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Marcus A. Naylor, Jr., Bloomfield, N.J., assignor 
to E. I. duPont de Nemours and Company, Wi 
nington, Del, a corporation of Delaware 

This invention relates to the preparation of 
'aromatic carboxylic acid amides from aromatic 
hydrocarbons under the conditions of the Will 
gerodt reaction. 

In 1887 Willigerodt discovered that arylalkyl 
ketones react at high temperatures and under 
pressure with yellow ammonium polysulfide to 
form crystalline nitrogenous materials. The foll 
ilowing year he reported that these products were 
tamides of the aryl-substituted aliphatic acids 
containing the same number of carbon atoms as 
the starting ketones, accompanied by the an 
monium salts Of these acids. In Subsequent 
years Willigerodt extended the reaction to a large 
number of different aryl alkyl ketones. Since 
that time the Willgerodt reaction has been ap 
plied to a large number of other organic con 
pounds, and up to the present time the follow 
ing types of compounds are known to react un 
der the conditions of the Willgerodt reaction to 
give carboxylic acids and derivatives thereof hav 
ing the same number of carbon atoms as the cor 
ganic compound from which they are formed: 
dialkyl ketones, aralkyl alkyl ketones, cycloalkyl 
ketones, allicyclic ketones, aliphatic alcohols, ali 
phatic organic halides, aldehydes, thioaldehydes, 
olefins, aliphatic and aromatic substituted sole 
fins, acetylenes and saliphatic and aromatic Sub 
stituted acetylenes. 
An object of the present invention is to ex 

tend the Wilgerodt reaction to aromatic hydro 
carbons. A further object of the present inven 
tionis to provide a method of preparing aromatic 
carboxylic amides from arolinatic hydrocarbons. 
Other objects will be apparent from the descrip 
tion of the invention given hereinafter. 
The above objects are accomplished accord 

ing to the present invention by heating together 
a monocyclic aromatic hydrocarbon having at 
least one hydrogen atom of the aromatic ring 
replaced with an alkyl radical, the alkyl radical 
having at least one hydrogen atom attached 
to the carbon atom alpha to said aromatic ring, 
with a mixture comprising essentially sulfur and 
ammonia at a temperature between 180° C. and 
340°C. 
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More specifically, the present invention.com - 
prises heating together an aromatic hydrocarbon 
having the formula C6HRy, wherein R is an 
alkyl radical, the alkyl radical having at least 
one hydrocarbon atom attached to the carbon 
atom alpha to the aromatic ring, ac is an integer 
ranging from 3 to 5, and y is an integer ranging 
from 1-to.3, with a mixture-comprising essential 
ly sulfur and ammonia at-a-temperature between 
180° C. and 340°C. 
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Claims. (CI. 260-558) 
2 

In the preferred and still more specific form 
the present invention comprises heating together 
an aromatic hydrocarbon having the formula, 
C6H5R, wherein R is an alkyl radical having no 
more than 4. Carbon atoms, the alkyl radical have 
ing at least one hydrogen atom attached to 
the carbon aton alpha to the aromatic ring, with 
a mixture comprising essentially sulfur and aque 
Ous ammonia, at a temperature between 240° C. 
and 300° C. 
The present invention resides primarily in the 

discovery that aromatic hydrocarbons as char 
acterized above will react under the conditions of 
the Willgerodt reaction to give aromatic carboxy 
lic acid amides. Heretofore, certain unsaturated 
aromatic hydrocarbons had been converted to 
Corresponding amides but it was not known that 
the herein considered aromatic hydrocarbons 
could be converted in this manner and, thus, a 
practical method of obtaining certain aromatic 
acid amides has been provided where such amides 
could only be prepared with great difficulty, if 
at all, heretofore. 
The conditions, in general, of the Willgerodt 

reaction are known and are applicable in the 
present invention except that the temperature 
range herein specified should be observed. That 
is, the reaction is normally conducted in a closed 
container under autogenous pressure to prevent 
loss of volatiles. It may be run under anhydrous 
conditions or in the presence of water. Original 
ly, Willgerodt used yellow ammonium polysulfide 
but it has since been found that a mixture of 
ammonia, and sulfur can be used regardless of 
whether it is ammonium polysulfide or, literally, 
simply a mixture of sulfur with ammonia. It 
is practical and expedient to use as the Willigerodt 
reagent simply powdered sulfur added to am. 
monia, either adueous or anhydrous, although 
it is to be understood that in defining the reagent 
herein as comprising essentially Sulfur and am 
monia, the polysulfide form of the Willgerodt 
reagent is included, the present invention in its 
broader phase not being concerned with specific 
variations of the Willigerodt reagent. 
The following examples in which all parts ar. 

