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ABSTRACT

The first “In Water” imidazolecarbonylation of amine is described. A one pot reaction of carbonylimidazolide in water with a nucleophile provides
an efficient and general method for the preparation of urea, carbamates and thiocarbamates. Use of an anhydrous solvent and an inert atmosphere
could be avoided. Product precipitate out from the reaction mixture and can be obtained in high purity by filtration, resulting in a simple and
scalable method.

Water is the most economic and eco-friendly solvent
available in nature. However, it is not a popular choice of
solvent for chemists,1 as most organic substances have
poor solubility and many of the reagents are unstable in
water. Recently the concepts of “On Water”2 and “In
water”3 synthesis have achieved a great deal of attention
for their high efficiency and ease of process. Herein we
report a general and versatile method for preparing urea,
carbamates, and thiocarbamates in an aqueous media.

Urea and carbamate are important functional groups
found in pharmaceutical candidates,4 agrochemicals, and
material science.5 Although a number of methodologies,
such as oxidative carbonylation of amines6 and dialkyl

Scheme 1. “In Water” Reaction of Amine and CDI
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based exchange processes,7 have been developed recently

for the synthesis of ureas and carbamates which are

environmentalymore benign, a standardmethod for rapid

library generation of urea and carbamate involves use of a

transfer reagent such as phosgene, triphosgene,4b 1,10-
carbonylimidazole,4b carbonylimidazolium salt,8 chloro-

formates, or some carbamoyl cation equivalent such as

Table 1. Reaction of Amine with CDI in Watera

aTo the solution of amine (10 mmol) in water at 0 �C was added 1,10-
carbonyldiimidazole (12 mmol) in solid form. The reaction mixture was
stirred at 0 �C and monitored by TLC. b Isolated yield. cReactions carried
out at rt gave similar results. dStarting amine recovered unchanged.

Table 2. Effect of Solvent on Preparation of Carbonylimidazo-
lide of Tetrahydroquinoline

entry solvent time yield (%)

1 water 10 min 94

2 MeOH 7 h 30

3 tert-butanol 75 min 90

4 DMSO 80 min 53

5 DMF 40 min 78

6 dioxane 16 h 50

7 THF 90 min 33

8 CH3CN 90 min 79

9 CH2Cl2 65 min 50

10 toluene 16 h 55

Table 3. Preparation of Carbamate by in Situ Generation of
Carbonylimidazole in Watera

aCDI (12 mmol) was added to the solution of amine (10 mmol) in
water at 0 �C and monitored by TLC. The reaction mixture was then
warmed up to room temperature. Phenol or thiophenol (12 mmol) was
added. The reaction mixture was stirred at room temperature and was
monitored by TLC. b Isolated yield. cThiophenol was used as a nucleo-
phile to react with carbonylimidazolide.

(7) (a) Han, C.; Porco, J. A., Jr. Org. Lett. 2007, 9, 1517. (b) Leung,
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Brack, H.; Godoy-Lopez, R.; Willemse, D. J. P. M. U.S. Patent
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isocyanates4b or carbamoylchlorides. There are significant
drawbacks associated withmany of these reagents. Carba-
moylchlorides and isocyanates have limited commercial
availability, whereas phosgene and triphosgene are
highly toxic and highly moisture sensitive making the
process more tedious. Among these 1,10-carbonyldiimida-
zole (CDI) is comparatively mild and themost widely used
reagent. However, CDI is moisture sensitive and is re-
ported to react with water with evolution of carbon
dioxide.9 We observed a complete decomposition of CDI
to imidazole in 10 min at 0 �C. CDI is known to react with
amines to give N-substituted 1H-imidazole-1-carbonyl-
(carbonylimidazolide), which can be converted to urea,
carbamate, or thiocarbamate. Preferred solvents for such
conversions are CH2Cl2, THF, or CH3CN preferably
under anhydrous conditions.9 We have investigated the
same reaction in water and found that CDI, though un-
stable inwater, rapidly reacts with amine to give good yields
of respective imidazole-N-carboxamides (N-substituted
carbonylimidazolide) (Scheme 1). CDImediated amidation
of unprotectedR-amino acids10 and, recently, a solvent-free

