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This invention relates to quaternay anno 
nium compounds. More specifically, it relates to 
a novel series of chemical compounds composed 
essentially of a quaternary ammonium compound 
and urea. y 

Quaternary ammonium compounds are well 
known compositions of matter, ionic in nature, 
having the following structural formula: 

They have been used for example, as germicides, 
fungicides, surface-active agents, therapeutic 
agents, and the like. Their utilization has been 
handicapped, however, owing to the fact that 

...they are highly hygroscopic materials, and are 
herefore obtained as stickyor pasty semi-solid 
masses, which are difficult to measure, handl 
indstore. --- 

e have now, discovered that quaternary.am 

(1) there must be a 

talc-like, 

character in storage and underconditions of high 
humidity. They are readily produced in...con 
tant, and unvarying composition, and can-there 

may be readily.combined with other ingredients 
industing powder's, 'in aqueous solutions, or in 
emulsions. The urea, being non-ionic, does not 
interfere with the characteristic. activity of the 
quaternary, ammonium salt.(for example, surface 
activity, or fungicidal-or-germicidal character). 

30's 

organic radical containing at least five methylene. 
groups; and (2) there should not be more than 

solved. They retain their free-flowing powdery. 

forebelstandardized on apotency basis. They 

2 
-The-surface activity of the quaternary ammo 
nium compound reduces the surface tension of 
aqueous solutions of the adduct, and facilitates 
spreading, and penetration of the urea in certain 

5 applications. All of these advantages represent 
striking improvements...over the quaternary...an 
monium compounds...of the prior...art. 
One object of our invention...is to convert qua 

...ternary ammonium.compounds.into a form more 
0 readily and conveniently stored, handled, meas 

lured, and applied. Another object is to convert 
urea into...a...more effectively.utilizable form. An 
other object is to prepare, a chemical.combination 
of urea, and aquaternary ammonium-compound 

lb., having, Synergistic properties... as a nutrient, and 
an antibiotic wheni, employed in-plant Sprays. A 
afurther. object, is to separate quaternary ammo 
nium compounds into classes according to struc 

...tural configuration. Other-objects of our-inven 
20 -tion will be apparent from the description there 

of and the appended claims. 
-The preparation of our new compositions of 

matter is carried out by reacting urea, with a qua 
ternary ammonium compound of our defined 

25 class,according to methods described in the prior 
art. The quaternary, ammonium compound...is 
preferably dissolved in an organic liquid, which 
serves as a diluent to produce a solution of low 
viscosity, and the resulting, solution is contacted 
ith, urea and a urea-solvent, at a temperature 
tween abouts 0, and 60°C..preferably: between 
at:20 and 40°C., until the reaction is com 
eprdinarily between about 0.1 and 2 hours. 

The resulting reaction, product is a slurry, of the 
-desired urea adduct in the diluent liquid. The slurry, is subjected to filtration, settling and de 
gantation, centrifugation, or the like, to separate 
the adduct, and the adduct is...washed with a 

of cold-diluent liquid to remove en 
mother liquor therefrom. The washed 

n endried. - The dry.solidis.the new.com 
sition of our-invention, suitable, without fur 

ther, treatment: for the many uses to which it, is 
adapted. 

Suitable diluents for the quaternary ammo . . . . ... 
Ilium, compounds, include.nethanol, ethanol, n 
propyl alcohol, isopropyl alcohol, n-butyl alcohol, 
ethylene glycol, and the like. These solvents 
sfunction-simultaneously...to, dissolve the quater- . 

60 nary, ammonium compounds, and reduce, the vis 
cosity thereof, and to activate the urea for ad 
duct formation. - 

For complete reaction of the-quaternary.am 
monium-compound with urea, the ratio of urea 

55 to qilaternary ammonium compound should-be 
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at least one mole of urea, per methylene group 
in the straight-chain organic radicals contain 
ing more than 5 methylene groups which are at 
tached to the nitrogen atoim. When Substan 
tially pure adducts are desired, uncontaminated 
with free urea, a smaller ratio of urea, should 
be employed. 

It will be apparent that numerous variations of 
the above procedure may be employed for making 
our new compositions. The following variations 
are illustrative: 

1. The quaternary ammonium compound in 
excess is stirred at room temperature with a 
saturated solution of urea, in a urea, solvent, Such 
as a lower aliphatic (C1 to C6) alcohol. The ad 
duct that precipitates is filtered off, Washed with 
a low-boiling solvent such as acetone or ether, 
and dried. The unreacted quaternary ammoni 
um compound in the wash liquor is recycled. 

2. Theoretical proportions of urea, and the qua 
ternary ammonium compound are dissolved in a 
lower aliphatic alacohol, and the Solution is Spray 
dried. 

3. A concentiated solution (for example, 50 to 
75 percent by weight) of the quaternary ammo 
nium compound in a lower aliphatic alcohol is 
mixed with the theoretical proportion of dry 
powdered urea, the mixture is stirred until it be 
comes homogeneous, and the resulting slurry is 
dried. 

