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One-pot synthesis of N,N �-disubstituted acylguanidines
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Abstract—Acylguanidines are isosteres of thioureas (or ureas) and are possible prodrugs of guanidines. A convenient one-pot
synthesis of N,N �-disubstituted acylguanidines from primary amides is described. © 2001 Elsevier Science Ltd. All rights reserved.

We recently required an efficient method for the synthe-
sis of acylguanidines as surrogates of thioureas and
cyanoguanidines. Classically, N,N �-disubstituted acyl-
guanidines are prepared by the reaction of N,N �-disub-
stituted guanidines with various acylating agents.1

However, this procedure usually leads to a mixture of
mono- and multi-acylation products. Alternative meth-
ods involve the stepwise or simultaneous replacement of
both methylthio groups of dimethylthio-N-acyl-
carbonimidate by nucleophilic amines2 or the ring-
opening reaction of 2-acylimino-1,3-thiazetdines.3 All
of these methods require the availability of necessary
starting materials, which are often difficulty to obtain
or involve high temperature and the generation of
noxious mercaptans. More recently, several reports4

have demonstrated that an acylthiourea can be con-
verted to corresponding acylguanidine by the EDCI
(1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydro-
chloride) coupling reaction with an amine.

In a previous paper,5 we reported two one-pot proce-
dures for the synthesis of N,N �-disubstituted sulfamoyl-
guanidines and sulfonylguanidines from sulfamides and
sulfonamides, respectively. Both routes proceed
efficiently under mild conditions and provide excellent
yields of products. In this report, we disclose the syn-
thesis of acylguanidines from primary amides.

Analogous to the synthesis of sulfamoylguanidines5 and
cyanoguanidines,6 we envisioned that the intermediate
acylthiourea anion 2a, generated by the reaction of a
primary amide anion with an isothiocyanate, would
provide a N,N �-disubstituted acylguanidine by the
action of a thiocarbonyl activating reagent and a requi-
site amine (Scheme 1).7 Intermediate 2a (R1=phenyl)
was synthesized from benzamide anion and phenyl
isothiocyanate. The formation of intermediate 2a can
be monitored by LC-MS or TLC analysis, which
showed total conversion of the starting phenyl isothio-
cyanate to 2a in 30 min at 60°C. After cooling to room
temperature, the reaction mixture was treated with
n-butylamine and mercury(II) chloride8 to provide N-
phenyl-N �-n-butyl benzoyl guanidine 3a in 73% yield.
As expected, we also found that EDCI and 2-chloro-1-
methylpyridinium iodide (Mukaiyama’s reagent9) are
also capable of converting intermediate 2a to N-ben-
zoylguanidine 3a in comparable yields (entry a).

To investigate the scope and limitations of these meth-
ods, we have prepared several additional compounds
from a range of structurally different amides and isoth-
iocyanates. Since all three procedures gave comparable
yields, only method B was utilized to carry out the
additional studies. As shown in Table 1, both alkylacyl-
guanidines (entry b) and benzoylguanidines can be

Scheme 1.
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Table 1.

synthesized by these methods. The electron-withdraw-
ing (entry c) and electron-donating (entry d) substitu-
tions on the benzamide are allowed in these reactions,
as is the heterocyclic ring (entry i). Similarly, phenyl
isothiocyanates can tolerate both electron-withdrawing
(entry e) and electron-donating (entry f) substituents.
The yield is lower when 4-nitrophenylisothiocyanate is
used as a starting material; N-n-butyl benzamide is
obtained as a side product. Both hindered amines
(entry g) and anilines (entry h) participate in the reac-
tion to give satisfactory yields.

In conclusion, we have developed three one-pot proce-
dures (Methods A, B and C) for the synthesis of
N,N �-disubstituted acylguanidines from primary amides
and isothiocyanates. The reaction proceeds under mild
conditions and provides excellent yields of N,N �-disub-
stituted acylguanidines.
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