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& A Rapid Synthesis of Fatty Acyl Urea Derivatives

T.J. MICICH, Eastern Regional Research Center!, Philadelphia, PA 19118

ABSTRACT

Fat-based aliphatic amides react with aromatic isocyanates in
refluxing xylene generally within 1 hr to form crystalline acyl-
aryl urea compounds in 50-80% yields. The reaction appears to be
general with either component being aliphatic or aromatic. Al-
though the reaction occurs in various solvents, xylene is the pre-
ferred solvent in which the reactions were completed within 4 hr
for the chosen amides and isocyanates. The progress of the reaction
was conveniently monitored by infrared through the disappearance
of the intense isocyanate band at 2258 cm™.

INTRODUCTION

In the course of a screening program to develop potential
bacteriostats for use in soap or nonionic surfactants, it
was found necessary to prepare some acyl urea derivatives.
Disubstituted acyl ureas of the type RCONHCONHR',

where R and R’ may be aliphatic or aromatic, are generally
prepared by reacting an acyl urea with an amine at 160-170
C for 2-4 hr or with an acid chloride (1-3). The high tem-
peratures used with the amine tend to decrease yields
and complicate the reaction by dissociation of the product
into an amide and an isocyanate. The reaction of iso-
cyanates with amines or alcohols is well known as a stan-
dard approach to the formation of solid derivatives. The
reaction between isocyanates and amides to form acyl urea
derivatives according to the following equation is not so
familiar:

: 160 C
RCONH, + R'NCO '%50’ RCONHCONHR' (m

Reaction temperatures below 160 C lead to formation of
the product whereas temperatures of 160-200 C lead to
dissociation (1,2,4). The initial work on this synthesis was
done by B. Kiuthn (1884) who studied the action of phenyl
isocyanate with benzamide, acetamide and propionamide
to yield the corresponding acyl ureas (4). He also investi-
gated the reaction of phenyl isocyanate with anilides
derived from aniline and naphthylamine. He found that
acetanilide was the only secondary amide to react according
to the Equation I giving N-acetyl N-phenyl N’ -phenyl urea
(4,5). Subsequent investigators utilized this reaction on
occasion, principally to prepare aroylaryl ureas (6-9) with
no details of experimental conditions. Other investigators
described syntheses of various acylaryl ureas using sealed
tube techniques or prolonged heating at 110 C for 18-24 hr
(10-12).

An approach was developed in which an isocyanate and
a fatty amide are heated in xylene with the reaction fre-
quently being complete in 1 hr or less.
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EXPERIMENTAL

Materials

Benzamide, 1,2-dichloroethane and ethyl acetate were
white label from Eastman Organic Chemicals, Rochester,
NY, whereas the isocyanates were obtained from Aldrich
Chemical Co., Milwaukee, WI, or Pfaltz-Bauer, Stamford,
CT. The compounds were used as received. (Caution is
required when handling some of the solvents, such as 1,2-
dichloroethane, as this substance has carcinogenic proper-
ties.) All other solvents used were reagent grade. The
amides were prepared by the low-temperature addition of
an acid chloride to concentrated ammonia (13).

Synthesis of N-Stearoyl N'-3-‘nitrophenyl Urea

A solution of 3-nitrophenyl isocyanate was prepared by
heating 1.64 g (0.01 mol) of the isocyanate with 30 mL of
dry xylene and filtering off the small amount of yellow
amorphous solid under a blanket of dry nitrogen. The
filtrate was added to a dry, 100-mL R.B. flask equipped
with a stirrer, reflux condenser and drying tube. The
system was flushed with nitrogen, 2.84 g (0.01 mol) of
stearamide was added and the mixture was heated to reflux.
Infrared (IR) spectra of the reaction mixture taken after
30 min and 1 hr showed the complete absencc of the
intense NCO absorption band at 2258 cm™ after 1 hr.
The turbid, pale yellow reaction mixture was filtered.
The filtrate was evaporated in the rotovac at 0.5 mm/
50 C to constant weight. The crude product was crystal-
lized 2 times from absolute ethanol to give 3.8 g (85%
yield) of crystalline N-stearoyl N'-3-nitrophenyl urea,
mp 105-106 C.

Where the isocyanate was completely soluble in the
solvent, indicating the absence of contaminating diaryl
urea, the amide was added to an excess of xylene and the
entire system dried by azeotropic distillation of a portion
of the solvent. The isocyanate was added and the synthesis
was performed as indicated above. Diaryl ureas are normal
contaminants of isocyanates which have been exposed to
moisture in the air. In this study, the low solubility of the
diaryl ureas permitted their separation from the desired
products.

Infrared Spectra

IR spectra of the acyl urea derivatives were obtained as
Nujol Mulls with a P.E. 257 spectrophotometer. The spectra
were quite consistent for all the samples in Table I. NH-
stretching bands appeared at 3220 and 3120 em™ with
deviations from these values of 5-10 cm™ for only a few
samples. Carbonyl bands frequently were partially resolved



