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ABSTRACT

A new series of 3,3'-{alkane-α,ω-diylbis[imino-eth-1-yl-1-ylidene]}bis(6-methyl-2H-pyran-

2,4(3H)-dione) derivatives (3c-e) has been synthesized by the convenient ultrasound-mediated

condensation of a diamine with dehydroacetic acid in the presence of a catalytic amount of

p- toluenesulfonic acid. The structure of all synthesized compounds was elucidated by IR

spectroscopy, 1H NMR spectroscopic spectra, elemental analysis, and mass spectroscopy. A

tautomeric form for the derivatives species is also proposed.

Keywords: Dehydroacetic acid; Schiff base; Condensation; Catalyst; Ultrasound irradiation;

Tautomerism.
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1. INTRODUCTION

3-acetyl-4-hydroxy-6-methyl-2-pyrone 1 (dehydroacetic acid: DHA) and its derivatives
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now constitute an important group of organic products, which are used as food additives [1],

anticoagulants and cosmetic products [2]. It was first prepared by Geuther (1866) from the

acetoacetic ester. Both dehydroacetic acid and its sodium salt are used as fungicides and have

been applied as food preservatives [3]. The DHA condensation reaction with bis nucleophiles

allows interesting heterocyclic compounds derived from pyridopyrimidine, the

thiazolopyrimidine and pyridine [4]. The incorporation of a heterocyclic moiety in pyrones

either in the form of a substituent can alter the biological activity.

Studies on the metal chelates with Schiff base of dehydroacetic acid have been reported due to

their excellent chelating capacity in modern coordination chemistry [5-8]. For decades,

coordination chemistry of Schiff base ligands has been studied. The synthesis of novel Schiff

bases and the research of their physiological activities have become important due to their

anticancer and antimicrobial activities [9,10]. This molecule is very promising because it

presents a complicated set of tautomeric equilibria (see Scheme 2) and consequently high

reactivity (as well as most enamines) towards metal ions.

Our literature investigation confirms that there are no reports on the synthesis of pyran dione

under ultrasound irradiation catalyzed by p-TSA. In this stage, our main approach is to

improvement a green organic reaction methodology, which is moderately faster and cleaner

than conventional reaction. In this paper, we report a novel and efficient method for the

synthesis of a new 3,3'-{alkane-α,ω-diylbis[imino-eth-1-yl-1-ylidene]}bis(6-methyl-

2H-pyran-2,4(3H)-dione) derivatives: 3(c-e) via an efficient condensation of diamine 1 and

dehydroacetic acid 2 in ethanol in the presence of p-toluenesulfonic acid (p-TSA) as catalyst

under ultrasonic irradiation (Scheme 1),
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Scheme 1

2. RESULTS AND DISCUSSION

The preliminary tests of the synthesis of Schiff base derived from primary-diamine with

conventional method indicate that this is not likely to be a useful process (Table 1), probably

due to the low basicity and low solubility of diamine make their condensation with

dehydroacetic acid relatively difficult. Ultrasounds can promote for realizing many reactions

[11-13], most of the effects arise from cavitations [14-15]. In the literature, it is shown that

increase in yield is observed upon condensation reaction using ultrasounds. A large number of

reactions can be carried out in higher yield [6, 16-22]. Consequently, we chose to examine the

effect thereof on the synthesis of Schiff bases.

In the context of this communication, the development of practical and efficient

methodologies for the synthesis of 3, 3'-{alkane-α, ω-diyl bis

[imino-eth-1-yl-1-ylidene]}bis(6-methyl-2H-pyran-2,4(3H)-dione) derivatives 3 is still

gaining interest.
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Table 1. Synthesis of 3,3'-{alkane-α,ω-diylbis[imino-eth-1-yl-1-ylidene]}bis(6-methyl-

2H-pyran-2,4(3H)-dione) derivatives (3a-e) under conventional method with p-TSA as

catalyst

To obtain suitable conditions for the synthesis of 3, 3'-{alkane-α,

ω-diylbis[imino-eth-1-yl-1-ylidene]}bis(6-methyl-2H-pyran-2,4(3H)-dione) derivatives 3,

various reactions conditions have been investigated in the reaction of 1,3-diamino propane 1b,

and dehydroacetic acid (DHA) 2 as a model reaction.

First, we verified the effect of the solvent, the ultrasonic assisted reaction of the aliphatic

diamines and dehydroacetic acid in presence catalytic amount of p-TSA was examined using,

acetonitrile, chloroform, methanol and ethanol as solvent, the results were listed in Table 2.