O 

20 
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4. An unSaturated alcoholic Solution of urea 
and a quaternary ammonium compound in ap 
proximately theoretical proportions is diiuted 
With an organic liquid which functions as an al 
cohol solvent and a urea-adduct antisolvent. 
The precipitated adduct is filtered off and dried. 

5. A mixture of quaternary annonium, com 
pounds is treated with urea, according to any of 
the foregoing methods, The resulting urea ad 
duct contains only our defined class of urea-re 
active quaternary aim monium compounds. These 
procedures therefore afford a method for sepa 
rating the Said class of quaternary anmonium 
compounds from other types. 
Our invention will be more fully understood 

from the following specific examples: 
Eacample I 

Ten grams of a 75 percent by weight solution 
of dimethyldilauryannonium bromide in iso 
propyl alcohol was nixed with a Saturated Soul 
tion of urea in methanol containing ten grams 
of urea, and the Yixture was agitated approxi 
mately 15 minutes at room temperature. The 
reaction mixture was then diluted with 50 milli 
liters of diethyl ether and was filtered. The solids 
were washed with an additional quantity of di 
ethyl ether and were dried in air. The resulting 
product was a fine White powder containing 5.25 
percent by weight of bromine. This corresponds 
to a ratio of one mole of the quaternary am 
monium salt to 17.6 moles of urea, or 33 percent 
by weight of quaternary ammonium salt in the 
urea, adduct. Fungicidal tests on the adduct re 
vealed that its fungicidal potency against 
Sclerotizia fructicold, Was exactly proportional 
to the content of quatternary annonium salt, the 
IAi)-50 being obtained at a concentration of 
2.8 milligrams of quaternary ammonium salt per 
liter, and MLD-95 at 5.9 milligrams per liter. 

Eacample II 
Twenty grams of a 50 percent by weight solu 

tion of benzyl dimethyllauryammonium chloride 
in isopropyl alcohol was treated as described in 
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4. 
Example I with ten grams of urea in methanol. 
The resulting white powder analyzed 4.15 per 
cent by weight chlorine, corresponding to one 
mole of ammonium salt per 8.6 moles of urea, 
or 40 percent by weight quaternary ammonium 
salt in the adduct. Consistent with this ratio, the 
fungicidal MLD-50 against Sclerotinia fructicola 
was obtained at a concentration of 1.7 milligrams 
of quaternary ammonium salt per liter, and the 
MLD-95 at 2.4 milligrams per liter. 

Eacample III 
Urea adducts were similarly prepared from the 

following quaternary ammonium compounds: 
Benzyldimethyllauryloxymethylammonium chloride. 
Benzyl dimethyllaury Ethiomethylammonium chloride. 
Lauryltrimethylammonium chloride. 
The quaternary ammonium compounds from 

which our novel compositions are derived are Sub 
stituted dimethylammonium compounds having 
the following structural formula, 

CH + 

CH-N-R X 
R 

where R and R' comprise at least one straight 
chain organic radical containing at least five 
methylene groups, where R and R' together con 
tain not more than one carbocyclic-Substituted 
aliphatic radical, said carbocyclic-substituted ali 
phatic radical containing not more than six car 
bon atoms in the ring, and where X represents an 
anion, such as halogen, sulfate, hydroxyl, or n 
acyloxy group. The said straight-chain group 
may be n-alkyl, n-alkenyl, n-alkynyl, n-alkadi 
enyl, in-Oxaalkyl 

CH3-(CH2) m-O-(CH2) n 

n-polyoxaalkyl, n-thia alkyl 
CH3-(CH2) m-S-(CH2) n 

n-polythia alkyl, and the like, where m and n rep 
resent Zero or positive integers which must total 
at least five, and where X represents halogen. 
The urea-reactivity of the straight-chain organic 
radical is not affected by the Substitution thereon 
of hydroxyl or fluorine in any position, or by sub 
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stitution thereon of other halogen, amino, or mer 
capto in the omega position. The carbocyclic 
group may be cyclopropyl, cyclobutyl, cyclopentyl, 
cyclohexyl, cyclohexenyl, phenyl, and the like, 
and may contain a halogen, hydroxyi, or mer 
capto substituent in the para position. The most 
useful group of our new compositions which We 
have so far prepared are obtained from quater 
nary ammonium Salts containing one or two 
C10-C20 n-alkyl groups. These compounds have 
excellent germicidal, fungicidal, and surface-ac 
tive properties, which are retained and improved 
when the compounds are reacted with urea. 
Our new compositions are useful in a Wide 

range of applications. They may be used as a 
combination plant food and fungicide for fruit 
trees and plants in general. For this purpose, 
they can be conveniently used as a dust, owing to 
the fact that they are free-flowing, non-hygro 
scopic powders; and they can conveniently be 
combined With insecticidal agents and inert ma 
terials which are commonly applied separately. 

