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Bromodimethylsulfonium bromide (BDMS) was found to be a very efficient reagent for Lossen rearrange-
ment of hydroxamic acids to the corresponding isocyanates which were subsequently trapped in situ
with various amines to afford unsymmetrical ureas in good to excellent yields (64–89%). The protocol
is experimentally simple, mild, and represents valuable alternative to the existing methods for in situ
activation of hydroxamic acids promoting Lossen rearrangement.

� 2012 Elsevier Ltd. All rights reserved.
Unsymmetrical urea derivatives have attracted significant inter-
est due to their extensive applications in agriculture, petrochemi-
cals, pharmaceuticals, and biology.1 For example, Diuron (A) is a
commercially accessible herbicide primarily used to eradicate
weeds on hard surfaces (Fig. 1).2 Structurally simple urea (B), pos-
sessing a morpholine ring, has displayed very effective role in the
treatment of chronic myelogenous leukemia.3 Similarly, substi-
tuted urea (C) proved to be a potent HIV-1 protease inhibitor4

and (D) a receptor tyrosine kinase (RTK) inhibitor (Fig. 1).5 Urea
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derivatives also impart important function in organic synthesis as
intermediates and bifunctional organocatalysts.6

The synthesis of urea derivatives traditionally requires reagents
based on either phosgene7 and phosgene surrogates,8 or starting
directly from isocyanates.9 These approaches are particularly com-
petent for symmetrical urea derivatives. However, phosgene and
isocyanates are noxious, unstable, and require special care for
handling. In this regard, direct utilization of in situ-generated iso-
cyanates offers a convenient entry into urea derivatives, especially
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Scheme 2. A plausible reaction pathway for Scheme 1.

Table 1
Optimization of reaction conditions for the synthesis of unsymmetrical urea via
BDMS-promoted Lossen rearrangementa

N
H

OH

O

1. BDMS, Solvent, Base

2. 4-MePhNH2, 9 h

H
N

H
N

O

1a
5a 6a

Entry Solventb Basec Temp (�C) Yieldd (%)

1 DCM NMM Reflux <20
2 Toluene NMM 80 45
3 THF NMM Reflux 72
4 EtOAc NMM Reflux 48
5 CH3CN Pyridine 80 74
6 CH3CN DIPA 80 71
7 CH3CN DIPEA 80 80
8 CH3CN TEA 80 70
9 DCE NMM 80 89

10 CH3CN NMM 80 74
11 DCE NMM 40 28

12e DCE NMM 80 64f

13 DCE NMMg 80 36

a Reaction conditions: 1a (1 mmol), BDMS 2 (1.3 mmol), base (2.6 mmol), 5a
(1.2 mmol). For experimental details, see Ref. 18.

b 2 mL was used.
c Base was added at 0 �C.
d Yields of the isolated pure compound.
e BDMS (1.0 mmol) was used.
f Self-condensed diphenylurea was also isolated in 27% yield.
g NMM (1.3 mmol) was used.
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the more synthetically challenging unsymmetrically substituted
ureas.10

The Lossen rearrangement basically involves the conversion of
an O-activated hydroxamic acid into the corresponding isocyanate
intermediate. Ensnaring of the isocyanate intermediate with appo-
site amines provides the derivatives of urea. However, the Lossen
rearrangement has received comparatively little attention as a
general synthetic method since its original publication.11 The rea-
sons for its limited use appear to be associated with complicated
experimental procedure and the competing formation of self-
condensation byproducts has been partially addressed by
ingenious innovations.10b,12 Thus, development of an alternative
method circumventing such limitations should be welcomed
among chemical communities. To overcome the dimerization13

associated with the classical Lossen rearrangement, it would be
desirable to initiate the rearrangement on the ‘activated
O-hydroxamate’, after the complete consumption of the hydroxa-
mic acid. Thus, the quest for reagents which activate hydroxamic
acids via the formation of ‘activated O-hydroxamate’ under mild
conditions is ongoing and there is wide scope for developing novel
methods utilizing mild and efficient methodology.

Bromodimethylsulfonium bromide (BDMS), first explored by
Meerwein,14 is a very inexpensive commercially available and
easily manageable reagent with intriguing properties making its
execution exceedingly attractive in organic synthesis.15 This com-
pound can act either as a source of molecular bromine or bromoni-
um ions, or bromine radicals or bromide ions as well as dehydrating
agent.15a,16 Interestingly, in most of these cases the use of BDMS of-
fered advantages compared to other classical methods in terms of
cost, yield, and mildness. Thus, in the light of these results, sighting
new applications for BDMS in organic synthesis are of interest.
Herein, we report a simple and efficient process for the synthesis
of unsymmetrical urea derivatives employing BDMS as a proficient
promoter for Lossen rearrangement (Scheme 1).