Chloroform and acetonitrile give moderate yields of the desired product 3a,

Alkane-Diamine Product m.p (°C) Conventional method

Time (h) Yield (%)

Ethane-1,2-diamine 1a 3a 260-262 (265)

[22]

3 60

Propane-1,3-diamin

e
1b 3b 217-219

(214-215) [5]

3 63

Propane-1,2-diamin

e
1c 3c 223-225 3 65

Butane-1,2-diamine 1d 3d 120-121 3 56

2-Methyl propane

-1,2-diamine

1e 3e 204-206 8,5 35
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Table 2. The model reaction catalyzed by p-TSA in different solvents under ultrasound

irradiation

Solvent T  (°C) Time (h) Yieldb (%)

Ethanol 30 1 83

Methanol 30 2,5 74

chloroform 30 3 60

Acetonitrile 30 7 40

aReaction conditions : diamine (10 mmol), dehydroacetic acid (20 mmol) and p-TSA (10mmol), solvent ( 10ml)

and ultrasonic power 180 W, irradiation frequency 40 kHz.

b yields of isolated product 3b.

In addition, the time of reaction is long and the yields were low. However, the reaction using

ethanol as solvent afforded the right result (Table 2). Thus, ethanol was selected as a solvent

for all further reactions. In order to apply this reaction, we have applied the reaction of

aliphatic diamines with dehydroacetic acid under similar conditions

(ethanol/30°C/ultrasound/p-TSA) furnishing the respective 3,3'-{alkane-α,ω-diylbis[imino-

eth-1-yl-1-ylidene]}bis(6-methyl-2H-pyran-2,4(3H)-dione) derivatives in good yields

(Scheme 1). The optimized results are summarized in Table 3. we found that the results were

best in terms of yields for 3(a-d) under same conditions, however, the reaction with diamine

1e required a longer time and the yield of product (3e) notably decreased (Table 3), probably

due to the large steric effect of substituent in diamine. That is to say, steric factors played a

key role in affecting the rates of reaction and the reaction required a larger time [6].



N. Benosmane et al. J Fundam Appl Sci. 2016, 8(3), 826-838 831

Table 3. Synthesis of 3,3'-{alkane-α,ω-diylbis[imino-eth-1-yl-1-ylidene]}bis(6-methyl-2H-

pyran-2,4(3H)-dione) derivatives (3a-e) under ultrasonic irradiation with p-TSA as catalyst

Hence, the reactions times increased considerably and the yields of the products decreased

under conventional reflux conditions. Thus, ultrasonic irradiation was found to have a

favorable effect on the synthesis of

3,3'-{alkane-α,ω-diylbis[imino-eth-1-yl-1-ylidene]}bis(6-methyl-2H-pyran-2,4(3H)-dione)

derivatives which was important compared to the traditional method with respect to yield,

reactions times, simplicity and safety.

The structure and purities of the obtained products (3a-e) were deduced from their elemental

analysis, IR spectrum, 1H-NMR analyses, and mass spectrometry data. As a representative

example, a comparison of the IR spectra of the dehydroacetic acid (DHA) and Schiff base

gives us the proof about the formation of the Schiff base. The main bands in the IR spectrum

of the DHA absorption band at 1659 cm-1 of the acetyl C=O was disappeared in the Schiff

Alkane-Diamine Product m.p (°C) Sonochemical method

Time (h) Yield (%)

Ethane-1,2-diamine 1a 3a 260-262 (265)

[22]

1 80

Propane-1,3-diamin

e
1b 3b 217-219

(214-215) [5]

1 83

Propane-1,2-diamin

e
1c 3c 223-225 1 80

Butane-1,2-diamine 1d 3d 120-121 1,5 85

2-Methyl propane

-1,2-diamine

1e 3e 204-206 4 50
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base, which indicate that the condensation has occurred with the amino groups of diamine.

The IR spectral data of the Schiff base showed characteristic absorption bands at 3451, 1705,

1666, and 1568 which may be assigned to intramolecular hydrogen bonded in ν(NH) (scheme

2), lactone carbonyl ν (C=O), and those at 1666 and 1568 to extra cyclic ν(C=C) [22]. Schiff

base it can be formulated with Keto-Amine structure 3a (II) reported in Scheme 2.

Scheme 2. Proposed tautomeric form of Schiff base 3a

The 1H NMR spectrum of 3a showed characteristic singlet signal at 2,07 ppm assigned to

proton resonances of the methyl group in position 7 and 7’, singlet signal at 2,57 ppm which

might attributed to (2CH3) in position 9 and 9’, multiplet signal at 3,83-3,90 ppm attributed to

(2CH2), singlet signal at 5,7 ppm to proton in the (=C-H) in position 5 and 5’, in addition to a

broad exchangeable signal at 13,8 ppm characteristic of –NH5. Its 1H NMR spectrum in

CDCl3 is very similar to those of other ‘Schiff base’ derivatives of dehydroacetic acid, which

are known to prefer the Keto-amine tautomeric form 3a (II) rather than the enol-iminone [5].