5 

Since garden crops or ornamental plants are con 
monly dusted in the morning when the plants are 
wet with dew, the use of Our new compositions or 
materials comprised thereof at Such times is dis 
tinctly advantageous, permitting rapid decom 
position of the urea, adduct and immediate feed 
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iing and fungicidal action by the urea and the 
quaternary ammonium salt. Alternatively, Our 
new compositions can be used advantageously as 
a component of sprays for plants and trees. In 
this connection, the Surface-active characteristics 
of the quaternary ammonium compounds are 
highly advantageous. When the adduct is added 
to water, it decomposes, yielding a solution which 
has a lower Surface tension than a comparable 
urea solution and for this reason being more cap 
able and efficient in feeding nitrogen to plants. 
If a higher ratio of uréa is desired, an additional 
quantity of urea, can be blended with the adduct, 
owing to the powdery form of the latter. Our 
new compositions are also useful in pharmaceu 
tical preparations, for example in mouth washes, 
tooth pastes, and the like. They are especially 
useful in tooth powders, where their non-hygro 
scopic nature is essential, and where their com 
bined germicidal and ammonia-producing actions 
are highly desirable. Many other uses will be ap 
parent to those skilled in the art. 
While We have described Our invention in Conn 

nection with certain specific embodiments there 
of, it is to be understood that we are not limited 
thereto. The compositions of our invention are 
new and useful broadly within the scope of the 
disclosure thereof, and it is further to be under 
stood that any modifications Or equivalents that 
would ordinarily occur to one skilled in the art 
are to be considered as lying within the scope of 
our invention. :- 
In accordance with the foregoing description, 

we claim as our invention: 
1. An adduct of urea and a quaternary di 

methylammonium compound having as Sub 
stituents on the nitrogen atom thereof (1) at 
least one straight-chain organic radical contain 
ing at least five methylene groups and (2) an 
aliphatic radical containing not more than one 
carbocyclic-substituent, said carbocyclic Sub 
stituent containing not more than six carbon 
atoms in the ring, said quaternary dimethyl 
ammonium compound being otherwise free from 
functional groups reactive with urea. 

2. The composition of claim 1 wherein said 
quaternary dimethylammonium compound has 
as substituents on the nitrogen atom thereof at 
least one C10-C20 n-alkyl radical. 

3. The composition of claim 1 wherein said 
quaternary dimethylammonium compound has 
as substituents on the nitrogen atom thereof at 
least one n-oxaalky radical containing at least 
five methylene groups. 

4. The composition of claim 1 wherein said 
quaternary dimethylammonium compound has 
as substituents on the nitrogen atom thereof at 
least one n-thiaalkl radical containing at least 
five methylene groupS. 

5. An adduct of urea and a quaternary di 
methylammonium compound having as substit 
uents on the nitrogen atom thereof (1) at least 
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6 
one straight-chain organic radical containing at 
least five methylene groups and (2) an aliphatic 
radical free from cyclic substitutents, said 
quaternary dimethylammonium compound be 
ing otherwise free from functional groups reac 
tive With urea. 

6. An adduct of urea, and a dialkyldimethyl 
ammonium compound wherein at least one of 
Said alkyl radicals is an n-alkyl radical contain 
ing at least Six carbon atoms. 

7. An adduct of urea and a dialkyldinnethyl 
ammonium Salt wherein at least one of Said alkyl 
radicals is an n-alkyl radical containing at least 
six carbon atoms. 

8. An adduct of urea and dimethyldilauryl 
ammonium bromide. 

9. An adduct of urea and benzyldinnethyllauryl 
ammonium chloride. 

10. An adduct of urea, and benzyldimethyl 
lauryloxymethylammonium chloride. 

11. An adduct of urea and benzylidimethyl 
laurylthiamethylammonium chloride. 

12. An adduct of urea, and lauryltrimethyl 
ammonium chloride. 

13. In a method for Separating quaternary di 
methylammonium compounds according to struc 
tural configuration from a mixture thereof, Said 
mixture comprising a quaternary ammonium 
compound (I) having as substituents on the ni 
trogen atom thereof (1) at least One straight 
chain organic radical containing at least five 
nethylene groups and (2) an aliphatic radical 
containing not more than one carbocyclic Sub 
stituent, said carbocyclic Substituent containing 
not more than six carbon atoms in the ring, 
said mixture further comprising at least One 
quaternary ammonium compound (II) of an 
other type, and said mixture being Substantially 
free from components containing functional 
groups reactive with urea, the steps Which con 
prise contacting said mixture with urea and a 
urea solvent and separating from the resulting 
reaction mixture a solid, non-hydroscopic adduct 
of urea, and said quaternary ammonium 
compound (I), substantially free from said 
quaternary ammonium compound (II). 
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