given by weight unless otherwise specified, illus 
trate specific embodiments of the invention. 

Eacample I 
... The following reaction was carried out in a 
stainless steel hydrogenation bomb equipped with 
iron gaskets. Agitation of the bomb was ac 
complished by placing the bomb in a rocker as 
sembly equipped with band heaters. . . - 
A mixture of 46 parts of toluene (0.5 mol), 64 
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parts of sulfur (2 mols), and 135 parts of con 
centrated aqueous annonia (28% ammonia.) 
(2.22 mols) was introduced into the bomb and 
the mixture was agitated for a period of about 
four hours at 270° C. The initial pressure WaS 
about 1300 lbs./sq. in. and rose to about 1500 
lbs./sq. in. About 20 parts of toluene remained 
unreacted as an upper layer When the bomb Was 
opened. 
The toluene layer was evaporated to dryneSS 

giving a residue of sulfur and amide. Extrac 
tion with water removed 3.9 parts of the amide. 
The above amide product was combined with 5 
parts of amide filtered from the cooled aqueous 
layer. After several recrystallizations from Wal 
ter and benzene, the amide product Was iden 

O 
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tified as benzamide having a melting point of 
1250 C. 

Encample II 
The following reaction was carried out in 

the same type of bomb used in Example I. 
A mixture of 60 parts cumene (isopropyl 

benzene) (0.5 mol), 64 parts of Sulfur (2.0 mols), 
and 135 parts of concentrated aqueous annonia 
(2.22 mols) was introduced into the bomb and 
the mixture was agitated for a period of tWO 
hours at 270° C. The initial pressure Was about 
1700 lbs./sq. in. and the final pressure was about 
3500 lbs./sq. in. When the bomb was opened, a 
small amount of unreacted cumene was obtained 
as an upper layer in the product. Crude amide 
was isolated by filtration from the reaction mix 
ture. 

Recrystallization from benzene gave a white 
solid with a broad melting range. The sample 
was recrystallized several more times from 
benzene, and the Solid obtained Was then re 
crystallized twice from Water and was found 
to have the following melting point and analysis: 

ESE Benzamide 

Melting Point (C.)------------------ 2-26.5 25-30 
Percent Carbon----------------------- 68.92-69,26 69,35 
Percent Hydrogen.-------------------- 6.08-19 5.82 
Percent Nitrogen.---------------------- 160-70 155 

The benzene filtrates from the above recryS 
tallizations yielded a more soluble. Solid which 
had the following melting point and analysis: 

Reaction PhenylAcet- Stig 
Product aride Acetamide 

Melting Point ( C.)--- 71-74 156-57 9-92 
Percent Carbon-------- 70, 60-70.73 7.2 2.4 
Percent Hydrogen.------ 7.3-7.24 6.67 7.42 

These results suggested that this portion of 
the reaction product was composed of phenyl 
acetamide and methyl phenyl acetamide. 
Since the isolation of benzamide above Sug 

gested rather drastic degradation of cumene, the 
above reaction was repeated except that it was 
carried out for a period of one hour at 245 C. 
The initial pressure of about 1200 lbs./sq. in. 
increased to about 1500 lbs./sq. in. at the end 
of the cycle. 
bled from the bomb. Unreacted cumene in the 
upper layer was separated and evaporated to 
dryness. The solid residue obtained was com 
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Very little hydrogen sulfide was 
70 

bined with the solid which was filtered from the 
cooled lower layer. Recrystallization from ben 
zene and treatment with charcoal gave a White 5 

4. 
Solid with a broad melting range of 110-128 C. 
Fractional crystallization from the benzene Sep 
arated the following two materials: 

