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ABSTRACT

The reactions of diglycolic acid with anilines were carried out under the catalysis of orthoboric acid. Diglycolic acid is a dicarboxylic acid, it reacts with amine in 1:1 and 1:2 molar ratios, and mono- and diamide products are formed. In order to synthesize monoamides, diglycolic acid and anilines were reacted with different amounts of catalyst and different times. Reactions of diglycolic acid with 8-substituted anilines ware taken at 25 mol% of the starting acid carried out for 5 hours and 12.5 mol% for 10 hours, and monoarylamides were synthesized.
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INTRODUCTION

The study of condensation reactions of diglycolic acid with anilines is important in every respect. On the one hand, since there are two carboxyl groups in the acid molecule, finding the conditions for the synthesis of mono- and diamides reveals important scientific innovations, on the other hand, it creates an opportunity to study the practical significance of the obtained mono- and diamides, like all amide derivatives, compare them with each other, and draw appropriate conclusions. 

Initially the condensation reactions of diglycolic acid with anilines were carried out by azeotropic distillation in a non-polar organic solvent. Since it was not possible to obtain the amide using this method, the most suitable and broadly effective catalysts for these reactions were tested based on data reported in the literature. In the literature, the reactions of various carboxylic acids with amino compounds in the presence of boric acids [1-4], borate esters and various organoboron compounds [5-13] catalysts have been noted as promising methods for the synthesis of amides, which have been used in recent years. It is natural that the use of these catalysts in the reactions of oxycarboxylic acids with amines will serve to improve the synthesis of amides. On this basis, the catalytic activity of orthoboric acid in the condensation reactions of diglycolic acid with amines was studied.

RESULTS AND DISCUSSION
Dicarboxylic acid reacts with amine in 1:1 and 1:2 molar ratios. Initially, diglycolic acid, amine, and orthoboric acid were heated in toluene in a flask equipped with a water trap in 1:1,1:1 molar ratios. The progress of the reaction was monitored by observing the evolution of water in the water trap. When the product was isolated and its purity was checked by the TLC method, two spots were formed. These spots corresponded to the mono- and diamide of diglycolic acid, which was explained by the fact that amidation also occurred at the second carboxyl group due to the large amount of catalyst. Therefore, it is possible to determine the conditions for the synthesis of monoamide by reducing the amount of catalyst, that is by finding the optimal molar ratio.

In order to find the most favorable conditions for the synthesis of monoamide, the following results were obtained when the reaction of diglycolic acid with p-toluidine was initially carried out in a 1:1.1 mol  with different amounts of catalyst and for different times:
In this process, the reaction time was determined by observing the evolution of water in the Dean-Stark, that is, the reaction was stopped when water evolution was no longer noticeable. 

The results show that the product yield increases with increasing catalyst amount, reaction time, and temperature. When 25 mol% catalyst was used relative to the starting acid, the product yield was very close to each other in reactions lasting 5 and 7 hours, and the optimal time under these conditions was 5 hours.

Table 1
Dependence of the yield of 2-((4-Methylphenylcarbamoyl)methoxy)acetic
acid on various factors

	Reaction product
	Mol ratios*
	Time, hour
	Product yield in different solvents, %

	
	
	
	toluene, 
(80 ºС)
	ortho-xylene, 

(144 ºС)

	2-((4-methylphenylcarbamoyl)-methoxy)acetic acid
	1 : 1,1 : 0,5
	3
	47
	63

	
	1 : 1,1 : 0,5
	5
	69
	88

	
	1 : 1,1 : 0,5
	7
	72
	92

	
	1 : 1,1 : 0,25
	3
	44
	61

	
	1 : 1,1 : 0,25
	5
	65
	86

	
	1 : 1,1 : 0,25
	7
	69
	91

	
	1 : 1,1 : 0,125
	5
	34
	45

	
	1 : 1,1 : 0,125
	7
	52
	66

	
	1 : 1,1 : 0,125
	10
	68
	88


*Diglycolic acid : p-toluidine : orthoboric acid. 

At 12.5 mol% of the catalyst, the product yield increased after 5, 7, 10 hours or after 10 hours, and the highest result was achieved at 10 hours. Based on this, the reactions of diglycolic acid with anilines were carried out and the synthesis of monoamide derivatives was achieved (Table 1). 

Monoarylamides were synthesized from reactions lasting 5 hours and 10 hours using 25 mol% and 12,5 mol% of the catalyst, orthoboric acid, relative to the starting acid, according to the following equation. 
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Here Х = H (1), 2-CH3 (2), 3-CH3 (3), 4-CH3 (4), 2-OCH3 (5), 3-OCH3 (6), 4-OCH3 (7), 4-Br (8). 

