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An Unplanned Synthesis of Symmetrical 1,3-Disubstituted Ureas
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Summary” When urea derivatives (V-aryl-N' N -dialkyl urea) or iA-aryl-N -alkyl/aryl urea) la-1u
react wim diethylcarbamy! chloride at 50-60 'C symmetrical 1.3-disubstituted ureas 2a-2f were
formed as major products instead of forming ployureas

Introduction

Polyureas are of tremendous bioclogical
significance as they arc used as anti-HIV agents [1].
They are used as bed liners to form durable coatings
to protect against rust and corrosion, as a
multipurpose joint fillers, caulking and sealant
material. They have significant application in race car
body parts, mold making and artificial rock. They are
resistant to many fuels and chemicals.

Due to great application of symmetrical 1,3-
disubstituted ureas, much attention has been paid to
their synthesis. Disubstituted ureas are essential
components of drug candidates including HIV
protease inhibitor. CCK-B receptor antagonists, and
endothelin antagonists [2]. Recently oligoureas have
also been introduced as scaffolds for the creation of
artificial f-sheets [3] and as peptide backbone
mimetics {4]. The symmetrical substituted ureas are
found in natural products [5] and act as useful
intermediates in synthesis of different chemicals [6,
7). The traditional synthetic approaches to
symmetrical ureas are well known ({8, 9]
Unsymmetrical and symmetrical NN -substituted
ureas or thioureas are przpared by refluxing carbamyl
or thiocarbamyl halide in the presences of an alkaline
material and water [10].
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The references cited in literature indicated
that aliphatic and aromatic amines react with
carbamyl or thiocarbamy! chloride [11] to form
substituted ureas. In an attempt to synthesize
polyurea by reacting N-aryl-N', N'-dialky! or N-aryl-
N-alkyl/ary]l ureas (la-lu) with diethylcarbamyl
chloride at 50-60 C considering weak nucleophilicity
of NH functional group, surprisingly we isolated
symmetrical 1,3-disubstituted urcas as major product.
To the best of our knowledge no reaction is reported
for the synthesis of symmetrical 1,3-disubstituted
ureas in these conditions. In the course of our study
to expanded the scope of this reaction, we found that
reaction of urea (la-l1u) in the above-mentioned
conditions afforded 1,3-disubstituted ureas (2a-2f).
No reaction was observed when reaction was
performed without using dicthylcarbamyl! chloride.

Results and Discussion

The symmetrical 1,3-disubstituted ureas 2a-
2f were synthesized by reacting N-aryl-N’, N ’-dialky]
or N-aryl-N’-alkyl/aryl urea with diethylcarbamyl
chloride at $0-60 'C (Scheme 1). The reaction
afforded products as solids by only pouring them into
ice-cold water with stirring. Recrystallization of the
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Table-1: Results of Syntheses of Symmetrical 1,3-Disubstituted Ureas
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Table-1: Continue...
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solid from appropriate solvents gave pure analytical
samples.

It was observed that at room temperature the
reaction was very slow while on heating at 50-60 'C
the reaction was completed in 4-12 h (Scheme-1). In
a typical reaction 0.2 mol of N-aryl-N’,N'-dialkyl or
N-aryl-N-alkyl/aryl urea was treated with 0.1 mol of
diethylcarbamy! chloride in the presence of 1,4-
dioxane at 50-60 'C and progress of reaction was
monitored through TLC. After completion of
reaction, the reaction mixture was poured into ice
cold water with stirring. The solid was filtered to
afford pure 1,3-disubstituted ureas Table-1.

In our proposed mechanism, when the
reaction was carried out in 14-dioxane with
diethylcarbamyl chloride initially weak nucleophilic
nitrogen of N-aryl-N’,N’-dialkyl or N-aryl-N'-
alkyl/aryl urea attacks diethylcarbamyl group to form
protonated polyurea. The protonated polyurea so
formed simultaneously attacked by another molecule
of N-aryl-N’,N’-dialkyl or N-aryl-N’-alkyl/aryl urea
which on rearrangement resulted in the formation of
1,3-disubstituted ureas as major products. To ensure
the participation of diethylcarbamyl chloride in the
reaction, several reactions were carried out without
using diethylcarbamyl chloride. No reaction took
place in the absence of diethylcarbamyl chloride
which indicates the reaction is essentially initiated by
diethylcarbamyl chloride to form polyurea first which
then converted into [,3-disubstituted ureas. A total of
twenty one un-symmetrical ureas were reacted with
diethylcarbamy! chloride which resulted in respective
symmetrical ureas. In seme cases the minor products
were also characterized and found to be symmetrical
urea of second part of the initial unsymmetrical urea.

Experimental

'H NMR spectra were recorded in CD;0D
and CDCl; on a Bruker Aspect AM-300 and 400
MHz using TMS as an internal standard. Chemical
shifts are given in ppm. IR spectra were recorded in
KBr on a SHIMADZU IR-460 and Bruker vector 22
spectrometer (wave numbers in cm’™'). Mass spectra
(EIMS) were measured on Finnigan MAT-112
instrument. High resolution EIMS were recorded in
Jeol JIMS HX-110 spectrometer.

General Procedure for the Synthesis of Ureas

To mixture of 0.2 mol of N-aryl-N'N'-
dialkyl or N-aryl-N -alkyl urea in 20 to 25 mL of 1,4~
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dioxane was added 0.1 mol of diethylcarbamyl
chloride initially at room temperature and then at 50-
60 'C progress of reaction was monitored via TLC.
After completion of reaction, the reaction mixture
was poured into ice cold water with continuous
stirring, solid was filtered and crystallized by
appropriate  solvent to afford desired product.
Elemental analyses were performed on Perkin Elmer
analyzer.

