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ABSTRACT: One-pot parallel synthesis of unsymmetrical aliphatic
ureas was achieved with bis(2,2,2-trifluoroethyl) carbonate. The
procedure worked well for both the monosubstituted and
functionalized alkyl amines and required no special conditions
(temperature control, order, or rate of addition). A library of 96
diverse ureas was easily synthesized.
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■ INTRODUCTION

Compounds with a motif of urea have found wide application
in organic, combinatorial, and medicinal chemistry, organo-
catalysis, and material science.1,2 Many drugs (e.g., cariprazine,
hetrazan, sorafenib) and agrochemicals (e.g., cumyluron,
cycluron, tebuthiuron) contain the fragment of urea (Figure
1). Our ongoing research on the urea-based bioactive molecules
focuses on the aliphatic compounds, Alk−N(R)−C(O)−
N(R1)−Alk1 (R, R1 = H, Alk); the saturated carbon atoms
provide more flexibility to the molecule allowing to effectively
explore a chemical space in three dimensions and reduce the
negative effects of the flat “aromatic” fragments (e.g., increasing
solubility, decreasing toxicity).3−9

To generate a library of the Alk−N(R)−C(O)−N(R1)−Alk1
ureas, we chose a parallel synthesis, which allows for preparing
large sets of organic compounds. We then examined existing
synthetic approaches looking for an optimal, cost- and time-
effective method, that would account for the following
requirements to parallel synthesis: (a) one-pot procedure
with an easy purification protocol; (b) moisture stable starting
reagents, which would allow creating highly diverse sets of
compounds; and (c) addition of all components concurrently
and without temperature control. These criteria made most
reported approaches inapplicable for the parallel synthesis:
phosgene,11,12 triphosgene13,14 are toxic reagents; gases CO2,

15

H2
16 are inconvenient in handling; many isocyanates17,18 and

carbamates19,20 are commercially unavailable; highly active 1,1′-
carbonyldiimidazole21,22 and chloroformates23−26 need special
care to prevent formation of the side products (symmetrical
ureas in case of highly nucleophilic alkyl amines or chlorinated
compounds in case of functionalized amines, e.g., amino

alcohols). We therefore focused on the methods utilizing
carbonates, for example, diethyl carbonate, bis(phenyl)
carbonate and bis(p-nitrophenyl) carbonate.27−30 The typical
two-step procedure includes the interaction of a carbonate with
the first amine forming a carbamate, which further reacts with
the second amine to form the urea (Scheme 1). This method
allows for the synthesis of the trisubstituted Alk−N(H)−
C(O)−N(R)−Alk1 ureas because an N,N-disubstituted carba-
mate is not capable of forming the required intermediate.23,30

Initial experiments showed that nonactivated diethyl
carbonate had low reactivity. On the other hand, highly
reactive bis(phenyl) carbonate and bis(p-nitrophenyl) carbo-
nate required dropwise addition and temperature control to
prevent formation of symmetrical ureas. These drawbacks
violated the requirements specified above, thus limiting the
application of these carbonates in the parallel synthesis.
De Aguirre and Collot18 previously reported that the rate of

urea formation from the carbamate depends on the pKa value
of the corresponding alcohol, for example, p-nitrophenol (pKa
≈ 7) > phenol (pKa ≈ 10) > ethanol (pKa ≈ 16). Relying on
this correlation, we proposed an alternative reagent, bis(2,2,2-
trifluoroethyl) carbonate (1). The pKa value of 2,2,2-
trifluoroethanol is ∼12, which is between phenol and ethanol
and provides moderate activity to reagent 1. This feature makes
bis(2,2,2-trifluoroethyl) carbonate a promising substitute to
other carbonates helping to overcome the associated draw-
backs. Herein, we demonstrate a successful application of
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reagent 1 in the parallel synthesis of the unsymmetrical Alk−
N(H)−C(O)−N(R)−Alk1 ureas derived from mono and
functionalized alkyl amines.

■ RESULTS AND DISSCUSION
Bis(2,2,2-trifluoroethyl) carbonate (1) is formed along with
trifluoroethylchloroformate in approximately 1/3 ratio in the

reaction between triphosgene and trifluoroethanol (Scheme
2).26 The reagents can be easily separated by fractional
distillation under atmospheric pressure. Trifluoroethylchlor-
oformate can be converted to reagent 1 by the reaction with
trifluoroethanol in the presence of triethylamine as a base.
To determine and optimize the conditions of parallel

synthesis, we created a diverse library of ureas from primary
and secondary alkyl amines out of our database. We arbitrary
selected amines with variable structural motifs increasing
diversity of the library (Tables S1 and S2, in the Supporting
Information). While selecting amino substrates for the first step
of the procedure (Scheme 3), we omitted the secondary

amines. Then, we conducted 96 parallel reactions [synthesis of
a full combinatorial set (>2700) was beyond the scope of this
work] in a one-pot two-step fashion.
Set-up of several experiments at the same time leads to errors

