Volume 3, issue 1, (2016), pp. 19-26. Research article

Journal homepage: http://dergipark.ulakbim.gov.tr/jotcsa

Journal of The Turkish Chemical Sociery 0
Secton: A ChemisTry

e-ISSN: 2149-0120

TURKISH
CHEMICAL SOCIETY

SYNTHESIS OF GUANIDINES VIA REACTION OF AMINES WITH
CARBODIIMIDES IN THE PRESENCE OF IONIC LIQUID

Foad Shaghayeghi Toosi*
*Pharmed Medical Industries, Eshtehard Industrial Zone, Iran.

Abstract: Different ionic liquids (ILs) were synthesized and evaluated for the
preparation of substituted guanidines from the reaction of amines and
carbodiimides. 1-methylimidazolium tetrafluoroborate [HMIm]BF, was found to be
the best ionic liquid for this reaction. This IL acted as a promoter for the addition of
primary and secondary amines to carbodiimides. By this efficient approach, various
guanidines were prepared in excellent yields.
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Introduction

The formations of C-C and C-N bonds are among the most important transformations
in synthetic organic chemistry. Substituted guanidines possess a wide range of
interesting and important biochemical and pharmaceutical properties. Moreover,
guanidine derivatives have also been widely used as ligands for various metal
complexes, including those of early transition metals and lanthanides [1]. As a result,
the synthesis of guanidine has been intensively investigated. Among these, addition
of amine N-H bonds to carbodiimides, providing a straightforward and atom-
economical path to guanidines, is a typical one. Additionally, hydroamination of
carbodiimides provides a direct approach to guanidines without the formation of any
byproducts [2-7]. The guanylation of amines without catalyst requires harsh
conditions [7]. However, very few catalysts have been used to promote the catalytic
addition of amines to carbodiimides [8]. In the absence of a catalyst, aromatic
amines do not react with diisopropylcarbodiimide to any detectable degree even with
prolonged heating at 140 °C. The catalytic addition of primary aromatic amines to
carbodiimides was reported by using titanium and vanadium imido complexes to yield
the corresponding guanidines, but secondary amines could not be used in these
reactions, because the catalytic process required the regeneration of a "M.N” imido
moiety [9]. Rare earth metal amido complexes such as lanthanocene amides
(EBI)LNN(TMS), (EBI = ethylenebisindenyl, TMS = trimethylsilyl), cyclopentadienyl-
free rare earth metal amido complexes such as [(Me,Si),N];Ln(I-CI)Li(THF),,
Ln[N(SiMe;),]; have found good catalytic activity for guanylation [2-7]. Recently,
Yb(OTf); [10], AIMe,; [11], SmI, [12] and titanocarborane complexes [13] catalyzed
guanylation of carbodiimides by amines. In fact, although various metal complexes
and organometallic compounds have been reported, there is a clear lack of research
investment in the field of carbodiimide activation and no metal free approach could
be found in the literature, and in particular, the products were easily separated.

On the other hand, ionic liquids have recently received growing attention due to their
tunable features for various chemical tasks and their advantages as reusable
homogeneous catalysts, reaction media, and reagents with “green” aspects. Most
importantly, their non-volatility, high thermal stability, and extraordinary solvent
properties make them green solvents for the chemical industry [14]. These
remarkable properties of ionic liquids (ILs) all serve to facilitate various chemical
transformations when these are used as the reaction media [15]. Also, the high
solubility of many organic and inorganic compounds in room temperature ionic liquids
(RTILs) can, in principle, lead to enhanced rates and improved yields for reactions
[15].
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We are interested in contributing to this field by developing new catalysts,
reactions, and targets. One aspect of our research involves the use of RTILs for novel
reactions, without metal catalysts. The increasing number of structurally diverse
guanidine compounds with biological relevancy highlights a need for new strategies to
address the significant synthetic challenges associated with the introduction and
manipulation of substituted guanidines. To the best of our knowledge, the metal-free
guanylation of aromatic or secondary amines using conventional ionic liquids has not
yet been reported. It would be a novel application of ionic liquids. In this paper, we
wish to report the hydroamination reaction of amines and carbodiimides using the
ionic liquid, [HMIm] [BF,], as a green media which resulted in high yields of product
(Scheme 1). Also, this transformation is carried out without the use of a catalyst.

Experimental Section
Preparation of different ionic liquids: The synthesis of all the ionic liquids has
been carried out using similar method reported in the literature [16].