More Methyl 
G.E. pod. Acetamide 

Melting Point (C.)----------------------- 94 92-93 
Percent Nitrogen-------------------------- 9.57 9.4 

Less Soluble Phenyl 
Reaction Acetamide 
Product 

Melting Point (C.)----------------------- 53-54 156-15 
Percent Nitrogen.------------------------- 0.5 10.38 

The above results Suggest a cleavage of carbon 
to carbon bonds during the course of the reaction 
period. Literature dealing With the mechanism 
of the Willgerodt reaction makes a point of the 
fact that the Subject reaction never rearranges or 
alters the carbon skeleton. However, prior to 
the present invention the Subject aromatic hy 
drocarbons had not been Subjected to the condi 
tions of the Willigerodt reaction. Whether the 
carbon to carbon cleavage to give the above 
products Occurs by a StepWise mechanism or 
results from the formation of Several different 
intermediates is not known. One possible mecha 
nism for the preceding series of products may be 
as given in the following equations. It is to be 
understood that this approach is purely theoretic 
cal and does not alter the facts presented herein. 

CE CONH2 
hydrolysis 

CCH - CESCE sea--> - CHCH2CH3 ch decarboxylation 
3 H 

Cunaene Methyl phenyl Ethylbenzene 
acetanide 

hydrolysis 
CoE CONH2 - CEIs CH (- - CHs CHCONE decarboxyl 
Benzanide Tollene ation Phenyl acetamide 

From the results obtained in this example it 
is evident that the ratios of the yields of the 
products obtained can be altered by varying the 
reaction conditions and the proportions of the 
reactants. Experience has shown that when a 
greater proportion of the aromatic hydrocarbon 
is used, more of the amide of the original starting 
material is formed and lesser amounts of the 
degradation products are obtained. 

Eacample III 
The following reaction was carried out in the 

Same type of bomb used in Example I. 
A mixture of 53 parts of ethylbenzene (0.5 mol), 

64 parts of Sulfur (2 mols), and 135 parts of 
concentrated aqueous ammonia (2.22 mols) was 
introduced into the bomb, and the mixture was 
agitated for a period of two hours at 260° C. 
The initial pressure of about 1700 lbs./sq.in. went 
to about 3300 lbs./sq. in. at the end of the 
reaction. The Solid which crystallized on cooling 
the bomb was recrystallized and decolorized from 
Water. Fractional crystallization from benzene 
Separated tWO Solid materials which were identi 
fied as in Example II, as phenyl acetamide and 
benzanide. - - 

Eacample IV 

The following reaction was carried out in the 
same type of bomb used in Example I. 
A mixture of 26 parts of p-xylene (0.5 mol), 
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364 parts...of sulfur (2 mols), and 135 parts of 
Concentrated aqueous ammonia (2:22:mols). Was 
introduced into the bomb, and the mixture was 
agitated for a period of .2% hours at 260° C. 
"The Solid which formed on cooling the bomb was 
Separted from the liquors by filtration. . . . 
The solid obtained was amorphous, light yellow 

and in Soluble in boiling Water. It was dried over 
spotassium hydroxide and then. Over:Sulfuric acid. 
The material was extracted three times withhot 
Water, and six times. With carbon disulfide (to 

5 

IO 

remove:sulfur). The resulting product was iden 
tified asterephthalamidehaving a melting point 
above 260° C. and having a nitrogenianalysis of 

s: The filtrate from the bomb was evaporated to 
dryness to remove ammonium:sulfide, and the 
solid residue was extracted with hot water. The 
yellow, amorphous Solid left after this.treatment 
was tentatively identified as a mixture of p 
methylbenzanide and benzamide. . 