associated with measuring quantities of starting reagents,
reducing purity of the final product. To decrease effects of
these errors, reagent 1 was added in an excess (1.5 equiv) to the
amine. After completion of the reaction, the unreacted
bis(2,2,2-trifluoroethyl) carbonate was distilled off under
reduced pressure along with the solvent, while crude
trifluoroethyl carbamate remained in the tube. We, however,
found that volatile trifluoroethyl carbamates, derived from
lower amines (methyl-, propyl-, allyl-, etc.), were partially
removed along with the carbonate during the distillation, which
led to decreasing the overall yield. To overcome this problem,
the lower amines were introduced in the second step of the
procedure.
The reaction between the formed alkyl carbamate and the

second amino component required a catalytic base (0.3 equiv of
1,8-diazabicyclo[5.4.0]undec-7-ene (DBU)) to proceed: the
weaker acidity of the NH proton of the alkyl trifluoroethyl
carbamates compared with the aryl derivatives prevents forming
the isocyanate intermediates with the second amine byitself.26

Second step involves extraction with CHCl3 and solvent
evaporation to afford the Alk−N(H)−C(O)−N(R)−Alk1 ureas
in moderate to high yields and high purity. Volatility of 2,2,2-
trifluoroethanol results in removal along with the solvent, which
is another advantage over the phenols. Additional purification
by flash chromatography was performed only in 35% of the
experiments. The impurities (in most cases unreacted amine 3)
were well separated from the product simplifying the
purification (Figures S1−S30, in the Supporting Information).
LC-MS analysis of the crude mixtures also confirmed the
absence of the symmetrical ureas, which supported our
suggestion on higher stability of trifluoroethyl carbamates
compared with phenyl and p-nitrophenyl analogues.
The identities and purities of the synthesized Alk−N(H)−

C(O)−N(R)−Alk1 ureas were confirmed by 1H and 13C NMR
spectroscopy and LC-MS analysis. The representative examples
are shown in Tables 1 and 2, and the full list is given in Tables
S1 and S2, in the Supporting Information.
The proposed approach allows synthesizing ureas from

mono and functionalized amines bearing amino group (entries
1−4, in Table 2), hydroxyl (alkyl and aryl) (entries 5−14, in
Table 2) groups, and pyrazole moieties (entries 15−20, in
Table 2), which are commonly utilized in drug design due to

Figure 1. Drugs and agrochemicals bearing the motif of urea.10

Scheme 1. Preparation of Unsymmetrical Ureas Utilizing
Carbonates

Scheme 2. Synthesis of Bis(2,2,2-trifluoroethyl) Carbonate

Scheme 3. One-Pot Synthesis of Unsymmetrical Aliphatic
Ureas
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their ability to interact with a target protein through formation
of H-bonds or other electrostatic contacts. The average yields
were lower for the ureas synthesized from amino alcohols
(entries 15−38, in Table S2, in the Supporting Information)
and alkyl amino phenols (entries 39−55, in Table S2, in the
Supporting Information) than those for other types of amines.
The proposed method failed in the reactions where 2- or 3-
amino alcohols were introduced as the first amino component,
because of the formation of cyclic carbamates. Condensation of
these alcohols with the trifluoroethyl carbamates in the second
step resolved the issue, as well as showed a potency of
preparing ureas derived from two functionalized amines (e.g.,
entries 6, 11, and 15, in Table 2). The average yields for the
trisubstituted ureas were comparable to those for the
disubstituted; therefore, the catalytic base was the main driving
force in the second step of the reaction.
In conclusion, current study demonstrates the simple and

effective one-pot parallel synthesis of unsymmetrical ureas with
the Alk−N(H)−C(O)−N(R)−Alk1 functionality (R = H, Alk).
The procedure employs bis(2,2,2-trifluoroethyl) carbonate (1)

that smoothly reacts with alkyl amines, requires no special
conditions (temperature control, order or rate of addition), and
demonstrates high regioselectivity to form the trifluoroethyl
carbamates, but not symmetrical ureas. The obtained
carbamates can be further converted to ureas only in the
presence of the catalytic base. The proposed approach easily
gave the diverse library of unsymmetrical ureas derived from
mono- and functionalized amines. Potential limitation of the
approach: interaction of reagent 1 with lower amines or 2-, 3-
amino alcohols, can be resolved by introducing these substrates
in the second step. Understanding the potency of the urea-
based compounds in combinatorial and medicinal chemistry,
we believe that the reported herein procedure allows expanding
variety of saturated compounds with the Alk−N(H)−C(O)−
N(R)−Alk1 functionality.

■ ASSOCIATED CONTENT

*S Supporting Information
Details of experimental procedures, full list of the synthesized
ureas, 1H, 13C NMR, and LC-MS spectra for the selected

Table 1. Representative Examples of Ureas Derived from Monofunctional Amines 2

aIsolated yield.
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Table 2. Representative Examples of Ureas Derived from Amines 2 Bearing Additional Functionality
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synthesized compounds. This material is available free of charge
via the Internet at http://pubs.acs.org.
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Table 2. continued

aIsolated yield.
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