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Abstract: A general synthesis and practical method for the preparation of β-diketimines has been
developed to form the nacnacBn. Three methods using the toluene solvent have been described.
Different factors such as time, catalyst and solvent influence the reaction. Among the reactions,
nacnacBn was the only product obtained.
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INTRODUCTION

The development of polydentate ligands (Valderrama et al., 2001) represents a central feature of modern
synthetic chemistry (Korey et al., 2008) with applications including coordination, supramolecular (Xin et al.,
2006), organometallic and bioorganic chemistry as well catalyst ( Brancatelli et al., 2010) development in areas
as diverse as organic synthesis (Daniela et al., 2005) and alternative energy production (Shu et al., 2004).
β-Diketiminate complexes have been especially popular recently (Muterlec et al., 2007). They served as useful
Schiff base ligands in coordination chemistry for decades (Lu et al., 2009). Because they form a six membered
ring with the metal, coordinate through strongly donating nitrogen atoms. They are excellent chelating ligands
(Leslie et al., 2006), they have been used in a number of applications, including catalysts for polymerization
(Kim et al 2001; Cimarelli et al., 2004; Fedorchuk et al., 2007), alkane and arene activation (Vela  et al.,
2007), hydroamination, carboamination, and hydrodefluorination. They have also been used for stabilization
of CVD precursors, reactive metal-ligand multiple bonds, metal-metal bonds and copper-dioxygen complexes
(Vela  et al., 2007).

There is great interest in β-diketimines synthesis in the past several years (Alexander et al., 2008).
However much of this work has been accomplished, so the parent ligand bisacetyl acetone ethylene diimine
is first prepared by Combes and studied later by schwarzenbach and Litz. The ligand derived from
benzoylacetone and ethylendiamine has been prepared by Frost. Ligand obtained by the condensation of
ethylenediamine and trimethylene diamine with acetyl acetone and trifluoroacetylacetone have been prepared
by Martell Belford and calvin (Alexander et al., 2008).

MATERIALS AND METHODS

Nuclear magnetic resonance spectra (1H NMR and 13C NMR) were recorded on a Varian 300 MHz. All
reactions were run under a positive pressure of nitrogen unless otherwise started. All organic reagents were
commercial products of highest purity.

Preparation of NacnacBn:
Method A: 

A 50mL round bottom flask was charged with 2,4-pentanedione (2.75g, 27.46mmol), P-toluenesulfonic acid
(P-TSOH) (0.52g , 2.74mmol), benzylamine (2.94g, 27.46mmol) and toluene 6mL. The mixture was refluxed
for 16h to give compound 2 in 99% yield. The water formed during the reaction was removed using Dean-
stock. 1H NMR (CDCl3) d ppm 11.16 (s, 1H), 6.30 (m, 5H), 5.03 (s, 1H), 4.44 (s, 2H), 2.01 (s, 3H), 1.89 (s,
3H). 13C NMR (CDCl3) d ppm 195.23, 162.98, 137.92, 128.67, 127.28, 126.51, 95.78, 46.57, 28.82, 18.78.
The reaction was completed in about 45h. The mixture was then extracted with ether, dried over Na2SO4.
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The solvent was removed in vacuo to give only nacnacBn 3 (viscous oil, 98%) derived from acnacBn.
1H NMR (CDCl3) d ppm 7.26 (m, 5H), 4.67 (s, 1H), 4.49 (s, 4H), 1.98 (s, 6H). 13C NMR (CDCl3) d ppm
159.16, 138.85, 126.32, 125.23, 124.40, 93.07, 48.68, 17.64.

Method B: 
To a solution of ethylene diamine (2g, 33.27mmol) was added 2,4-pentanedione ( 6.9g, 66.51mmol), the

reaction was stirred at room temperature for 1h, then refluxed about 30mn to ensure completion of the reaction.
The liquid phase was cooled at 0°C overnight. 

After which the solid was collected then washed three time with hexane to give H2acacen 4 (yellow solid,
89%). 1H NMR (CDCl3) d ppm 10.88 (s, 2H), 4.98 (s, 2H), 3.40 (m, 4H), 1.98 (s, 6H,), 1.89 (s, 6H). 13CNMR
(CDCl3) d ppm 195.34, 162.76, 96.02, 77.41, 76.98, 43.37, 28.74, 18.57.

