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Transition-Metal Free N-Arylation of Cyanamides by
Diaryliodonium Triflates in Aqueous Media

Jihui Li, Xinyi Zheng, Wei Li, Wei Zhou, Wen Zhu and Yucang Zhang*

An operationally simple protocol is established for the synthesis
of disubstituted cyanamides through the transition-metal free N-
arylation of cyanamides by diaryliodonium triflates in aqueous
media. Both alkyl and aryl cyanamides are well compatible with
the mild reaction conditions. One-pot synthesis of ureas is also
possible through sequential arylation and hydrolysis of
cyanamides, diaryliodonium triflates and H2O with good yields.

Cyanamides have attracted considerable attentions as a class of
versatile organic molecules. They have a wide range of uses in
organic synthetic chemistry1 and coordination chemistry,2 not only
can be building blocks for the construction of diverse N-containing
compounds but also metal ligands with their unique reactivity and
structure of cyanamide unit. Additionally, it has been found that
some cyanamide-based compounds show a diversity of interesting
bioactivities,3 such as anti-cathepsins K and L,3a inhibition of
spontaneous myogenic,3d and peptide activator acitivities.3e It has
also been proved that cyanamide is a natural product present in
higher plant even though the distribution is limited.4 As a valuable
dinitrogen resource, there have been some synthetic methods
developed for cyanamides, which can be divided into these two
categories: i) Conventional electrophilic substitution and
condensation of cyanamide, or nucleophilic substitution of
cyanogen bromide;5 ii) Transition-metal catalyzed transformations
of various starting materials.6 The latter method is an alternative
approach to making a diversity of complex cyanamides by using
easily available starting materials. For example, palladium-catalyzed
three component reactions of aryl isocyanides, allyl methyl
carbonate, and trimethylsilyl azide were developed for the
synthesis of allyl cyanamides and N-cyanoindoles,6a,b a copper-
catalyzed cascade reaction of 1-(2-iodoaryl)thioureas and aryl
iodies was adopted to build 2-arylsulfanylarylcyanamides.6d A

palladium-catalyzed N-arylation of alkyl cyanamides by arylhalides
with bidentate phosphane as ligand was developed for the
synthesis of disubstituted cyanamides (Figure a).6e Moreover, an N-
arylation of aryl cyanamides by diaryliodonium
hexafluorophosphates was also developed more recently, and the
reaction needed to be performed under oxygen free conditions
(Figure b).7

Figure 1. N-Arylation of Cyanamides

Diaryliodonium salts are popular arylating reagents for construction
of C-C, C-O, C-N, C-S, C-Se and C-X (X=halides) bonds with mild
reaction conditions in organic synthesis.8 For instance, the N-
arylations of various N-nucleophiles by diaryliodoniums have been
wildely used for the construction of C-N bonds. In particular, the
transition-metal free transformations which are potentially
environmentally benign synthetic methods, are highly pursued in
the past decades.8c, f, g Moreover, diaryliodonium salts are easily
available, air- and moisture-stable, thermostable, nontoxic and
environmentally benign, and the reactions can generate one
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molecular aryliodide which is also valuable organic intermediate in
arylation reactions.

Recently, we have reported a copper-catalyzed three-component
reaction of cyanamides, boronic acids and amines for the synthesis
of guanidines, where an N-arylation on the terminal nitrogen of
cyanamides by arylboronic acids can be realized, and an N-arylation
on internal nitrogen of cyanamides was found to be a side
reaction.9 As a part of our ongoing research in exploiting
cyanamides as a dinitrogen resource, here, an N-arylation on the
internal nitrogen of both alkyl and aryl cyanamides by
diaryliodonium triflates in aqueous media is reported for making
disubstituted cyanamides under transition-metal free conditions
(Figure 1, c). The arylation of p-tolylcyanamide (1a) with
diphenyliodonium triflate (2a) was initially screened in DMF with
K2CO3 as base at 80 °C without excluding oxygen, producing the
cross-coupling product in 82% yield within 2 h (Table 1, Entry 1).
Then, higher and lower reaction temperatures were evaluated,
inferior yields were all obtained (Table 1, Entries 2-4). Additionally,

Table 1, Reaction Conditions Optimization:a

the reaction only produced trace amount of desired product
without base (Table 1, Entry 5). Other solvents including H2O,
toluene, EtOH, and DMSO were further investigated (Table 1,
Entries 6-10). Pleasantly, a superior yield was produced in water
(Table 1, Entry 6), and the reaction in toluene also afforded
comparable yield (Table 1, Entry 7). Different bases such as K3P04,
Cs2CO3, NaOH, CH3COONa and Et3N were finally explored in H2O, all
the reactions provided inferior yields (Table 1, Entries 11-15). Thus,
the best reaction conditions were K2CO3, H2O, 80 °C, 2 h (Table 1,
Entry 6), and exclusion of oxygen was not required comparing with
the reaction between cyanamides and diaryliodonium triflates.7