1,3-Diphenylurea (2a)

Crystallization by diethyl ether or ethanol
gave needle like crystals. R, = 0.40 (CHCL; 10.0);
mp 240 'C. IR (KBr): vy 3285, 3194, 3036, 1647,
1597, 1555, 1312 cm™; UV A . 254.3 (€ 289.7),
262.9 (e 285),275.5 (¢ 314.7), 283.57 (e 333.6); 'H
NMR (306 MHz, CD;0D): § 7.1-7.75 (m, 10H, Ar.
H), 7.43 (brs, 2H, NH); HREIMS: m/z (rel. int.) =
212.0947 [M", C;3H ;N0 requires 212.2533] (22),
120 (2), 119 (5), 93 (100), 77 (11), 66 (10), 65 (13);
Anal. caled. for: C, 73.56; H, 5.70; N, 13.20.
Ci3H N0 requires C, 73.54; H, 5.68; N, 13.18.

4, 4'-Dichlorocarbanilide (2b)

Recrystallization from ethanol gave needle
like crystals. mp 306-7 'C. '"H NMR (400 MHz,
CD;0OD): 6 9.62 (brs, 2H), 7.94 (dd, 4H, J=9.0, 2.7
Hz), 7.25 (dd, 4H, J = 9.0, 2.7 Hz); HREIMS: m/z
(rel. int) = 281.247 [M", C;3H,;(N,OCl, requires
281.137]) (15), 245.5 (50), 153.5 (100), 126.5 (80).
Anal. caled. for Cy3H,;oN,OCLy: C, 55.54; H, 3.59; N,
9.96. Found: C, 55.83; H, 3.38; N, 9.78.

2,2°, 4,4"-Tetrachlorocarbanilide (2c)

Yield: 79%. 'H NMR (400 MHz, CD-OD):
8 10.58 (brs, 2H), 8.42 (d, J = 8.8 Hz, 2H), 7.43 (d, J
= 22 Hz, 2H), 7.24 (dd, J = 8.8, 2.2 Hz, 2H),

HREIMS: m/z (rel. int) = 350.064 [M’,
C,;HsN>OCl, requires 350.026] (7), 314.5 (10), 279
(45), 188 (100), 161(37); Anal. caled. for

CHgN,OCly: C, 44.61; H, 2.30; N, 8.00. Found: C,
44.72; H, 2.80; N, 8.21.

4,4"-Dinitrocarbanilide (2d)

Recrystallization from ethanol gave yellow
needle like crystals. R,= 0.45 (CHCl;: MeOH; 9.7 .
0.3); mp 310 'C. IR vpa (KBr): 3286, 3190, 1649,
1600, 1556, 1312 cm™'; 'H NMR (400 MHz,
CD;0D): 8 9.62 (brs, 2H), 8.13 (dd, 4H, /= 8.1,0.2
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Hz), 8.22 (dd, 4H, J = 8.1, 0.2 Hz); HREIMS: m/z
(rel. int) = 302.0650 [M", C;;H(N4Os requires
302.2484] (6), 257 (15), 181 (20), 162 (100), 123
(55). Anal. calced. for C;3H oN4Os: C, 51.66; H, 3.33;
N, 18.54. Found: C. 51.64; H, 3.35; N, 18.58.

3,3"-Dinitrocarbanilide (2e)

Recrystallization from ethanol gave yellow
needle like crystals. R, = 0.42 (CHCl; 10.0); mp 242
‘C. IR vy (KBr): 3386, 3070, 1720, 1691, 1524,
1417, 1352 cm™; 'H NMR (400 MHz, CD;0D): §
9.09 (dd, 2H, J = 7.7, 2.0 Hz), 883 (d, 2H, J = 1.5
Hz), 8.03 (dd, 2H, J = 7.7, 2.0 Hz), 7.7 (d, 2H, J =
7.7 Hz); HREIMS: m/z (rel. int.)=302.0650 [M",
Ci3HgNyOs requires 302.242] (6), 257 (15), 181
(20), 162 (100), 123 (55). Anal. caled. for
C13H1oN,Os: C, 51.66; H, 3.33; N, 18.54. Found: C,
51.54; H, 3.38; N, 18.58.

2,2-Dinitrocarbanilide (2f)

Recrystallization from benzene gave pale
yellow crystals. R, = 0.69 (CHCl : MeOH; 9.3 . 0.7);
mp 225-227 'C. IR vy (KBr): 3285 3194, 1647,
1597, 1555, 1443, 1212 cm’', 'H NMR (400 MHz,
CDCly): & 8.82 {dd, 2H, /= 8.0, 1.4 Hz), 8.33 (dd,
2H,.J =82, 14 Hz), 766 (ddd, 2H, J =80, 73 14
Hz), 7.38 (ddd, ZH. ./ = 8.2, 7.3, 1.4 Hz;, HREIMS:
m/z (rei. int.) == 302.0655 [M’, C;5H,(N4Os requires
302.2484] (), 257 {10}, i8] {24), 164 {100), 123
{35). Anal. caicd. for T ;H oN,Os: 2, 51eo; H, 35335
N, 18.54. Found: C, 51.63, H, 7.29;: N, 18.58.
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