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a b s t r a c t

A simple and efficient one-pot, three-component synthesis of new trisubstituted ureas containing diaste-
reotopic protons is achieved via the reaction of aromatic aldehydes, aromatic ketones, and dimethyl
cyanamide using a TCS/ZnCl2 reagent mixture at room temperature.
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In multicomponent reactions (MCRs), three or more substrates
react in a single reaction vessel to form new products that contain
structural units of all the components. These types of reactions are
important in organic and medicinal chemistry because they allow
highly sophisticated polyfunctional molecules to be obtained
through simple one-pot procedures. Multicomponent reactions
have been successfully employed to generate highly diverse com-
binatorial libraries for high-throughput screening of biological
and pharmacological activities.1–5 The use of three or more build-
ing blocks in a one-pot, high-yielding multicomponent reaction
leads to a wide structural and functional diversity combined with
excellent combinatorial efficiency. Industrial and academic re-
search has made use of MCR strategies as efficient and cost-effec-
tive tools for combinatorial synthesis.6–8 The development of novel
MCRs is a challenging task since one has to consider not only the
reactivity match of the starting materials but also the reactivity
of the intermediate molecules generated in situ, their compatibil-
ity, and their compartmentalization.9

Urea derivatives have been reported as an important class of
compounds in organic, bioorganic, supramolecular, and medicinal
chemistry.10 A few reports are available on the synthesis of
b-acylureas by reacting amines with phosgene or substituted isocy-
anates10,11 which are considered as highly toxic and unstable mate-
rials. In the present work, we describe a new practical approach for
the synthesis of some novel trisubstituted urea derivatives.

Many reagents have been derived from tetrachlorosilane
(TCS).12 In continuation of our investigations on the synthesis of
novel alicyclic and heterocyclic compounds, and the design of
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novel multicomponent reactions using a binary catalyst derived
from TCS as an in situ reagent,13 we have developed an efficient
protocol for the synthesis of 1,1-dimethyl-3-(3-oxo-1,3-diphenyl-
propyl)urea (4aa) in good yield. The reaction occurs via a
three-component, one-pot reaction between benzaldehyde (1a),
acetophenone (2a), and dimethyl cyanamide (3) using TCS/ZnCl2
in methylene chloride as the solvent at room temperature
(Scheme 1).

As a part of an ongoing study to investigate the optimum con-
ditions for these reactions, we studied the efficacy of the promoter
type, molar ratio, and solvent. The results obtained are summa-
rized in Table 1.

It was found that the best results were obtained by using a
1:1:1:3 ratio of aldehyde, acetophenone, dimethyl cyanamide,
and TCS/ZnCl2, respectively, in CH2Cl2 (Table 1, entry 3). These re-
sults prompted us to explore the potential of this protocol for the
synthesis of various trisubstituted ureas. The results are summa-
rized in Scheme 2 and Table 2.

From the results obtained it was apparent that the reaction time
was shorter and the yield was higher for the one-pot condensa-
tions of aldehydes or acetophenones containing an electron-donat-
ing group (CH3), relative to the unsubstituted reactants. However,
3
Reagents and conditions: i) TCS/ZnCl2, CH2Cl2, r.t.

Scheme 1. Synthesis of 1,1-dimethyl-3-(3-oxo-1,3-diphenylpropyl)urea 4aa.
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Table 1
Effect of promoters and solvents on the yield and reaction time for the one-pot
synthesis of 1,1-dimethyl-3-(3-oxo-1,3-diphenylpropyl)urea (4aa)

Entry Promoter (mmol) Solvent Time (h) Yield (%)

1 TCS/ZnCl2 (10) CH2Cl2 20 50
2 TCS/ZnCl2 (20) CH2Cl2 10 65
3 TCS/ZnCl2 (30) CH2Cl2 6 85
4 TCS/ZnCl2 (30) THF 20 35
5 TCS/ZnCl2 (30) 1,4-dioxane 20 40
6 TCS (30) CH2Cl2 30 20
7 ZnCl2 (30) CH2Cl2 30 15
8 TCS/SnCl2 (30) CH2Cl2 30 45
9 TCS/FeCl3 (30) CH2Cl2 30 32

Ar

O

H Ar' CH3

O Ar'
+

2a, Ar' = Ph-
2b, Ar' = 4-CH3-C6H4-
2c, Ar' = 4-Cl-C6H4-
2d, Ar' = 4-Br-C6H4-

1a, Ar = Ph-
1b, Ar = 4-F-C6H4-
1c, Ar = 4-Cl-C6H4-
1d, Ar = 3-Br-C6H4-
1e, Ar = 2-thienyl
1f,  Ar = naphthyl
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Scheme 2. Synthesis of t

Table 2
Reaction of dimethyl cyanamide (3) with various aldehydes 1 and ketones 2

Entry Aldehyde Ketone Produ

1 1a 2a

2 1a 2b

H3C

3 1a 2c

Cl

4 1a 2d

Br

5 1b 2a

6 1b 2b

H3C

7 1b 2c

Cl
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the presence of electron-withdrawing substituents (Cl, Br) led to
longer reaction times and lower yields (Tables 2).

The structures of the obtained b-acylureas were elucidated by
spectroscopic methods. The IR spectra showed peaks at m = 3396–
3295, 1689–1660, and 1633–1623 cm�1 corresponding to NH,
COCH2, and the urea carbonyl (CH3)2NCONH groups, respectively.
The 1H NMR spectra of the synthesized products revealed singlets
for –N(CH3)2, two double doublets and mutiplet signals for the dia-
stereotopic protons (CH2CH), and broad NH signals. The 13C NMR
spectrum of compound (4ab) showed two characteristic signals
at d = 199.21 for the ketone (CO) and at 144.28 for the urea
[(CH3)2NCONH] carbonyl groups, at 142.31–125.83 for CArH,
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Table 2 (continued)

Entry Aldehyde Ketone Product Time (h) Yield (%)

8 1b 2d
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9 1c 2a
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51.58 for CH2, 43.62 for CHNH, 36.15 for 2CH3 and 21.60 CH3 ppm
(see also the Supplementary data).

In conclusion, the synthesis of b-acylureas containing diastereo-
topic protons in good to excellent yields via the MCR of dimethyl
cyanamide, an aromatic ketone, and an aromatic aldehyde using
a binary reagent (TCS/ZnCl2) and methylene chloride as solvent
has been described.14 The reaction products were characterized
by IR, MS, 1H NMR, 13C NMR, and elemental analysis.

Supplementary data

Supplementary data associated with this article can be found, in
the online version, at doi:10.1016/j.tetlet.2011.01.066.
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