The optimized conditions were subsequently applied to various
cyanamides as depicted in scheme 1. p-, m-, o-Tolyl cyanamides all
furnished coupling products with comparable yields (3a, 3b, 3c),
indicating the steric hindrance of the aryl cyanamides was not a
problem for the reactions. The aryl cyanamides with electron-
drawing and -donating groups were both compatible with the
reaction conditions with high yields. For example, p-methoxyphenyl
and p-fluorophenyl cyanamides provided 91% (3e) and 88% (3f)
yields respectively. Gratifyingly, although the aliphatic cyanamides
can be easily hydrolyzed, the reactions of alkyl cyanamides
including linear and cyclic afforded desired products in moderate
yields in water (3h-3j, 3l, 3m); these have not been reported in the
reaction with diaryliodonium hexafluorophosphates.7 Cyclopropyl
cyanamide also produced the corresponding product even only
giving 5% yield (3l), yet t-butyl cyanamide did not produce any
arylation product (3k). The reactions of alkyl cyanamides were also
investigated in toluene for comparison, the results were similar to
that in water but higher yields were obtained, and the cyclopropyl
cyanamide are well compatible with the mild reaction conditions
with moderate yield. It is worth to note that the reaction in a larger
scale also provided the desired coupling product in high yield and
recovered aryliodide with good yield under the same reaction
conditions.10

Scheme 1. Phenylation of various cyanamides:a

The reaction scope was finally extended to other diaryliodonium
salts in the aqueous media. It turned out that both symmetric and
unsymmetric diaryliodonium triflates were fully tolerated with the
reaction conditions, providing good yields (Table 2). For the
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symmetric substrates with electron-rich and -poor aryl groups, the
arylation took place smoothly with similar yields (Entries 1-5); and
the halogen substituents bromide and chloride which can be further
functionalized, were survived under the gentle reaction conditions
(Entries 2, 3). The diaryliodonium salts with ortho substituent (2f)
also produced the corresponding product without reducing the
yield (Entry 4). In accordance with other N-nucleophiles,8b, c the
aryltransfer of unsymmetric diaryliodonium triflates onto
cyanamides generally preferred the electron-poor aryl groups to
the electron-rich under transition-metal free conditions, and the
selectivities are strongly depended on the gap of the electron
density between two aryl groups, which should become better as
the gap grows.8a, 11 For instance, the electron-poorer phenyl of
phenyl(p-t-butylphenyl)iodonium (2g) and phenyl(p-
acetylaminophenyl)iodonium (2h) is more easily transferred onto
cyanamide rather than the other aryl groups (Entries 6, 7).
Acetylamino was well compatible with the mild reaction

Table 2. Arylation of p-tolyl cyanamides:a

conditions, as product 4c and byproduct N-(4-
iodophenyl)acetamide were formed. The treatment of p-
tolylcyanamide by phenyl(p-nitrophenyl)iodonium triflate (2i)
mainly produced the p-tolyl(p-nitrophenyl)cyananmide (4d) in high
yield (Entry 8); similarly, phenyl(2-thiophenyl)iodonium triflate (2j)
afforded an excellent selectivity (Entry 9). Unexpectedly, the
electron-poor p-iodophenyl of phenyl(p-iodophenyl)iodonium
triflate (2k) is not a preferable transferred group in the reaction
(Entry 10), the reason for this discrepancy is unclear at this stage.
This indicates that the iodo group is well accommodated with the
reaction conditions. Considering the steric hindrance of substrates
may be a factor affecting the aryltransfer selectivity.8b, 12 The
reactions of (2,5-dimethylphenyl)phenyliodonium triflate (2l) with
both p-tolyl and o-tolyl cyanamides were evaluated. The treatment
of 2l by p-tolylcyanamides provided mixture products with 1.2/1
ratio of phenyl(p-tolyl)cyanamide/(2,5-dimethylphenyl)p-
tolycyanamides (3a/4a) (Entry 11). However, the reaction of 2l and

o-tolyl cyanamides produced more 2,5-dimethylphenylation
product than phenylation product with goods yields, which shows a
ortho-effect (3d/4g=1/1.5) (Entry 12).8c These results suggest that
the steric hindrance of cyanamides plays a significant role on the
chemoselectivities for unsymmetric diaryliodonium salts with steric
hindrance aryl group, which may due to the accelerated reductive
elimination between both bulky cyanamide and bulky aryl groups
via a T-shape intermediate.

As ureas are wildly distributed in pharmaceutical candidates 13and
pesticides,14 the hydrolysis of cyanamides was explored to make
ureas. The reaction was briefly investigated as Scheme 2-a, the
treatment of the disubstituted cyanamides by water in toluene,
which promoted by trifluoroacetic acid, delivered the hydrolysis
product ureas with good yields. The phenyl(p-tolyl) cyanamide and
benzyl(phenyl) cyanamide both afforded desired N,N-disubstituted

Scheme 2. The synthesis of ureas.

ureas which can be the precursors of bioactive benzimidazolones
(Scheme 2-a, 5a, 5b). One-pot synthesis of ureas can also be easily
realized by combination of N-arylation and subsequent hydrolysis
with good yield (Scheme 2-b).

In summary, a transition-metal free N-arylation of cyanamides with
diaryliodonium triflates has been developed for the synthesis of
disubstituted cyanamides with good yields. The reaction shows a
general reaction scope, the aromatic and aliphatic cyanamides are
both well compatible with the mild aqueous reaction conditions.
Diaryliodonium triflates including symmetric and unsymmetric are
all working well, and generally the electron-poorer aryl groups are
the preferentially transferred groups for the unsymmetric
diaryliodonium triflates, the steric hindrance of both substrates is
also an important factor for the reaction chemoselectivities. In
addition, the disubstituted cyanamides can be easily hydrolyzed to
valuable N,N-disubstituted ureas, and the N-arylation of
cyanamides and subsequent hydrolysis can be combined into one-
pot procedure with good yields. The mild transition-metal free
aqueous conditions and eco-friendly feature of dirayliodonium salts
will make this method attractive. Further exploration of N,N-
disubstituted ureas for the synthesis of bioactive heterocycles is on
progress and will be detailed in the future.
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