The results of the reactions of obtaining monoamides of diglycolic acid with anilines under these conditions are presented in Table-2. 

It should be noted that thin layer chromatography of the products obtained under these conditions contained traces of the diamide product, which was considered not to affect the yield of the secondary product due to the very low amount of product formed.

The results of the table show that the yield of the product increases with increasing catalyst amount, reaction time, and temperature. The very small amount of diamides formed as by-products at these catalyst ratios does not affect the yield of the main product and its purification process.
Reactions of diglycolic acid with aromatic amines were carried out under the catalysis of orthoboric acid and arylamides were synthesized with high yield. Based on theoretical data, the participation of the catalyst in the intermediate stage of the reaction was studied and analyzed. According to the results of the analysis, it was shown that the catalyst initially reacts with carbonic acid to form a mixed anhydride, and the acid increases the δ+ value of the carbonyl carbon, as a result of which it facilitates the nucleophilic attack of the amide nitrogen.

Table 2 

The result of the reactions to obtain monoarylamides of diglycolic acid
	Initial aromatic amines
	Mol ratios*
	Time, hour
	Product yield in different solvents, %
	Reaction product

	
	
	
	Toluene, (80 ºС)
	ortho-xylene, (144 ºС)
	Melting point,   °С
	Rf
	t.r.

	aniline
	1 : 1,1 : 0,25
	5
	55
	76
	143-145
	0,15
	1

	
	1 : 1,1 : 0,125
	10
	58
	79
	
	
	

	о-toluidine
	1 : 1,1 : 0,25
	5
	52
	69
	152-154
	0,13
	2

	
	1 : 1,1 : 0,125
	10
	53
	71
	
	
	

	m-toluidine
	1 : 1,1 : 0,25
	5
	58
	80
	135-137
	0,14
	3

	
	1 : 1,1 : 0,125
	10
	59
	81
	
	
	

	p-toluidine
	1 : 1,1 : 0,25
	5
	65
	86
	169-170
	0,12
	4

	
	1 : 1,1 : 0,125
	10
	68
	88
	
	
	

	o-anisidine
	1 : 1,1 : 0,25
	5
	54
	74
	130-132
	0,14
	5

	
	1 : 1,1 : 0,125
	10
	57
	76
	
	
	

	m-anisidine
	1 : 1,1 : 0,25
	5
	47
	63
	118-120
	0,17
	6

	
	1 : 1,1 : 0,125
	10
	48
	65
	
	
	

	p-anisidine
	1 : 1,1 : 0,25
	5
	68
	90
	158-160
	0,11
	7

	
	1 : 1,1 : 0,125
	10
	70
	91
	
	
	

	p-bromaniline
	1 : 1,1 : 0,25
	5
	45
	61
	123-125
	0,12
	8

	
	1 : 1,1 : 0,125
	10
	46
	62
	
	
	


*Diglycolic acid : amine : orthoboric acid. 

The participation of the catalyst, the intermediate stages of the reaction and the formation of intermediate products can be shown by the following reaction scheme: 
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This scheme was proposed to represent the participation of the catalyst in the reaction, which proceeds by the mechanism of nucleophilic substitution at the carbonyl carbon atom. At the end of the reaction, free orthoborate acid is released and, without losing its catalytic activity, participates in subsequent cycles. Therefore, even when the catalyst is taken in small amounts, an increase in the yield of the product is observed with an increase in the duration of the reactions.
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Figure 1. IR spectrum of 2-((Phenylcarbomoyl)methoxy)acetic acid
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Figure 2. IR spectrum of 2-((2-Methylphenylcarbomoyl)methoxy)acetic acid
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Figure 3. IR spectrum of 2-((3-Methylphenylcarbomoyl)methoxy)acetic acid
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Figure 4. IR spectrum of 2-((4-Methylphenylcarbomoyl)methoxy)acetic acid
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Figure 5. IR spectrum of 2-((2-Methoxyphenylcarbomoyl)methoxy)acetic acid
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Figure 6. IR spectrum of 2-((3-Methoxyphenylcarbomoyl)methoxy)acetic acid
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Figure 7. IR spectrum of 2-((4-Methoxyphenylcarbomoyl)methoxy)acetic acid
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Figure 8. IR spectrum of 2-((4-Bromophenylcarbomoyl)methoxy)acetic acid