CDI mediated amidation are reported.11 However, to the
best of our knowledge, there is no precedence for the
preparation or reaction of carbonylimidazolide in water.
CDI on treatment with the solution of benzylamine in

water at room temperature yielded symmetric urea. The

same reaction when carried out at low temperature (0 �C)
gave N-benzylcarbonylimidazolide (entry 2, Table 1) as a

sole product. Both, primary and secondary amines under-

go “In Water” imidazocarbonylation to give the corre-

sponding carbonylimidazolide. This method was used to

make a number of carbonylimidazolides (Table 1). Inmost

cases theproduct precipitates out from the reactionmixture.

The product could be isolated in pure formby just filtration.

It has been observed that an aromatic amine with a deac-

tivated ring does not undergo this reaction even at elevated

temperature (entries 9 and 10, Table 1). This could be

attributed to the low nucleophilicity of such amines.
The effect of solvent in the preparation of carbonylimi-

dazolide was studied by reacting tetrahydroisoquinoline

with CDI. As shown in Table 2, the reaction goes to

completion within 10 min with water as a solvent, which

is comparatively much faster than the reaction in other

solvents.
Carbonylimidazolides obtained from primary amines

are less reactive as compared to CDI and do not undergo

Table 4. Preparation of Urea by in Situ Generation of Carbonylimidazole in Watera

aCDI (12mmol) was added to the solutionof amine (10mmol) inwater at 0 �Candmonitored byTLC.The reactionmixturewas thenwarmedup to room
temperature. The second amine (12 mmol) was added. The reaction mixture was stirred at room temperature and was monitored by TLC. b Isolated yield.
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further substitution to yield symmetric urea at low tem-
peratures. Carbonylimidazolides obtained from secondary
amines are very stable and does not react further to give
urea, carbamate, or thiocarbamate. The method is there-
fore not suitable for the preparation of tetrasubstituted
ureas, and carbamates or thiocarbamates derived from
secondary amines. Adamantylamine under similar condi-
tions does not react with CDI to yield any product.
In water, hydrogen bonding of imidazole rings and the

carbonyl group of CDI with a water molecule makes the
carbonyl carbon highly electrophilic. Electron densities in
imidazole rings are reduced because ofH-bonding, thereby
increasing the nucleofugality of the imidazole group. In
addition to this, the nucleophilic reactivity of amine is very
high in water compared to organic solvents.12 These
together explain the very high reaction rate of amine with
CDI in water as compared to the rate of decomposition of
CDI in water due to the nucleophilic attack by the water
molecule.
Carbonylimidazolide derived from the primary amine

reacts in situwith anucleophile suchasphenol, thiophenol,
and amine to give the corresponding carbamate (Table 3),

thiocarbamate (Table3), andurea (Table4).Alcohols, thiols,
and electron-deficient amines such as nitrobenzene do not
react with carbonylimidazolide under similar conditions.
In summary, we have developed an “in water” imidazo-

lecarbonylation reaction that provides a highly efficient
and general method for preparing ureas, carbamates, and
thiocarbamates, which essentially removes the usage of
anhydrous solvent and an inert atmosphere. The product
precipitates out from the reaction mixture and can be
obtained in high purity by filtration, making the method
simple and scalable.Water is an inexpensive, nontoxic, and
environmentally benign solvent. In addition, unique reac-
tivities observed in water can be regarded as a paradigm
shift where highly moisture sensitive reagent 1,10-carbo-
nyldiimidazole undergoes “in water” reaction. The results
discussed are unprecedented and add value to the current
knowledge of organic reactions in water.
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