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Introduction 

The kinetics of the thermal dissociation 
,of urea, di- and tri-substituted ureas in 
fatty acids have been studied1-4). In the

present work, more than ten new ureas 
of the types, 1, 1-diethyl-3-phenylureas (I), 
1-pentyl-3-phenylureas (II) and 1, 3-diphe-
nylureas (III), substituted for methoxy, 
methyl, chloro and nitro in ortho, meta 
and para positions, respectively have been 
synthesized, and the kinetics of the 
thermal dissociation of these ureas in 
fatty acids have been studied. The effects 
of the substituents on the thermal dis-
sociation of these ureas are discussed.

1) T. Hoshino, T. Mukaiyama and H. Hoshino, J. Am. 
Chem. Soc.. 74, 3097 (1952). 

2) T. Mukaiyama and T. Matsunaga, ibid., 75, 6209 

(1953). 
3) T. Mukaiyama, S. Ozaki and T. Hoshino, This 

Bulletin, 27, 578 (1954). 
4) T. Mukaiyama, S. Ozaki and Y. Kobayashi, ibid., 

29, 51 (1956).
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he dissocia ion of subs i u ed ureas, 
e. g., 1, 1-die hyl-3-(p-chlorophenyl) ureas 
in chloroace ic acid,  akes place according 

 o  he following equa ions :

shown in  able II and in a previous 
repor 4), 1, 3-diarylureas were ob ained 

probably hrough he following mecha-
nism.

(1)

(2)

(3)

(4)

(5)

he reac ion in fa  y acids can be followed 

by measuring  he ra e of evolu ion of 

carbon dioxide (eq. 3), as  he reac ion 

(1) is  he ra e-de ermining s ep. 

1, 1-Die hyl-3-arylureas (I)5) were pre-

pared from die hylcarbamyl chloride, 
corresponding amines and  rie hylamine. 

1-Pen yl-3-arylureas (II) could be ob ained 

from pen yl isocyana e and amines. 1, 3-

Diarylureas (III) were ob ained in  he 

course of  he syn heses of ureas (I) and 

(II) as men ioned below. Reac ivi y of 

aroma ic amines  owards isocyana e and 

die hylcarbamyl chloride is of a similar 

order  o  hose observed by Van Ops all6) 

and Linke7) in  he reac ion be ween 1-

chloro-2,4-dini robenzene and aroma ic 

amines, and by C. Naegeli8) e  al. in  he re-

ac ion of  he amines wi h phenyl isocyan-

a e. Me hoxy-, me hyl- and chloro- anilines 

reac   easily wi h pen yl isocyana e, bu  

ni roanilines do no  reac  a  room  em-

pera ure. m-Ni roaniline reac s a  80•Ž., 
and p-ni roaniline does  o an ex en  of 

only 1% in 5hours a   he same  empera-

 ure.  he reac ivi y of die hylcarbamyl 

chloride  owards amines is smaller  han 

 ha  of isocyana e. In  he reac ion of 

unreac ive amines, such as ni ro- and 

chloro- anilines,  owards die hylcarbamyl 

chloride,  he yields were poor, and by 

raising  he  empera ure, 1, 3-diarylureas 

were produced as byproduc s. As 1, 1, 3-

 risubs i u ed ureas dissocia e much more 

easily by Eq. (4)  han 1, 3-diarylureas as

5) Some of ureas (I) are repor ed  o be useful as her-
bicides named C. M. U. (Chlorophenyl Me hyl Urea). 
U. S. P. 2655444, 2655445, 2655446 and 2655447. Kagaku  o 
Kogyo (Chemis ry and Chemical indus ry) 9, 63 (1956). 

6) Van Ops all, Rec.  rav. Chim., 52, 901 (1933). 
7) Linke, Ber., 56, 848 (1923). 
8) C. Naegeli, A.  yabji and C. Conrad, Helvy. Chim. 

Ac a, 21, 1127 (1938).

1, 3-Bis- (p-ni rophenyl) urea was produced 

also in  he reac ion of p-ni roaniline wi h 

pen yl isocyana e a  150•Ž. 
Aniline deriva ives having more  han 

 wo subs i uen s such as 2, 4, 5- richloro-

and 2, 6-dichloro- aniline have small reac-

 iviy, and 2, 4, 5- richloro- is less reac ive 

 han 2, 6-dichloro-aniline.

