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A b s t r a c t :  A new method for producing unsymmetrical, tetrasubstituted ureas from N, N'- 
carbonyldiimidazole (CDI) is presented. Carbamoyl imidazolium salts are 
prepared from the reaction of CDI with a secondary amine, followed by alkylation 
with MeI. Secondary amines add with ease to imidazolium salts at room 
temperature to give unsymmetrical, tetrasubstituted ureas in excellent yields. 
© 1998 Elsevier Science Ltd. All rights reserved. 

A common motif in many pharmaceutically active compounds is the presence of urea functionality. 
Unlike unsymmetrical di- and tri-substituted ureas, there are only a few methods for the formation of 
unsymmetrical tetrasubstituted ureas.1 The most well established method involves treatment of a carbamoyl 
chloride (synthesized from phosgene and a secondary amine) with a secondary amine. 2 This method suffers 
from drawbacks: (i) toxicity of phosgene; and (ii) carbamoyl chlorides are often unstable and can be difficult to 
isolate with high purity. Recently, Katritzky has demonstrated the use of 1, l'-carbonylbisbenzotriazole 3 as a 
phosgene equivalent for the synthesis of unsymmetrical tetrasubstituted ureas. 4 In this method, a carbamoyl 
benzotriazole is formed as an intermediate from 1, l'-carbonylbisbenzotriazole and a secondary amine. This 
method also suffers from disadvantages: (i) the sodium salt of the secondary amine must be heated under reflux 
with the intermediate carbamoyl benzotriazoles; and (ii) l,l '-carbonylbisbenzotriazole is not commercially 
available and must be synthesized from benzotriazole and phosgene. 

We now report an experimentally straightforward and general protocol for the synthesis of 
unsymmetrical tetrasubstituted ureas 5 (Scheme 1). Our approach utilizes cationic carbamoyl  imidazolium 

intermediates 5 3, derived from the commercially available and easily handled crystalline solid, precursor, N, N'- 
carbonyldiimidazole 6 (CDI). CDI has previously been utilized to synthesize N,N'-disubstituted ureas via 
carbamoyl imidazoles 2. 7 Tetrasubstituted ureas, however, have not been synthesized using a CDI or 
carbamoyl imidazole based approach, because of the low reactivity of amines with N,N-disubstituted carbamoyl 
imidazoles 2. Activation of acylimidazoles as the corresponding resonance-stabilized imidazolium salts, by N- 
alkylation of the imidazole moiety, is well known to increase their reactivity toward nucleophilic attack. 8 We 
reasoned that carbamoyl imidazoles 2 would be similarly activated by initial conversion to the carbamoyl 
imidazolium salts 3. Subsequent addition of an amine 4 to 3 would then furnish the tetrasubstituted ureas 5 
(Scheme 1). 
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Scheme 1 

N-methylaniline, tetrahydroquinoline and L-proline benzyl ester were chosen as representative starting 
materials 1 for the synthesis of the ureas. Stable, isolable carbamoyl imidazoles 2 were produced in high yields 
from these amines using CDI (Table 1). 9 N-methylaniline and tetrahydroquinoline efficiently gave 2a and 2b 
after refluxing with CDI in THF for 24 and 36 hours, respectively. Heating of L-proline benzyl ester hydro- 
chloride with CDI afforded undesirable byproducts, but when stirred at room temperature for two days with one 
molar equivalent of triethylamine in CH2C12, cleanly formed the desired carbamoyl imidazole 2c in high yield. 
The carbamoyl imidazoles did not require further purification for use in the subsequent steps. Stirring of 2 with 
MeI (4 molar equivalents) in MeCN for one day at room temperature produces the imidazolium salts 3 
quantitatively (Table 1). 

Table 1. Carbamoyl Imidazole and Imidazolium Salt Formation 

Carbamoyl Imidazole Yield of Imidazolium Salt Yield of 
2 3 

0 2a ~ 0 3a I 
N~J,~N~, 870/0 ~N~ ]J . , , .N .~ ,  + " ,99% 
Ivle ~L..~.j N Me ~ / N - M  e 

880/0 /U'~N~N+ M e >99°/0 

BnO--.~ O O 2c BnO-..~ O O 3c I" 

The imidazolium salts 3, again required no additional purification for the final conversion to the ureas. 
Although the salts are hygroscopic, we have stored them for several weeks without detectable decomposition. 
Addition of secondary amines 4 to a solution of imidazolium salts 3 in dichloromethane with triethylamine at 
room temperature affords tetrasubstituted ureas 5 in high yields (Scheme 1 and Table 2). 1° The activation of the 
leaving imidazole group is necessary to form the desired ureas, since carbamoyl imidazoles 2 were found to be 
unreactive toward primary and secondary amines even under refluxing conditions for prolonged periods. 
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Addition of triethylamine (1 molar equivalent) resulted in improved yields of the ureas (Entries 1 and 2, Table 
2). The activation and amine additions can also be carried out in a one-pot procedure, by removal of the solvent 
and excess MeI from the imidazolium salts, followed by addition of dichloromethane, triethylamine and the 
secondary amines 4. In most cases, the only detectable byproduct of the reaction was N-methylimidazole, 
which was easily removed by washing the organic layer with dilute acid. This method is also useful for the 
formation of trisubstituted ureas. Thus, allylamine addition to 3b afforded the corresponding 
tetrahydroquinoline derived urea (Entry 13, Table 2). The main limitation of the current protocol, is the potential 
for competitive attack of other functionality present in the amines 1 or carbamoyl imidazole precursors 2, with 
CDI and methyl iodide respectively. 

Table 2. Ureas Synthesized a from Imidazolium Salts 3a-e 

Entry Urea Isolated Yield Entry Urea Isolated Yield 

° 
1 80°/0 b'c 9 N ~ N ~ C ~  85o/o 

I - ~  Me N 

~ N e ~ N  e ~  ~ N ~ N ~ N ~  

2 99°/o b 
10 95% 

0 . ° 2 )  a ..U.. ~°/~ 
N N 
Me IVle 11 96% OH 

~ N e ~ N ~ N ~  
4 97% 

0 0~,--"~ OC H 3 

~ N e ~ N ~  12 ~ N ~ N  ~ 89% 
5 96% 

6 N " /~ C~N 84°1° 

Me Me 
B n O-,,.~ ,O O 

7 ~Oio 14 ..11.. i ~ /  

8 i ~  O O~"'OCH3 98% BnO~ O O 

,,,,,~,~N e~ N .. ~ 15 ~ _ , , j N , . ~ N v ~  81°/o 

a Imidazolium salts 3a-c, secondary amines (or HCI salts) and tdethylamine (1.0 equiv.,or 2.0 equiv, for HCI 
salts) in dichloromethane were stirred at room temperature overnight, bReaction stirred for 4 hours. 
CReaction conducted in the absence of tdethylamine. 
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In conclusion, we have established an efficient new protocol for the formation of unsymmetrical, 
tetrasubstituted ureas. High yields of ureas are obtained under mild conditions, often without the need for 
chromatographic purification. Commercially available CDI is used, eliminating the necessity of using phosgene, 
traditionally associated with tetrasubstituted urea synthesis. Further studies on the utility of imidazolium salts 3, 
and polymer-supported variants of this methodology are currently underway in our laboratory. 
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