It is to be understood that the foregoing ex 
amples are merely illustrated and the present 
invention broadly comprises heating together, a 
monocyclic aromatic hydrocarbon having at least 
one hydrogen atom of the aromatic ring replaced 
With an alkyl radical, the alkyl radical having at 
least one hydrogen atom attached to the carbon 
atom alpha, to said aromatic ring, with the Will 
gerodt reagent, i.e., a mixture comprising essen 
tially sulfur and ammonia, at a temperature be 
tween 180° C. and 340°C. 
When applied to the aromatic hydrocarbons of 

the present invention, the Willigerodt reaction 
may be carried out under substantially anhydrous 3. 
conditions or in the presence of water. When 
substantially anhydrous conditions prevail, the 
carboxylic acid derivative resulting is a thioamide. 
These thioamides contain the group -CSNH2. 
When Water is present, the corresponding Oxy 
amide is obtained containing the group -CONH2. 
Depending upon the end product desired, the 

reaction may be carried out in the presence of 
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6 
the grouping -COONH4; amides 3 of carboxylic 
acids, having the grouping --CONH2; thioamides, 
having the grouping --CSNH2; thioacids having 
the grouping --CSSH; and salts of thioacids hav 
ring the grouping CSSNH4. - 

. As mentioned, the thioamides are formed 'i 
anhydrous Systems, and may be hydrolyzed to 
amides of carboxylic acids or to carboxylic acids 
if desired. Furthermore, as illustrated in Ex 
ample II, the particular reaction conditions 
usually determine the ratio of the yields of par 
ticular amides or other, carboxylic acid deriya 
tives. For example, as the number of carbon 
atoms in the alkyl side chain of the subject aro 
matic hydrocarbons increases, lower temperatures 
should be employed to obtain aromatic carboxylic 
acid amides having the same number of carbon 
atoms as the particular starting material. i. As 
the reaction temperature is increased, the severity 
of degradation of the starting material increases 
and cleavage of carbon to carbon bonds will occur. 
Hence, the reaction temperature selected in any 
given case will be dependent upon the particular 
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inert solvents either in the presence of water or 
under substantially anhydrous conditions. The 
use of a suitable solvent such as dioxane, pyridine 
or benzene may facilitate separation of the de 
sired end product from the reaction liquors. 
Furthermore, such inert solvents may be used to 
render complex mixtures of reactants honogen 
eous and reduce the total vapor pressure of the 
heated reaction mass. 

In addition to the aromatic hydrocarbons dis 
closed in the foregoing examples, the following 
specific hydrocarbons may be reacted according 
to the process of the present invention to produce 
various derivatives of aromatic carboxylic acids, 
particularly aromatic carboxylic acid amides and 
thioamides. Included among Such aromatic hy 
drocarbons are (o, m, p-) xylene, triethyl benzene 
(sym. or unsym), mesitylene, cymene, n-butyl 
benzene, isobutyl benzene secondary butyl ben 
Zene, hexamethylbenzene, and pentamethylben 
Zene. All of these aromatic hydrocarbons are 
monocyclic aromatic hydrocarbons having at least 
one hydrogen atom of the aromatic ring replaced 
with an alkyl radical, any remaining Valences of 
the aromatic ring being satisfied by hydrogen and 
the alkyl radical having at least one hydrogen 
atom attached to the carbon aton alpha to the 
aromatic ring. 
The products resulting from treating the here 

in described type of aromatic hydrocarbon ac 
cording to the present process may be One or more 
of the following: salts of carboxylic acids, having 

50 

55 

60 

65 

70 

75 

Starting material and the particular productor 
the particular ratio of end products desired. Fur 
thermore, the time. Of the reaction also influences 
the ratio of the yields of end products, the longer 
the reaction time the greater the chances are 
that carbon to carbon cleavage will take place. 
Because elevated temperatures are required for 
the Willgerodt reaction, the reaction is carried 
out in a closed system to avoid loss of reactants 
or the reaction medium by Vaporization; Con 
sequently, the pressure of the System Willivary 
With the temperature of the reaction, and the 
yolatility of the reactants or the reaction medium. 
For the process of the present invention, it is 
recommended that a temperature between 180 
and 340° C. be used. A preferred temperature 
range is between 240° C. and 300° C. 
The proportion of aromatic hydrocarbon to the 

