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Abstract Amidoximes, obtained from the reaction of nitriles with hy-
droxylamine, underwent Tiemann rearrangement in the presence of
benzenesulfonyl chlorides (TsCl or o-NsCl) to form the N-substituted cy-
anamides. Subsequently, acidic hydrolysis of the cyanamides afforded
the corresponding N-monosubstituted ureas. The synthesis of N-mono-
substituted ureas from nitriles was accomplished by three steps in one
pot, which provides a direct access to versatile N-monosubstituted urea
derivatives from a wide variety of nitriles.

Key words urea, cyanamide, amidoxime, hydrolysis, Tiemann rear-
rangement

Urea is among the most stable nitrogen-containing
functionalities which widely exists in natural substances,1
biological metabolites,2 synthetic reagents or catalysts,3,4

pharmaceutical or agricultural ingredients,5–7 and func-
tional macromolecules.8 Owing to its broad application
prospect, various synthetic approaches for multisubstituted
ureas have been developed and utilized for laboratorial and
industrial preparation.

N-Monosubstituted ureas are of our particular interest
from the synthetic perspective. N-Monosubstituted ureas
have been extensively used as organocatalsts, neighboring
directing groups,9 and, more importantly, N–C–N building
blocks for the synthesis of heterocycles, more complicated
ureas, and other CN2 or CN3 functionalities.10 Nevertheless,
only a limited number of synthetic strategies for N-mono-
substituted ureas have been practically employed in the lit-
erature. The direct alkylation or arylation of urea is a
straightforward approach. But O-alkylation cannot be com-
pletely excluded, and multialkylation or diarylation are of-
ten obtained due to the competing reactions of the mono-
substituted ureas (Scheme 1,A).11–14 The most common ap-

proach to N-monosubstituted ureas is the addition reaction
of primary amines with inorganic cyanate salts under aque-
ous acidic condition (Scheme 1,B).15 Similar approaches in-
volve a nucleophilic addition of primary amines to ureas,
carbamates or thiocarbamates, and extra steps for the re-
moval of protecting groups may be required (Scheme 1,C).16

Other methods include addition of ammonia or ammonia
equivalents to organic isocyanates and hydrolysis of N-sub-
stituted cyanamides (Scheme 1,D and E).5,6,17,18 The meth-
ods depicted in Scheme 1 (B–E) are mutually complemen-
tary since they are all originated from the corresponding
primary amines with multistep manipulations.

Scheme 1  Literature procedures for the preparation of N-monosubsti-
tuted ureas
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In 1891, F. Tiemann reported that N-phenylurea was ob-
tained from the arylsulfonylation of benzamidoxime, which
is known as the Tiemann rearrangement.19,20 The unusual
formation of N-phenylurea dated back to the late 19th cen-
tury has attracted our attention. However, a thorough sur-
vey of literature revealed that the arylsulfonylation of ami-
doximes could lead to diverse reaction outcomes with in-
definite scopes, which substantially limited the synthetic
application of Tiemann rearrangement.19–23 The rearrange-
ment reaction remains lack of practicality for over one cen-
tury until few breakthroughs were recently disclosed.21,22,24

Our previous investigation established that the reaction of
amidoximes with TsCl or o-NsCl under anhydrous condi-
tions afforded exclusively the N-substituted cyanamides in
very good yields.24 The proposed mechanism is sketched in
Scheme 2 (A). The reaction starts with the O-arylsulfonyla-
tion of amidoximes to form the O-arylsulfonyl amidoxime
intermediates. Subsequently, the N–O bond cleavage occurs
with concomitantly R group migration over the C–N bond
to furnish the N-substituted cyanamides. It is noteworthy
that the rearrangement step is mechanistically similar to
several well-known rearrangement reactions, including
Lossen rearrangement, Hofmann rearrangement, and Curti-
us rearrangement (Scheme 2,B–D).

Scheme 2  Proposed mechanism for: (A) Tiemann rearrangement; (B) 
Lossen rearrangement; (C) Hofmann rearrangement; (D) Curtius rear-
rangement

The rearrangement reaction features a broad substrate
scope and provides a viable synthesis of N-substituted cy-
anamide derivatives from corresponding nitriles. We ratio-
nalized that the formation of N-phenylurea from benzami-
doxime originally observed by F. Tiemann was a
consequence from the hydrolysis of the N-phenylcyana-
mide.19,20,23 Thus, we embarked on the investigation to eval-
uate whether the Tiemann rearrangement followed by a
consecutive acidic hydrolysis would be a general and feasi-
ble approach for the preparation of various types of N-mo-
nosubstituted urea derivatives.