General procedure for the direct synthesis of guanidines using ionic liquid
[HMIm][BF,]: To a round bottom flask, ionic liquid (1.2 mmol, 0.204 g) was added to
a mixture of N,N-diisopropylcarbodiimide (1 mmol, 0.126 g) and aniline (1 mmol,
0.93 g). The resulting mixture was stirred at room temperature until completion of
the reaction. The reaction mixture was then hydrolyzed with a solution of Na,CO,.
The product was separated as a white solid by filtration and vacuum-dried.

Results and Discussion

The guanylation of morpholine and diisopropylcarbodiimide was selected as the
model for subsequent screening. Ionic liquids were used because of the recent rise in
their application in organic transformation. Ionic liquid can also be synthesized with
relative ease. In our study, we used a series of both protic and aprotic ionic liquids.
As shown in Table 1, the reaction efficiency was significantly influenced by fine-tuning
the cationic and anionic moieties of the ionic liquids. Among the different ILs
examined as the promoter, the protic N-methyl-imidazolium ionic liquid with BF, as
anion exhibited the highest reaction efficiency, as compared to the other ionic liquids.
As summarized in Table 2, there are representative results obtained from
[HMIm][BF,]-mediated reactions among aromatic and aliphatic amines with
carbodiimides at 100 °C. Aromatic amines with either electron withdrawing or
electron-donating groups, all afforded their corresponding guanidine products in
good isolated yields. In addition, aliphatic secondary amines could be also applied. At
the end of the reaction, guanylation products were hydrolyzed with alkaline water
and solid products were separated with filtration.
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Table 1: Guanylation of morpholine and DCC by different ionic liquids at 100 °C.

Entry Ionic Liquid

Time (h) Yield (%)

1 N/A 12 N/A
2 [HMIm][BF,] 6 89
3 [HMIM][NO,] 12 10
4 [TMG][TFA] 12 10
5 [HMImM][TFA] 12 20
6 [TMG][HSO,] 12 40
7 [TMG][Ac] 12 20
, N
R\H_/\_ R
R'R2NH + N=C=N lonic Liquid R%=H
R R 100°C
R' = Alkyl or Aryl R*=Cy, 'Pr Rq“N;RQ
R% ek 3
N” H R2= Alkyl or Aryl

Scheme 1. Addition of amines to carbodiimides by ionic liquid.

Table 2: Reaction of amines with carbodiimides in the presence of Ionic Liquid.

Entry Amine R? Yield (%)@ Time (h)
1 Aniline Cy 96 1
2 4-Methylaniline Cy 94 1
3 4-Bromoaniline Cy 96 0.5
4 4-Chloroaniline Cy 96 1
5 4-Methoxyaniline Cy 90 1
6 2-Nitroaniline Cy 84 1
7 4-Nitroaniline Cy 95 1
8 Benzylamine Cy 80 3
9 Morpholine Cy 89 6
10 Aniline iPr 90 2
11 4-Chloroaniline Pr 80 1
12 4-Bromoaniline iPr 93 1
13 Morpholine iPr 85 5

aYields refer to isolated pure compounds.
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Conclusion

In conclusion, we would like to emphasize that [HMIm][BF,] as a catalyst offers a
straightforward, atom-economic route to synthesis of N,N', N"- trisubstituted
guanidines. [HMIm][BF,] catalyzes the guanylation of carbodiimides without use of
organometallic compounds or transition metal complexes.
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Tiirkce 6z ve anahtar kelimeler

IYONIK SIVI VARLIGINDA KARBODiiMiDLERLE AMINLERIN
TEPKIMESINDEN GUANIDINLERIN SENTEZI

Oz: Farkli iyonik sivilar (IS) sentezlenmis ve aminler ile karbodiimidler arasindaki
reaksiyondan slbstitiie guanidinlerin hazirlanmasinda dederlendirilmistir. Bu
reaksiyonlar sirasinda 1-metilimidazolyum tetrafloroborat [HMIm]BF,, en iyi iyonik
sivi olarak tespit edilmistir. Bu IS, karbodiimidlere primer ve seconder aminlerin
katilmasinda bir destekgi olarak davranmaktadir. Bu etkili yaklasim ile cesitli
guanidinler mikemmel verimlerle sentez edilmistir.

Anahtar kelimeler: Guanillenme, iyonik sivilar, karbodiimid.
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