Willgerodt reagent may be varied Widely. Theo 
retically, for each mole of aromatic hydrocarbon 
there should be one mole of annonia, and three 
moles of sulfur. There is no particular advantage 
in using, more than the theoretical amount of 
ammonia, but an excess does no harm and where 
the annonia, is added in a concentrated aqueous 
solution, as in the examples, an excess may be 
added for the incidental purpose of having Suff 
cient water present to facilitate removal of the 
reaction products from the reaction vessel. In 
the case of the sulfur, an excess above the theo 
retical amount tends to increase the rate of re 
action and will preferably be used even though 
it is not necessary. 
From the foregoing, it will be appreciated that 

the proportion of Willgerodt reagent is not critical 
as the reaction will take place in the presence of 
any appreciable amount of the reagent, merely 
the rate of the reaction and the approach of the 
yield to theoretical being affected as proportions 
are varied. Further, the considerations with re 
Spect to proportions are equally applicable 
whether a mixture of Sulfur and ammonia are 
used or yellow ammonium polysulfide. Actually, 
even if annonium polysulfide is not used at the 
start, hydrogen sulfide is formed in the reaction 
and that reacts with the ammonia, to give am 
monium polysulfide. 
AS many apparently widely different embodi 

ments of this invention may be made without de 
parting from the spirit and scope thereof, it is to 
be understood that the invention is not limited to 
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the specific embodiments thereof except as 
fined in the appended claims. 
... The invention claimed is: 

1. A process for preparing aromatic carboxylic 
acid amides which comprises heating a mono 
cyclic, aromatic hydrocarbon having at least One 
hydrogen atom of the aromatic ring replaced with 
an alkyl radical, any remaining valences of said 
aromatic ring being Satisfied by hydrogen and Said 
alkyl radical having at least one hydrogen aton 
attached to the carbon aton alpha, to said aroma 
tic ring, with a mixture comprising essentially 
sulfur and ammonia, at 180° C.-340° C. 

2, Process as set-forth in claim 1 Wherein said 
aromatic hydrocarbon has the formula Csha:Ry, 
wherein R is an alkyl radical, said alkyl radical 
having at least one hydrogen atom attached to 
the carbon atom alpha to the romatic ring, a 
is an integer ranging from 3 to 5, and y is an in 
teger ranging from 1 to 3. 

3. A process as set forth in claim 1 wherein said 
aromatic hydrocarbon has the formula C6H5R, 
wherein R is an alkyl radical having no more 
than 4 carbon atons, said alkyl radical having 
at least one hydrogen atom attached to the car 
bOn atom alpha to the aromatic ring. 

4. A process for preparing aromatic carboxylic 
acid amides which comprises heating a mono 
cyclic aromatic hydrocarbon having at least one 
hydrogen atom of the aromatic ring replaced with 
an alkyl radical, any remaining Valences of Said 
aromatic ring being Satisfied hy hydrogen and 
said alkyl radical having at least one hydrogen 
aton attached to the carbon atom alpha, to said 
aromatic ring, with a mixture comprising essen 
tially sulfur and aqueous ammonia, at 240° C.- 
300° C. w 
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5. A process as set forth in claim.4 wherein said 

aromatic hydrocarbon has the formula C6HRy, 
wherein R is an alkyl radical, said alkyl radical 
having at least. One hydrogen atom attached to 
the carbon atom alpha to the aromatic ring, ac is 
an integer ranging from 3 to 5, and y is an integer 
ranging from 1 to 3. 

6. A process as set forth in claim 4 wherein 
Said aromatic hydrocarbon has the formula 
C6H5R, wherein R is an alkyl radical having no 
more than 4 carbon atoms, said alkyl radical hav 
ing at least one hydrogen atom attached to the 
carbon atom alpha, to the aromatic ring. 

7. A process for the preparation of aromatic 
carboxylic acid amides which comprises heating 
a monocyclic aromatic hydrocarbon having at 
least one hydrogen atom of the aromatic ring re 
placed with an alkyl radical and all remaining 
Valences of said ring satisfied by hydrogen and 
Said alkyl radical having at least one hydrogen 
aton attached to the carbon atom alpha, to said 
aromatic ring, with a mixture of sulfur and 
aqueous annonia at an elevated temperature 
within the range from about 260° C. to below the 
Critical temperature of water, in a closed vessel. 

MARCUSA. NAYLOR, JR. 
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