an ole 
fin in the presence of an inert solvent for the olefin 
and aromatic body, and continuing the olefin lo 
treatment to alkylate the aromatic nucleus and to 
esterify the Sulphonic acid group. 

6. A process for sulphonating alkylating and 
esterifying an aromatic body in a single operation 
which consists in mixing an aromatic body with 15 
an inert solvent and sulphuric acid in excess of the 
amount required to produce mono-sulphonic acid 
and then adding an olefin to said mixture, where 
by the aromatic nucleus is sulphonated and alky 
lated, and continuing the treatment with olefin 20 
until the sulphonic acid group is esterified. - 

7. A process for producing alkylated Sul 
phonated and esterified aromatic bodies which 
consists in reacting an aromatic sulphonic acid 
with an olefin in the presence of an inert solvent 25 
and in the absence of other acids and at a tem 
perature of the order of 80 C. to 120° C. 

8. A process for producing alkylated sul 
phonated and esterified aromatic bodies which 
consists in reacting an aromatic sulphonic acid 30 
with an olefin in the presence of sulphuric acid 
to alkylate the aromatic nucleus and continuing 
the treatment with olefin to esterify the acid. 

9. A process for producing alkylated sul 
phonated and esterified aromatic bodies which 35 
consists in reacting an aromatic sulphonic acid 
with an olefin in the presence of an inert Solvent 
and sulphuric acid to alkylate the aromatic 
nucleus and continuing the olefin treatment to 
esterify the sulfonic acid group. 

10. A process for producing alkylated Sul 
phonated and esterified aromatic bodies which 
consists in sulphonating an aromatic body and re 
acting the sulphonated body with an olefin to al 
kylate the aromatic nucleus, then stopping the 45 
reaction and further reacting the sulphonated and 
alkylated body with a different olefin to esterify 
the Sulphonic acid group. 

11. The process which consists in reacting a 
sulphonated aromatic body with excess sulphuric 50 
acid and an olefinic material in the presence of 
an inert solvent for said aromatic body and ole 
finic material to alkylate the aromatic nucleus and 
continuing the olefin treatment to esterify the 
sulphonic acid group. 55 

12. The process which consists in reacting an 
aromatic body with sulphuric acid in excess of 
the amount required to produce the mono-sul 
phonic acid and with an olefinic material in the 
presence of an inert solvent for said aromatic body 60 
and olefinic material to alkylate the aromatic 
nucleus and continuing the olefin treatment to 
esterify the sulphonic acid group. 

13. The process which consists in reacting a 
sulphonated aromatic body with an olefinic ma- 65 
terial in the presence of an inert solvent for said 
body and material and in the absence of other 
free acid while maintaining a reaction tempera 
ture of the order of 80 C. to 120° C. 
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