A perusal of literature suggested that the hydrolysis of
N-substituted cyanamides to ureas can be achieved under
the catalysis of either Brønsted or Lewis acids.18 We envi-
sioned that the byproducts from Tiemann rearrangement
are arylsulfonic acid and hydrogen chloride. In order to
keep two consecutive reactions in consistent conditions, a
simple diluted hydrochloric acid condition was chosen to
examine the hydrolysis reaction of N-substituted cyan-
amides,6 which would later allow the development of the
one-pot reaction sequence. Therefore, a series of N-substi-
tuted cyanamide derivatives 3, prepared from the nitriles 1
via Tiemann rearrangement,24 were subjected to the acidic
hydrolysis in aqueous ethanolic HCl solution. The results
showed that N-aryl, N-heteroaryl-, and N-alkyl cyanamides
3 could all be hydrolyzed to the corresponding N-monosub-
stituted ureas 4 in good yields (method a in Scheme 3).25,26

We estimated that the byproducts, arylsulfonic acid and
hydrogen chloride, from Tiemann rearrangement should be
adjuvant to the acidic hydrolysis of cyanamides to ureas.
Since there is no need to isolate the N-substituted cyan-
amides 3, a one-pot process from amidoximes to ureas
would be viable. We demonstrated that the amidoximes 2
were subjected to the Tiemann rearrangement conditions
followed by a successive acidic hydrolysis to give the corre-
sponding N-monosubstituted ureas 4 presumably in the
same yields (method b in Scheme 3). Moreover, the reaction
of nitriles 1 with hydroxylamine could afford the amidox-
imes 2 in fairly good yields, which allowed the one-pot re-
action sequence to be further extended. Thus, the prepara-
tion of the N-monosubstituted ureas 4 can be accomplished
by sequential reactions from nitriles 1 in one-pot, starting
from the conversion of nitriles to amidoximes followed by
the Tiemann rearrangement and immediate acidic hydroly-
sis, to give comparable yields (method c in Scheme 3).

In summary, our investigation has provided a facile and
practical synthesis of N-monosubstituted ureas directly
from nitriles via Tiemann rearrangement. The methodology
features a broad substrate scope to achieve a wide variety of
N-aryl, N-heteroacryl, and N-alkyl ureas. Although the hy-
drolysis of individual N-substituted cyanamides remains to
be further optimized, we anticipated that alternative meth-
ods from the literature can also be adopted.6,18 The feasibili-
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ty of the reaction sequence was validated and characterized
step-by-step, and the one-pot protocol has been estab-
lished, which made the historical discovery of F. Tiemann
become a practical approach for the synthesis of N-mono-
substituted urea derivatives.
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NMR (100 MHz, DMSO-d6): δ = 155.6, 136.7, 129.0, 127.4, 122.5,
121.4, 121.1. MS (EI, 20 eV): m/z = 127 (100), 129 (30), 135 (40),
170 (18) [M+], 172 (8) [M + 2]. HRMS (EI): m/z calcd for C7H7-
ClN2O: 170.0247; found: 170.0246.
1,3-Dimethyl-5-ureidouracil (4j)
Mp 254–258 °C. 1H NMR (400 MHz, DMSO-d6): δ = 8.09 (s, 1 H,
NH), 7.84 (s, 1 H), 6.26 (s, 2 H, NH2), 3.29 (s, 3 H, CH3), 3.20 (s, 3
H, CH3). 13C NMR (100 MHz, DMSO-d6): δ = 160.2, 156.5, 149.8,
128.5, 115.0, 70.2, 37.1, 28.4. MS (EI, 20 eV): m/z = 70 (42), 155
(100), 198 (10) [M+]. HRMS (EI): m/z calcd for C7H10N4O3:
198.0753; found: 198.0760.
2-Chloro-3-ureidopyridine (4k)
Mp 210–212 °C. 1H NMR (400 MHz, DMSO-d6): δ = 8.50 (dd, 1
H, J = 8.2, 1.5 Hz), 8.19 (s, 1 H, NH), 7.96 (dd, 1 H, J = 4.5, 1.5 Hz),
7.32 (dd, 1 H, J = 8.2, 4.6 Hz), 6.52 (s, 2 H, NH2). 13C NMR (100
MHz, DMSO-d6): δ = 155.4, 141.5 (CH), 138.5, 133.9, 128.3 (CH),
123.3 (CH). ESI-MS: m/z = 155 (28), 172 (100) [M + 1]. HRMS
(EI): m/z calcd for C6H6ClN3O: 171.0199; found: 171.0201.
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