Recently, our research group has illustrated the utility of BDMS
in hydroxyl group activation of oximes via formation of O-
activated oximates intermediate leading to the synthetic nitriles
and amides.16 These reports and our recent study17 toward reac-
tions involving migration to electron-deficient nitrogen atom have
prompted us to investigate the possible use of BDMS as a reagent
enabling the Lossen rearrangement directly from commercially
available hydroxamic acids 1 via the formation of O-activated
hydroxamate intermediates 3 to afford isocyanates 4. These isocy-
anates could be easily captured in situ with appropriate amines 5
to give unsymmetrical ureas 6 (Scheme 2).

Initially, a pilot reaction was performed to synthesize 1-phenyl-
3-p-tolylurea 6a from commercially available benzhydroxamic acid
1a and p-tolylamine 5a chosen as model substrates and optimizing
the general procedure with respect to solvents, bases, and reaction
conditions. Thus, benzhydroxamic acid 1a was treated with BDMS
2 in the presence of different bases in various organic solvent fol-
lowed by the addition of p-tolylamine 5a and the progress of the
reaction was monitored by TLC. The experimental data for screening
conditions are compiled in Table 1. To our amazement, we observed
rapid and selective access to 1-phenyl-3-p-tolylurea 6a from ben-
zhydroxamic acid 1a (1 mmol) and p-tolylamine 5a using BDMS
(1.3 mmol) and NMM (2.6 mmol) in DCE at 80 �C (Table 1, entry 9).
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Scheme 1. Synthesis of unsymmetrical ureas utilizing BDMS.
The above reaction condition was appropriate for the rearrangement
and successive trapping of isocynate intermediate 4a with amine 5a
because when lowering the reaction temperature from 80 to 40 �C
and decreasing the amount of BDMS and NMM, the yield of 6a was
noticeably reduced (Table 1, entries 11–13).

Having established the optimized reaction conditions, the gen-
erality and scope of the protocol were demonstrated across a range
of hydroxamic acids 1 and amines 5 to access various unsymmet-
rical urea derivatives (Table 2). As evident from Table 2, both aro-
matic and aliphatic hydroxamic acids were equally applicable to
undergo Lossen rearrangement and ensuing reaction with amines
either aromatic or aliphatic in nature. Electron-rich aromatic
hydroxamic acids afforded the desired products in relatively high
yield in short time as compared with aromatic hydroxamic acids
bearing electron-withdrawing group (Table 2, entries 14–17). This
observation is in accordance with the expectation that the rate of
rearrangement would be proportional to the electron density on
the migrating group.19



Table 2
Synthesis of unsymmetrical ureas 6 via BDMS-promoted Lossen rearrangementa

R1 N
H

OH

O
1. BDMS, NMM

2.

DCE, 0 ºC to 80 ºC

1 5
6

HN
R2

R3

H
N N

O

R1 R3

R2

Entry Hydroxamic acid 1 R1 Amine 5 Productb 6 Time (h) Yieldc (%)

1 Ph

NH2 H
N

H
N

O

9.0 89

2 Ph

NH2 H
N

H
N

O

8.5 86

3 Ph
O

NH2 H
N

H
N

O
O

8.0 85

4 Ph

NH2

Cl

H
N

H
N

O
Cl

9.5 72

5 Ph

NH2

Cl

H
N

H
N

O
Cl

9.0 78

6 Ph

NH2

Cl

H
N

H
N

O

Cl

9.5 77

7 Ph

NH2

O2N

H
N

H
N

O
NO2

12 72

8 Ph

NH2

F

H
N

H
N

O
F

9.5 70

9 Ph

NH
N

H
N

O

7.0 74

10 Me

NH2
H
N

H
N

O

8.0 83

11 Cyclohexyl O

NH H
N N

O

O
9.0 80

12 tBu O

NH
H
N

O

N

O

9.0 80

13 Ph

NH2 H
N

H
N

O

8.5 78

14 4-MeC6H4
O

NH
H
N

O

N

O

7.5 84
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Table 2 (continued)

Entry Hydroxamic acid 1 R1 Amine 5 Productb 6 Time (h) Yieldc (%)

15 4-MeOC6H4
O

NH
H
N

O

N

O

O

7.0 87

16 4-ClC6H4
O

NH
H
N

O

N

O

Cl

14 71

17 4-NO2C6H4

O

NH
H
N

O

N

O

O2N

18 64

a See Ref. 18 for general procedure.
b All the products are known compounds10,12 and were characterized by comparison of their mp and spectral data with those of reported in the literature.
c Yields of pure isolated products after column chromatography.
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In outline, we have exposed the efficacy and generality of bro-
modimethylsulfonium bromide (BDMS) as a versatile reagent pro-
moting Lossen rearrangement at moderately low temperature. This
procedure could be useful in order to avoid the safety problem of
phosgene-based7,8 approaches for the in situ preparation of isocy-
anates and their ensuing reaction with amines. Additionally, the
prominent features of the present protocol are the simple opera-
tion, ready accessibility of the reagent, its cost effectiveness, and
higher yields in relatively short reaction times. Thus, this method-
ology for Lossen rearrangement would be a practical alternative to
the existing protocols for the synthesis of N,N0-disubstituted
unsymmetrical ureas.
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