Experimen al 

Ureas.- he various cons an s of  he ureas 

syn hesized and  he experimen al condi ions of 

syn heses are summarized in  able I. As an 

example,  he syn he ic procedure for 1, 1-die hyl-

3-(o-me hoxyphenyl) urea is given: A mix ure 

of 4.1g. (4/100mole) of die hylcarbamyl chloride, 

4.8g. (4/100mole) of o-anisidine and 5g (5/100 

mole) of  rie hylamine are hea ed under a reflux 

condenser wi h a calcium chloride  ube for 2 

hours a  80-90•Ž.  he  rie hylamine hydrochlo-

ride precipi a ed is fil ered off, and  he sal  is 

washed wi h benzene.  he combined fil ra e and 

benzene washing are washed wih 2N hydro-

chloric acid, and  hen wi h wa er. Af er dried 

over anhydrous sodium sulfa e, benzene was

evaporated and 5.3g. (59%) of 1, 1-diethyl-3-(o-

methoxyphenyl) urea was obtained by dis illation,

colourless liquid boiling at 143-145℃/0.40-0.45mm.

Solvents.-the solvents were purified by the

same method as described3) previously. the

boiling point of caproic acid was 104-106℃/16-17

mm. and that of chloroacetic acid was 184-185℃.

Rate measurement. -the procedure for 

measuring the rate of dissociation of ureas in 

fatty acids has been described previously1,3). On 

plotting against time the logarithm of the volume 

of carbon dioxide, •¢Y, evolved at regular inter-

vals of time, a straight line was obtained.  this 

indicates a first order reaction rate. the rate 

constan is given by the gradient of such a plot. 

the molar ratio of ureas to solvents was 1:100 

in each case. 

the rate constants of the thermal dissocia ion 

of these ureas in fatty acids are summarized in 

table II and in part are shown in Fig. 1 and 2_ 

the activation energy (Ea) of the dissocia ion 

reacion of 1, 1-diethyl-3-phenylurea in chloroacetic
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acid was calculated from Fig. 2 to be Ea=22.7 
Kcal.

Fig. 1. Thermal dissociation of phenyl-

ureas in chloroacetic acid: the plot 

of k against ƒÐ. 

•œ 1, 1-diethyl-3-phenylureas at 95•Ž. 

•¢ 1-pentyl-3-phenylureas at 139.5•Ž

Fig. 2. Thermal dissociation of 1, 1-di-
ethyl-3-phenylurea in chloroacetic 
acid: the plot of k against 1/T.

Results and Discussion 

Effects of the substituents on the dis-

sociation reaction of substituted phenyl-

ureas (I), (II) and (III) are as follow : 

In the 1, 1-diethyl-3-arylureas (I), the value 

of ƒÏ in the Hammett equation is -0.196 

•}0.028, that is, electron donating groups, 

such as methoxy, accelerate the reaction. 

The correlation coefficient r is 0.964. In 

the 1, 3-diarylureas (III), the value of ƒÏ

is negative, and there is a large deviation 

from the Hammett equation in this case. 

Especially non-substituted diphenylurea 

dissociates faster than the other ureas of 

this type. In the 1-pentyl-3-phenylureas 

(II), two paths far dissociation can be 

considered,
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TABLE II 

THE RATE CONSTANTS OF THE THERMAL DISSOCIATION OF PHENYLUREAS IN FATTY ACIDS 

k•~102(min-1)

TABLE III

but it is impossible to determine which 

path is followed in the course of dissocia-
tion of the ureas in fatty acids. Therefore 

the dissociation ratio was determined in 

benzyl alcohol instead of fatty acid used 

in the other experiments. On heating 

1-pentyl-3-phenylurea in benzyl alcohol 

for 4hours at 170•Ž, the products shown 

in Table III were obtained. 

From this table the ratio A/B is equal 

to 1.6 for 1-pentyl-3-phenylurea at 170•Ž. 

This ratio will differ in other 1-pentyl-3-

arylureas. Therefore, rate constants and 

ƒÏ value (0.1778•}0.025) may be insignificant 

in these ureas. The correlation coefficient 

r was low (0.895). 

