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ABSTRACT

A mild, efficient, and high-yielding method for the synthesis of N,N′-diaryl cyanoguanidines from their corresponding thioureas under microwave-
assisted conditions is described. A series of cyanoguanidines were synthesized containing both electron-donating and electron-withdrawing
substituents. The reactions were facilitated by the use of polar solvents along with moderate temperatures.

The cyanoguanidine functionality is commonly referred to
as a bioisostere of the urea and thiourea moieties. They share
several physicochemical properties such as pKa. The cyano-
guanidine moiety can be found in several biologically active
agents such as cimetidine (1), a histamine-H2 antagonist,1

and pinacidil (2), an antihypertensive (Figure 1).2 Addition-
ally, aryl cyanoguanidines are currently being investigated
as potassium channel activators and inhibitors of insulin
release.3 As a result, there is enormous interest in developing
novel approaches toward their synthesis. The most widely
employed strategy for the synthesis of cyanoguanidines
involves the treatment of diphenylN-cyanocarbonimidate
with an alkyl or arylamine, followed by conversion of the
correspondingN-cyano-alkyl orN-cyano-aryl isourea with
a basic amine, generally, in a sealed flask at high tempera-
tures (Scheme 1). While other methods are known in the
literature4 such as those that take advantage of carbodiimide
or S-alkylisothiouronium salts as intermediates, they often
require harsh conditions and long reaction times and suffer

from poor yields. Furthermore, there is a paucity of effective
methods for the synthesis ofN,N-diaryl cyanoguanidines. In
our attempt to synthesize this type of compounds, most

published methodologies were unsuccessful, even in cases
where the amines were activated using trimethyl-
aluminum.5
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Figure 1. Cimetidine (1) and pinacidil (2).
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Recently, Novak et al.6 reported the synthesis of
N,N′-diphenyl cyanoguanidine in moderate yield. This
method required conversion ofN,N′-diphenyl thiourea to
N,N′-diphenyl cyanoguanidine via the thioether under ex-
tensive heating in the presence of a strong base as a catalyst.
However, there are two major limitations to this approach.
First, it precluded the use of compounds with base-
sensitive moieties. Second, we found that this method was
incapable of synthesizingN,N′-diaryl cyanoguanidines bear-
ing electron-withdrawing groups. Conventional heating of
the reaction for an extended period of time caused decom-
position of the thioether to the aniline before it reacted with
the nucleophile.

Microwave synthesis has received a great deal of attention
in recent years. Several publications7 have shown that
microwave irradiation can circumvent the need for prolonged
heating and generally accelerate the rate of chemical reac-
tions, often with increased yields. This increase in reaction
rate is due in large part to the vast amount of microwave
energy being absorbed by the system as compared with the
required energy necessary to attain the requisite activation
energy.8

Herein, we wish to report a clean, mild, efficient, and high-
yielding procedure under microwave conditions for the
synthesis ofN,N′-diaryl cyanoguanidines, including those
bearing strong electron-withdrawing substituents, which,
to the best of our knowledge, are not known in the literature.

The synthesis of the cyanoguanidines is outlined in
Scheme 2. Phenyl isothiocyanate3 was treated with several
aromatic amines4 in methylene chloride to provide thioureas
5. Upon treatment with methyl iodide and potassium carbon-
ate in acetone,5 was smoothly converted to thioethers6 in
>95% yield. Heating of compounds6 in 2-propanol with
sodium hydrogen cyanamide in the presence of a catalytic
amount of the strong base 1,4-diazabicyclo[2.2.2]octane in
many cases produced no product or poor yields of7 were
obtained. Further analysis of the reaction mixtures revealed
decomposition of6 to substituted anilines and other unidenti-
fied products. However, when the reaction mixtures were

subjected to microwave heating (typically<20 min), efficient
conversion of thioethers6 to cyanoguanidines7 were
observed without any decomposed products.

To explore the full scope and versatility of this method,
various conditions were investigated, including solvent and
temperature variations, and different substituents on the
phenyl rings. Highlighted in Table 1 for compound7a, for
example, is the influence of solvent and temperature on the
reaction yield. It was found that 2-propanol provided the best
yield at 80 °C, although other polar solvents such as
acetonitrile gave moderate yields. Negligible product forma-
tion was observed in methylene chloride and other nonpolar
solvents.

These results are consistent with what is known in the
literature reports, namely, that solvent polarity plays a pivotal
role in nucleophilic reactions. In addition, polar solvents tend
to couple with microwave energy efficiently, thus resulting
in a rapid rise in temperature of the reaction mixture and
accelerated reaction rates.

It is noteworthy that when microwave conditions were
utilized, a cleaner reaction accompanied with higher yields
was observed in the absence of base catalyst.
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Scheme 1. General Synthesis of Cyanoguanidinesa

a When R2 is an alkyl group, a sealed tube is not necessary.

Scheme 2. Synthesis ofN,N′-Diaryl Cyanoguanidines

Table 1. Effects of Solvent and Temperature on the Yield of
7a

T °C 2-propanol CH3CN CH2Cl2

23 77 60 5
40 90 67 7
80 95 78

100 90 80
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As shown in Table 2, a study of the electronic effect with
various substituents on the phenyl rings was conducted.

Under our reaction conditions, electron-donating substituents
readily provided cyanoguanidines in high yields (Table 2,
entry 5). Surprisingly, electron-withdrawing-substituted cy-
anoguanidines were obtained in high yields as well, as
highlighted by nitro-containing7c and 7h, which were
obtained in 86 and 90% yield, respectively. It is worth noting
that Atwal et al.5 had reported 0% yield in their efforts to
synthesize a similar compound. This result is significant since
there is no literature precedent for the synthesis ofN,N′-
diaryl cyanoguanidines bearing electron-withdrawing groups.
Furthermore, the reaction is not limited to arylamines but
can be used with heterocyclic amines such as pyridine (Table
2, entry 6) and thiozole (Table 2, entry 7) as well.

In conclusion, we have described a straightforward and
high-yielding method for the synthesis ofN,N′-diaryl cyano-
guanidines from their corresponding thioethers under mild
conditions using microwave irradiation. This method is
independent of electronic factors and compatible with a
variety of substituent groups.

Supporting Information Available: Experimental pro-
cedures and spectral data for compounds7a-h. This material
is available free of charge via the Internet at http://pubs.acs.org.
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(9) Typical Procedure for the Preparation of Cyanoguanidine.(7a
as an example) Thioether6a (0.5 g, 2 mmol) was dissolved in 2-propanol
(5 mL), treated with NaHNCN (0.16 g, 2.5 mmol), and heated in a
microwave (20 min, powermax, 80°C). The solvent was evaporated, and
the residue was partitioned between EtOAc and H2O. The organic layer
was dried with MgSO4 and filtered, and the solvent was evaporated. Column
chromatography of the residue provided7a in 95% yield.1H NMR (300
MHz, DMSO) δ: 7.01-7.04 (m, 2H); 7.21 (bs, 8H); 9.37 (s, 2H), mp)
198-200 °C. MS (ESI): 235.1 (MH-). Analytical data are in agreement
with literature values.

Table 2. Microwave Synthesis of Cyanoguanidinesa,9

a Reactions were irradiated for 20 min in 2-propanol at 80°C with CEM
Discovery.b Isolated yields.
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