TABLE I

Acylaryl and Acylalkyl Urea Derivatives

RNHCONHR’
Reaction Crystallization
Compound R R’ mp (C) % Yield  time (hr) solvent
1 Myristoyl Phenyl 86- 87 86 0.5 Hexane
2 Decanoyl 3,4-Dichlorophenyl 109-110 70 0.5 Methanol
3 Stearoyl 3-Nitrophenyl 105-106 85 1.0 Ethanol
4 Lauroyl 4-Chlorophenyl 118119 83 0.5 Ethanol
5 Palmitoyl 2-Nitro-4-chlorophenyl 108-109 50 1.0 Hexane/
ethanol
6 . Stearoyl Butyl 87- 88 63 2.0 Ethanol
7 Palmitoyl 3-Chlorophenyl 97- 98 83 1.3 Ethanol
8 Benzoyl Butyl 83- 84 72 4.0 Hexane
9 Lauroyl 4-Nitrophenyl 101-102 69 0.5 Methanol
102 Benzoyl Phenyl 204-205 84 1.5 Xylene
3Literature mp 203-204 (1 2).
TABLE 11
Solvent Effects in Formation of Acyl Urea Compounds
RNHCONHR'
Reaction
Compound R R Solvent time (hr) bp (C)
1 Decanoyl ' 3,4-Dichlorophenyl Xylene 0.5 140
2 Decanoyl 3,4-Dichlorophenyl Toluene 4.0 110
3 " Decanoyl 3,4-Dichlorophenyl Benzene 11.0 80
4 Decanoyl 3,4-Dichlorophenyl 1,2-Dichloroethane 9.0 81
5 Palmitoyl 4-Chlorophenyl Xylene 1.3 140
6 Pelargonyl 4-Chlorophenyl 1,2-Dichloroethane 24 81

into doublets at 1720-1680 c¢m™' with some samples
showing only a single band at 1690 cm™ . The strong NCO
band in reaction mixtures appeared at 2258 cm™" .

RESULTS AND DISCUSSION

Table 1 summarizes results obtained in the syntheses of
various fatty acylaryl and acylalkyl urea derivatives. These
compounds were prepared by heating an amide with an
isocyanate in anhydrous xylene for 0.54 hr. Aliphatic
amides generally react with aromatic isocyanates in 1 hr or
less. Reaction between 2 aliphatic components (compound
6) or 2 aromatic components (compound 10) leads to
essentially a doubling of the reaction time to 2 hr. How-
ever, an aromatic amide reacts with an aliphatic isocyanate
(compound 8) in 4 hr. This, therefore, suggests that aro-
matic isocyanates are somewhat more reactive than ali-
phatic isocyanates. In each case, the progress of the reac-
tion was followed by the disappearance of the intense
isocyanate (NCO) band at 2258 cm™. The reaction times
shown indicate the complete disappearance of this band.
The yields for the reactions were quite good, ranging from
50 to 85% of theory.

Because all the reactions were done at the 0.01 molar
level, the exclusion of moisture was crucial. When special
care was taken to exclude moisture, the yield of product in
sample 7 was increased to 93%, thus suggesting that the
application of rigorously dry conditions could raise the
yields shown in Table I. The exclusion of moisture is quite
important because 1 mol of water eliminates 2 mol of
isocyanate according to Equation 11, giving a dialkyl or
diaryl urea.

H,0 -co,
RNCO—RNHCO,H—RNH, + RNCO—+RNHCONHR [II]

The use of xylene as a solvent serves several purposes:
the reaction system can be dried by azeotropic distillation
of solvent. A homogeneous system is maintained by dissolu-
tion of the reactants including amides of as low molecular
weight as acetamide. Temperature control is maintained
at the boiling point of xylene. This solvent permits a
sufficiently high reaction temperature for rapid reaction
without dissociation of the product.

Solvent effects in this reaction were studied to a limited
degree and are summarized in Table II. When N-decanoyl-
N'-3,’4-dichlorophenyl urea was prepared in aromatic
solvents, the reaction time increased with decreasing
bp of the solvent. The ratio of reaction time for this com.
pound in xylene and 1,2-dichloroethane is about 18. The
ratio is essentially the same for samples 5 and 6 where a
large change in reaction time would not be expected by
changing the number of methylene groups in the aliphatic
amide, therefore indicating that the reaction is quite
temperature-dependent. However, the difference in reaction
times between samples 3 and 4 where the solvents have
essentially the same boiling point indicates the presence
of solvent interaction.

As noted earlier, Kihn (4) found that acetanilide was
the only secondary amide to react, according to Equation
I, with phenyl isocyanate. In this study, N-methyl laur-
amide and N-ethyl lauramide were refluxed in xylene with
phenyl isocyanate and 3,4-dichlorophenyl isocyanate,
respectively, for 10-12 hr. No evidence for the formation
of an acyl urea derivative was found and 85-90% of the
amides was recovered.

Table III summarizes the elemental analyses for the
various compounds in Table I, indicating that all analyses
for carbon, hydrogen, nitrogen and chlorine are within
experimental error.



TABLE III

Elemental Analysis of Acylurea Derivatives

RNHCONHR'
% Carbon % Hydrogen % Nitrogen % Chlorine
Compound R R’ Theory Found Theory Found Theory Found Theory Found
1 Myristoyl ~ Phenyl 72.79 73.05 9.89 9.75 8.08 8.12
2 Decanoyl  3,4-Dichlorophenyl 56.83 56.65 6.73 6.92 7.80 7.81 19.73 19.54
3 Stearoyl 3-Nitrophenyl 67.08 67.09 9.23 9.11 9.39 9.43
4 Lauroyl 4-Chlorophenyl 64.66 64.88 8.28 8.44 10.05 10.01 7.94 8.05
5 Palmitoyl 2-Nitro-4-chlorophenyl 60.85 60.80 7.99 8.22 7.81 7.65 9.25 9.45
6 Stearoyl Buzl 72.20 72.41 12,12 12.02 7.32 7.32
7 Palmitoyl  3-Chlorophenyl 67.54 67.73 9.12 9.38 6.85 5.97 8.67 8.52
8 Benzoy! Butyl 65.43 65.23 7.32 7.57 12.72 12.81
9 Lauroyl 4-Nitrophenyl 62.79 63.04 8.04 8.34 11.56 11.32
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