The desired product nacnacBn was prepared by the reaction of H2acacen (1g, 4.45mmol), (0.95g,
8.91mmol), Benzylamine (0.95g, 8.91mmol) and p-toluenesulfonic acid (1.69g, 8.91mmol) in toluene 6mL and
then the mixture was refluxed with Dean-stock apparatus to remove water for 16h.The resulting  was cooled
to give nacnacBn  (yellow oil, 88%). 1 H NMR (CDCl3) d ppm 7.26 (m, 5H), 4.67 (s, 1H), 4.49 (s, 1H), 1.98
(s, 6H). 13CNMR (CDCl3) d ppm 159.16, 138.85, 126,32, 125.23, 124.40, 93.07, 48.68, 17,64.

Method C: 
To a solution of ethylene diamine (0.31g, 5.29mmol) in 7mL of toluene, were added acnacBn (2g,

10.58mmol) and P-TSOH catalyst (2.01g, 10.58mmol). The reaction mixture was refluxed with Dean-stock
apparatus about 16h to give the desired product nacnacBn 3 as yellow oil in quantitative yield. The presence
of substantial impurities in some cases did not affect the purity of subsequent reaction. 1H NMR (CDCl3) d
ppm 7.26 (m, 5H), 4.67 (s, 1H), 4.49 (s, 4H), 1.98 ( s, 6H). 13C (CDCl3) NMR d ppm 159.16, 138.85, 126.32,
125.23, 124.40, 93.07, 48.68, 17.64.

RESULTS AND DISCUSSIONS

In this paper we describe the development and optimization of the nacnacBn synthesis through three
methods as outlined in figure 1.

Fig. 1: Reagents: (i) P-TSOH, Toluene, Benzylamine, 16h, 99%. (ii) 45h, 98%. (iii) Ethylene diamine. (iv)
P-TSOH, Toluene, Benzylamine, 16h, 88%. (v) Ethylene diamine, P-TSOH, Toluene, 16h, qt yield.

Method A: 
A general synthesis for the preparation of alkyl β-diketimine is reported in the literature (Tang et al.,

2006). The substitution of 2,4-pentanedione using primary alkyl amines (Vela  et al., 2007), only the first
condensation step proceeds were observed (Figure 2). In compound 6, conversion of the carbonyl to an imino
group requires the use of a strong lewis acid. Triethyloxonium tetrafluoroborate reagent, commonly referred
to as Meerwein’s salt, is often used to convert 6 to 7, (Alexander et al.,2008) but this end was unreliable and
produced a mixture of products (Mccarthy et al., 1995). So recent researches have replaced the ET3

+OBF4
- by

the dimethyl sulphate which is a strong electrophile for activating oxygen as a leaving group and has been used
extensively in commercial applications (Özkar et al.,2004).

In this route A, simple and direct procedure for the synthesis of the nacnacBn were reported. The
condensation reaction of 2,4-pentanedione with one equivalent of benzylamine in the presence of the toluene
and a catalytic among PtSOH gave acnacBn after 16h  refluxed reaction in 99% yield . 



Aust. J. Basic & Appl. Sci., 5(6): 1411-1414, 2011

1413

The 1H NMR spectra of acnacBn 2 shows a singlet that integrates to three protons at 2.01ppm and another
singlet that integrates to three protons at 1.89 ppm indicating that only one condensation has been done. The
reaction was then completed at reflux in about 45h. The only desired product nacnacBn was formed as viscous
oil in 98% yield. The 1H NMR spectra of nacnacBn 3 shows a singlet that integrates to six protons at  1.98
ppm which is attributed for to 2-CH3-N, and another singlet that integrates to four  protons at 4.49 ppm which
is attributed for to 2-CH2-aryl.

Fig. 2: General preparation of Alkyl ?-Diketimines.

Method B: 
In this route we first prepared H2acacen by condensation of ethylene diamine with β ketone as previously

reported (Özkar.,2004) H2acacen have been used as ligand for the complex formation with a variety of
transition metals (Özkar e al.,2004) and have found immense analytical applications. 

The bis (acetylacetone) ethylene diamine has been isolated as stable molecule in its protonated form in
good yield, then this ligand was reacted with two equivalent of benzylamine in the minimum presence of
toluene and two equivalent of PtSOH. The mixture was refluxed for 16h to give the desired nacnacBn in 88%
yield. 
Method C: 

The synthesis of nacnacBn was started by treating the corresponding ethylene diamine with two equivalent
of acnacBn in the presence of toluene and two equivalents of Pt-SOH. The mixture was refluxed for 16h to
afford yellow oil in quantitative yield.

This procedure is simple and does not request dangerous or expensive chemicals. These methods reported
here demonstrate the influence of time reactions, solvent and the importance of the use of Pt-SOH as catalytic
reagent at the reaction running and the obtained products.
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