The data described for 3a are analogue to the other derivatives that allowed us to conclude

that we have only obtained 3,3'-{alkane-α,ω-diylbis[imino-eth-1-yl-1-ylidene]}bis(6-methyl-

2H-pyran-2,4(3H)-dione) derivatives 3(a-e).
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3. EXPERIMENTAL

3.1 General

All reagents were purchased from commercial sources and used without further purification.

Ultrasonication was performed in an ultrasound BRANSON 5510 with the frequency of 40

kHz and an output power 185 W, the reaction temperature was controlled by addition or

removal of water from the ultrasonic bath. Melting points were established on a Stuart

scientific SPM3 apparatus fitted with a microscope and are uncorrected. The IR spectra were

recorded on FT-IR (Shimadzu) instrument model 4000 in anhydrous KBr pellets in the range

of 4000-400 cm-1. 1H NMR spectra were recorded in CDCl3 solutions on Bruker Avance 300

(300.13 MHz for 1H) spectrometer. Chemical shifts are reported in parts per million ( , ppm)

using TMS as an internal reference. Mass spectra are obtained with EI. Positive-ion ESI mass

spectra were acquired using a TOF-MS 2 instrument.

3.2 Traditional procedure for the synthesis of 3,3'-{alkane-α,ω-diylbis[imino-eth-1-yl-1-

ylidene]}bis(6-methyl-2H-pyran-2,4(3H)-dione) derivatives (3a-e)

A 100 ml flask was loaded with diamine 1 (10mmol), dehydroacetic acid 2 (20mmol) in

ethanol (30 ml). The mixture was stirred and refluxed for the appropriate amount of time,

after the completion of the reaction verifying by thin layer chromatography (TLC), using a 6:1

mixture of Chloroform/Methanol, the reaction was allowed to cool, and the ethanol was

evaporated under reduced pressure. The crude compounds thus obtained were recrystallized

from ethanol to give pure compounds 3a–e.

3.3 Ultrasound-promoted synthesis of 3,3'-{alkane-α,ω-diylbis[imino-eth-1-yl-1-

ylidene]}bis(6-methyl-2H-pyran-2,4(3H)-dione) derivatives (3a-e)

A 100 ml flask was charged with diamine 1 (10 mmol), dehydroacetic acid 2 (20mmol) and

p-TSA (10 mmol) in ethanol (10 ml). The mixture was sonicated in the water bath of an

ultrasonic cleaner at 30 °C. After the completion of the reaction as indicated by thin layer

chromatography (TLC), using a 6:1 mixture of Chloroform/Methanol, the reaction was

allowed to cool, and the ethanol was evaporated under reduced pressure. The crude

compounds thus obtained were recrystallized from ethanol to give pure compounds 3a–e.
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4.3.1.

3,3'-{ethane-1,2-diylbis[imino-eth-1-yl-1-ylidene]}bis(6-methyl-2H-pyran-2,4(3H)-dione)

(3a). Pale yellow solid, m.p: 260-262 °C (265) [22] (recrystallized from ethanol,

TLC–chloroform: methanol, 6:1, Rf = 0.67); 2,88g (80 %).  IR (KBr, cm-1): 3451, 3053,

1708, 1661, 1571, 1469, 1390, 943, 823, 777. 1H NMR (CDCl3, 300,13 MHz): 2.07 (s, 6H,

CH3, H-6,6’), 2.57 (s,6H, CH3, H-9,9’), 3,83-3,90 (m, 4H, CH2, H-10,10’), 5,7 (s, 2H, =CH,

H-5,5’), 13,8b (s, 2H, NH); MS(EI): m/z 360 [M]+. Anal. Calcd for C18H20N2O6: C 60,00, H

5,55, N 7,77. Found: C 60,17, H 5,57, N 7,17%.

4.3.2.

