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Ureas constitute a family of organic molecules of great interest.’ N,N‘-Diphenylurea (2, 
carbanilide) is widely used in numerous applications.*-1° Consequently, the synthesis of 2 has 
been the subject of several previous utilizing a variety of solvents and metallic inor- 
ganic catalysts. However, these methods required large excesses of solvents, long reaction times, 
tedious work-ups, and elaborate purification procedures. Since 2 is relatively expensive, we have 
developed a new, inexpensive and clean approach to prepare 2 from phenyl isocyanate (1) in 
anhydrous benzene or toluene.’’ The approach is attractive because of its 

A, benzene P 
1 or toluene 2 

Ph-N=C=O - PhNHCNHPh 

simplicity, ease of operation, and high yield of a very pure product Without recrystallization. 
Moreover, no catalyst is required, and the reaction time is short. The Table below contains perti- 
nent results which are the average of two separate experiments. 

Table. Self-condensation of Phenyl Isocyanate (1) in benzene and toluene to N,N-Diphenylurea 

Solvent Yield (%) mP (“c) 
Benzene 62 239-240,hP mp 238-240°C 
Toluene 62 241 5 2 4 2  
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Commercial (Aldrich) phenyl isocyanate (1) was used directly. Solvents were dried (24 h) over 
molecular sieves (3A). Glassware was oven-dried overnight before use. IR spectra were recorded 
on a Perkin-Elmer 2000 FT-IR unit. NMR spectra were recorded on a Varian Gemini 2000 HR 
spectrometer (300 MHz) operating at 300.09 MHz ('H) and 75.46 MHz (13C). Mps were taken 
on a Thomas-Hoover apparatus and are uncorrected. 

Typical Procedure.-In a 15 mL, 3-necked, round-bottomed flask equipped with a condenser, a 
magnetic stirring bar, and a N, inlet was placed a solution of phenyl isocyanate (1, 0.03 1 g, 0.26 
mmol) in anhydrous benzene (2 mL) [or toluene]'' which was then heated under gentle reflux 
with stirring for 30 min. Heating was discontinued, but stirring was maintained until the flask 
had cooled to RT. The organic solution was washed with water (2 mL) and then brine (2 mL). 
After separation of the organic layer, and the aqueous layer was extracted with anhydrous ether 
(5  mL). The combined organic layedextracts were dried (Na,SO,), and evaporation of the 
solvent under vacuum gave a white solid in good yield and high purity (see Table). Reactions 
scaled up to 1.0 g gave similar results. Performing the reaction in toluene avoids the use of 
benzene which has been classified as a moderate carcinogen.20 A highly crystalline product, mp. 
242-243"C, could be obtained if the solvents were allowed to evaporate slowly at RT over 2-3 
days. However, the overall yield of 2 was low for reasons not clear at this time. The sample of 2 
from toluene was slightly purer than that from benzene. TLC analysis with ethyl acetate:ether 
(1:3, 15,  and 123) showed one spot for 2 obtained from runs in benzene or toluene. The IR, lH 
NMR and l-'C NMR spectra of 2 were identified by comparison with those reported for N , N -  
diphenylurea. 13,21 

FT-IR (KBr) 3324 (N-H); 1646 (C=O), cm-'; 'H NMR (DMSO-d,): 6 8.66 (s, N-H); 7.43-7.45 
(d, 2 H, Ar-H); 7.24-7.29 (t, 2 H, Ar-H); 6.93-6.97 (t, 1 H, Ar-H); 13C NMR (DMSO-d,): 6 
152.55 (C=O); Ar-C: 139.74, 128.77, 121.76, 118.14. 
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