The dissociation mechanism of ureas in 

fatty acids is as follows3):

(6)

(7)

From Eqs. (6) and (7)

(8)

where

We can consider two cases as follows: 
a) When k-1 is greater than k2 or of 

comparable magnitude, then
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(9)

where C=constant 
In Eq. (9), K and k2 will fit the Hammett 
equation, therefore Kk2 also will agree 
with it. The product pa for the reaction 
is given by:

(10)

where

ƒÏ=ƒÏ1+ƒÏ2

Substituents having a positive σ-value

decrease K(or k1),since such substituents

decrease the basicity of 1 nitrogen;and

they also increase k2, since such sub-

stituents make the deprotonation at 3

nitrogen easier. On the other hand, sub-

stituents having a negative a-value in-

crease K (or k1)and decrease k2, that is,

ρ1 will have a negative value and ρ2 will

be positive. Therefore the sign of ρ will

be determined by the magnitude of ρ1 and

ρ2, and if |ρ1｜ is greater than ｜ρ2｜, ρ will

have a negative value, and vice versa.

The value of ρ obtained in this experi-

ment was -0.198±0.028 indicating that ｜ρ1｜

is greater than ｜ρ2｜. This seems impro一

bable, since in reaction (6), the reaction 
center is 1-nitrogen, while in reaction 
(7), it is 3-nitrogen which is nearer the 
substituent9). Therefore the hypothesis 
(a) does not appear likely. 

b) When k2 is much greater than k-1, 
then

(11)

In this case, ƒÏ will have a negative value 

from the reason just mentioned, and the 

experimental data are in accord with this 

hypothesis. 

From the above, hypothesis (b) is pro-

bable rather than hypothesis (a), that is, 

the rate-determining step seems to be a 

protonation process (Eq. 6) and not a 

deprotonation process (Eq. 7). This con-

trasts with the fact10), that in the dis-

sociation reaction of benzyl N-arylcarbam-

ate in a basic medium such as an amine, 

the dissociation rate was proportional to 

the rate of the deprotonation, as indicated

by the positive value of ρ which was

obtained.

The discussion concerning the positive

ρ value in the dissociation reaction of

1-pentyl-3-arylureas (II) will not be given 
here for the reason mentioned in the 
earlier part of this result and discussion. 

As to the effect of ortho substituents in 
1, 1-diethyl-3-arylureas, 1, 1-diethyl-3- (o-
methoxyphenyl) urea dissociates one third 
as fast as p-methoxy-, o-chloro- slightly 
slower than p-chloro-, and o-methyl- at a 
nearly equal rate to p-methyl-. With 
1, 3-diarylureas, o-methyl- dissociates a 
quarter as fast as p-methyl-, and o-chloro-
at a nearly equal rate to p-chloro-. 

The activation energy of the dissociation 
reaction of 1, 1-diethyl-3-phenylurea in 
chloroacetic acid was 22.4Kcal.; this is 
smaller than the value obtained with 5, 6, 
7 and 11 membered polymethylene ring 
ureas in the same solvent (24-27Kcal.)11), 
or those of 1, 3-diphenylurea in propionic 
acid (27.9Kcal.) and butyric acid (28.0 
Kcal.)1). The smaller value is due to the 
more facile protonation on tri-substituted 
ureas than on 1, 3-di-substituted ureas.

Summary 

Eleven new ureas of the type, 1, 1-diethyl-

3-arylureas and 1-pentyl-3-arylureas were 

synthesized. The rate constants and ƒÏ 

values of thermal dissociation of these 

ureas in fatty acids were determined. In 

1, 1-diethyl-3-arylureas, the ƒÏ value of the 

dissociation reaction at 95•Ž. in chloro-

acetic acid was -0.196, and it may be 

concluded that the protonation process 

seems to be the rate-determining step in 

the dissociation reaction of ureas in fatty 

acid. The activation energy was compared 

with those of other ureas. 
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 9) T heargument is rather weak, because ƒÏ, and ƒÏ2 

are reaction constants for reactions of different types, o1 

referring to equilibrium (6) and ƒÏ2 to reaction (7). 

10) T. Mukaiyama and M. Iwanami, J. Am. Chem. 

Soc., 79, 75 (1957). 11) Unpublished data.


