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Abstract: Conditions are disclosed for the formation of either mono- or di-substituted ureas by reductive alkylation, which are
readily adaptable to large scale preparations. Dehydrating agents such as acetyl chloride or trimethylsilyl chloride effectively

promote the condensation of ureas and aldehydes. Reduction of the adducts affords the mono- or di-substituted ureas in high yields.
© 1998 Elsevier Science Ltd. All rights reserved.
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nthesis of substituted ureas

e search for new or
procedures continues unabated, driven by the need for higher efficiency and ecologicai constraints. Recently, a
mild and environmentally benign reductive alkylation method was reported from Merck for the preparation of

N,N'-disubstituted ureas.” This report prompted us to disclose our findings which had been developed
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r keiones in a few publications.” Therefore, we specuiated that substituted

occur between urea and aldehydes
ureas could be obtained via the interaction of urea and aldehydes under proper reducing conditions.

Subjecting urea directly to reductive alkylation with benzaldehyde under conditions typically used for

the aldehyde, and the products consisted of a 3:7 mixture of N-benzylurea and benzyl alcohol. This poor result
was attributed to incomplete formation of the urea/aldehyde adduct. Analysis of a mixture of 4-z-
butylbenzaldehyde and urea by 'H NMR spectroscopy indicated the presence of the equilibrium shown in eq 1.

It is completely reversible with adduct formation being favored at lower temperature.
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[‘qu N CH(NHCONH,), _|
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20°C,2h 56 44
50 °C 65 35
60 °C 75 25
cooled to 20 °C 58 42
We then tested a variety of dehydrating agents to shift this equilibrium to the adduct side. Among those

examined, AcCl, Me,SiCl, C1;SiH and MeSiCLH were found to be quite effective. For example, the
aldehyde/adduct ratio changed to 8:92 with 1 equivalent of acetyl chloride after one hour at room temperature.
The aldehyde was completely consumed in the presence of either AcCl or Me;SiCl, and the alcohol resulting
from direct reduction of the aldehyde dropped to < 5%. The bifunctional reagents, MeSiCLLH and CI,SiH,
serving as both dehydrating and reducing agents, offered comparablie yields in this reductive aikyiation of urea.
However, the product isolation was difficult due to the amorphous silica gel formation. Thus, we chose AcCl

and Me;SiCl for further optimizing the reaction due in part to operational convenience, especially on large
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scale.
the condensation of an amide/carbamate and an aldehyde with a dialkylphosphite en route to an «-

aminophosphonic acid,” and trimethylsilyl chloride has been shown to catalyze the condensation of an amide

The reductive alkylation of mono-substituted ureas appeared faster than of urea (eq 2). Therefore, in
order to achieve optimal selectivity for mono-alkylation, up to 20 equivalents of urea was used.” The excess

rea was easily removed during aqueous workup, allowing pure mono-substituted ureas to be obtained by

recrysiailization
o o
~~ , TMSCVAcOH HzN/Lu’A N N ,\H)L\H,A ~ (60 2)
+ OH + eq
o, SO S LY
NeT T K
molar ratio mono- di-
1 1 38 64
5 1 88 12
20 1 94 6

Good yields of mono-substituted products were obtained for a variety of aromatic aldehydes (Table 1).
Electronic and steric factors seem to have little effect on the reaction. The low yield for benzylurea (entry 5,

Table 1) is due to its high solubility in water. Unfortun:

unsaturated aldehydes (i.e. cinnamaldehyde) and enolizable aldehydes under these conditions.



1109

Table 1: Mono-alkylation of Urea

o]
J + RCHO + TMSCI
HaN™ TNH, RT | R R

Yield (%)*| 82 75 87 75 60 92
a) isolated yields

The reductive alkylation of mono-substituted ureas, giving dialkylated products, is much more facile.
No over-alkylation is observed. Therefore, neither the starting mono-substituted urea nor the aldehyde needs to

1 M 10 A 1 M [ o0 G | ~ 1 1 13 1 1 . M 1~ . | ~ 4 1
be in excess. As shown in Table 2, high yields can be obtained for a wide range of non-enolizabie, non-
conjugated aldehydes and ureas. A symmetrically disubstituted urea is efficiently formed by reacting urea

itself with two equivalents of an aldehyde (entries 7, 8, 9, Table 2).

Table 2: Formation of Disubstituted Ureas:

O O
1 roo » usal —2" [ L e S S
+ R + = RHN™ °N
RHN" “NH, RT |LRHN N‘\R.J RT H
Entry Urea Aldehyde Yield(%)®
o
4 r/\\/\NJLNH" OHC \M 78
' kl H < N \
P
>
F o OMe
3 N\NJ\NHE e = o 85
\)/"\) R N 7
A e
N N =
4 [ 7 N NH OHC— 89
P
4 (o]
5 e one— < 65
- \_ 7\
o
6 PPN N Van
ﬂ NH2 OHC \ / 86
0
7 N oHc—
2 2 \ 85
o
8° qu/u\m-q2 OHCO—é 75
0
-D /u‘\ SN
9 HN™ "NH, OHC—\ 75
/
Fo

a) isolated yields; b) two equivalents of aldehydes were used.
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In conclusion, a highly efficient reductive alkylation method for the formation of mono- and di-
substituted ureas has been found. The presence of a dehydrating agent such as acetyl chloride or trimethylsilyl
chloride is essential for the initial condensation between an urea and an aldehyde. The dehydrating agents used
in this work offer more choices for solvents in which the reductive alkylation is carried out and, thus, promise a
broader scope of the method as compared to the Merck prolocol.3 Further, the simplicity in product isolation

and mild reaction conditions make this method easily adaptable to large-scale preparations.
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