3,3'-{propane-1,3-diylbis[imino-eth-1-yl-1-ylidene]}bis(6-methyl-2H-pyran-2,4(3H)-dione)

(3b). Pale yellow solid, m.p: 215-217 °C (214-215 °C) [5] (recrystallized from ethanol,

TLC–chloroform: methanol, 6:1, Rf = 0.70); 3,10 g (83 %). IR (KBr, cm-1): 3471, 3068, 1701,

1676, 1573, 1472, 1356, 953, 833, 777 1H NMR (CDCl3, 300,13 MHz): 2.05-2.21 (m, 2H,

CH2, H-10), 2.10 (s, 6H, CH3, H-7,7’), 2.64 (s,6H, CH3, H-9,9’), 3.60 (m, 4H, CH2, H-10,10’),

5.64 (s, 2H, =CH, H-5,5’), 14.43b (s, 2H, NH); MS(EI): m/z 374 [M]+. Anal. Calcd for

C19H22N2O6: C 60,96, H 5,88, N 7,48. Found: C 60,69, H 5,88, N 7,35%.

4.3.3.

3,3'-{propane-1,2-diylbis[imino-eth-1-yl-1-ylidene]}bis(6-methyl-2H-pyran-2,4(3H)-dione)

(3c). Pale yellow solid m.p: 224 °C (recrystallized from ethanol, TLC–chloroform: methanol,

6:1, Rf = 0.61); 2,06g (80 %). IR (KBr, cm-1): 3501, 3033, 1703, 1656, 1561, 1459, 1398, 953,

833, 771. 1H NMR (CDCl3, 300,13 MHz): 1.46 (d, 3H, CH3, H-11) 2.05 (s, 6H, CH3,

H-7,7’), 2.59 (s, 3H, CH3, H-9), 2.57 (s, 3H, CH3, H-9’), 3.65 (t, 2H, CH2, H-10), 4,22 (m, 1H,

CH, H-10’), 5.59 (s, 2H, =CH, H-5,5’), 14.62b (s, 2H, NH); MS(EI): m/z 374 [M]+. Anal.

Calcd for C19H22N2O6: C 60,96, H 5,88, N 7,48. Found: C 60,69, H 5,95, N 7,39%.
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4.3.4.

3,3'-{butane-1,2-diylbis[imino-eth-1-yl-1-ylidene]}bis(6-methyl-2H-pyran-2,4(3H)-dione)

(3d). Pale yellow solid m.p: 120-121 °C (recrystallized from ethanol, TLC–chloroform:

methanol, 6:1, Rf = 0.58); 3,29 g (85%). IR (KBr, cm-1): 3461, 3065, 1708, 1660, 1561, 1459,

1398, 949, 836, 768. 1H NMR (CDCl3, 300,13 MHz): 1.11 (t, 3H, CH3, C2H5), 1,72 (m,

2H, CH2, CH2CH5), 2.09 (s, 6H, CH3, H-7,7’), 2.58 (s, 3H, CH3, H-9’), 2,61 (s, 3H, CH3,

H-9), 3.67-3.74 (d, 2H,CH2, H-10), 3.97-4.05 (m, 1H, CH, H-10’), 5.64 (s, 2H, =CH, H-5,5’),

14.64b (s, 2H, NH); MS(EI): m/z 388 [M]+. Anal. Calcd for C20H24N2O6: C 61,85, H 6,18, N

7,21. Found: C 60,02, H 6,22, N 7,05%.

4.3.5.

3,3'-{2-Methylpropane-1,2-diylbis[imino-eth-1-yl-1-ylidene]}bis(6-methyl-2H-pyran-2,4(3

H)-dione) (3e). White solid m.p: 206 °C (recrystallized from ethanol,

TLC–chloroform:methanol, 6:1, Rf = 0.54); 1,94 g (50 %). IR (KBr, cm-1): 3457, 3059, 1704,

1662, 1565, 1464, 1395, 949, 831, 767. 1H NMR (CDCl3, 300,13 MHz): 1.65 (s, 6H, CH3,

H-11), 2.09 (s, 6H, CH3, H-7,7’), 2.65 (s, 6H, CH3, H-9,9’), 3.7 (s, 2H, CH2, H-10), 5.63 (s,

2H, =CH, H-5,5’), 14.65b (s, 2H, NH); MS(EI): m/z 388 [M]+. Anal. Calcd for C20H24N2O6:

C 61,85, H 6,18, N 7,21. Found: C 61,30, H 6,28, N 6,99%.

4. CONCLUSION

In conclusion, we have found an efficient and practical procedure for the synthesis in very

good yield of

3,3'-{alkane-α,ω-diylbis[imino-eth-1-yl-1-ylidene]}bis(6-methyl-2H-pyran-2,4(3H)-dione)

derivatives from the condensation of a diamine and dehydroacetic acid in ethanol under

ultrasonic irradiation at 30 °C catalyzed by p-TSA. This method is the simplest, convenient

and would be applicable for the synthesis of different types of nitrogen-containing

heterocyclic compounds.
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