The IR spectra of the synthesized amide derivatives confirm the formation of an amide bond, as the carbonyl group (C=O) in the amide bond has absorption frequencies characteristic of deformation vibrations at 1733-1681 cm-1, the imino group (N-H) has absorption frequencies at 3201-3140 cm-1, and the ether group (-CH2-O-CH2-) in the amide molecule has absorption frequencies at 3441-3262 cm-1, the methylene group (-CH2-) has an asymmetric absorption at 2974-2901 cm-1 and a symmetrical absorption at 2851-2817 cm-1, the C-N bond has absorption frequencies at 1304-1273 cm-1, and the aromatic ring has an absorption frequency at 1304-1273 cm-1. The observation of intense frequencies at 1612 and 1591 cm-1, characteristic of mono-substituted aromatic compounds, and at 780-698 cm-1, characteristic of mono-substituted aromatic compounds, proves that the reactions resulted in the formation of substituted monoarylamides of diglycolic acid. In addition, the presence of broad absorption frequencies characteristic of hydrogen-bonded OH in the carboxyl group at ν = 3120-2922 cm-1 in the IR spectrum of the reaction products indicates that amidation of one carboxyl group occurred as a result of the reactions, while the second carboxyl group remained free in the molecule (Figure 1-8).

The 1H NMR spectrum of the reaction product 2-((4-bromophenylcarbamoyl)methoxy)acetic acid (8) shows singlet signals of the CH2 group protons at 4.31 ppm. and doublet and triplet signals of protons in different states of the aromatic ring at 7.43-7.55 ppm., confirming that the corresponding monoamide derivatives were obtained as a result of the reactions (Figure 9).
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Figure 9. 1H NMR spectrum of 2-((4-Bromophenylcarbomoyl)methoxy)acetic acid

The spectral results confirm that monoamides are formed from the reaction of diglycolic acid with anilines in a 1:1 molar ratio.

CONCLUSION
As a result of the conducted research, the most convenient methods for obtaining monoarylamides of diglycolic acid were identified. The target products were synthesized in high yields, and their structures were confirmed by spectral methods. In the synthesis of acid derivatives involving one carboxyl group of dibasic carboxylic acids, the product yield increased with increasing catalyst amount, reaction time and temperature.
The reaction of diglycolic acid with eight aromatic amines was carried out for 5 and 10 hours using orthoboric acid as a catalyst in an amount of 25 mol% relative to the starting acid. The structures of the obtained monoamides were confirmed by IR and ¹H NMR spectroscopy.
Experimental section 
General methods
The IR spectra of the synthesized compounds were obtained on KBr tablets on a Perkin-Elmer IR-Fourie System 2000 spectrometer, 1H NMR spectra were obtained on a Unity-400 instrument (operating frequency 400 MHz, internal standard GMDS, δ-scale) in solutions of CCl4+ДМСО-d6, CD3COOD +ДМСО-d6, thin-layer chromatography (TLC) was performed on Sorbfil (Russia), Whatman® UV-254 (Germany) and G60F-254 (Qingdao Haiyang Chemical Co., China) plates, benzene:acetone = 3:1 ratio were used as eluents, UV radiation (254 and 365 nm Spectroline, USA) was used. The melting points of the compounds were measured using Buchi B-540 and Melt-Temp (USA) instruments.
SYNTHESIS OF MONOARYLAMIDES OF DIGLYCOLIC ACID
2-((Phenylcarbamoyl)methoxy)acetic acid (1).

A flask equipped with a water trap (Dean Stark) and reflux condenser was charged with 1.34 g (0.01 mol) of diglycolic acid, 0.155 g (0.0025 mol) of orthoboric acid, 1.023 g (0.011 mol) of aniline, and 20 ml of o-xylene and heated for 5 hours. After the reaction was complete, the o-xylene was distilled off, and the dry residue was recrystallized first from toluene and then from a 40% ethanol-water mixture. 1.659 g (76%) of compound 33 was obtained. Melting point 113-115°C. IR spectrum (KBr, ν, сm-1): 3283 (NH), 1673 (С=O), 3343 (OH), 2929, 2858 (-СН2-), 1139 (C-О), 1234 (C-N), 1598 (C=C aromatic ring). 

2-((2-Methylphenylcarbamoyl)methoxy)acetic acid (2).

In the above method, 1.6125 g (69%) of compound 2 was obtained from the reaction of 1.34 g (0.01 mol) of diglycolic acid and 1.177 g (0.011 mol) of o-toluidine. Melting point 152-154°С. IR spectrum (сm-1): 3126 (NH), 1651 (С=O), 3282 (OH), 2919, 2866 (-СН2-), 1116 (C-О), 1263 (C-N), 1611 (C=C aromatic ring).

2-((3-Methylphenylcarbamoyl)methoxy)acetic acid (3)

In the above method, 1.8696 g (80%) of 3 was obtained from the reaction of 1.34 g (0.01 mol) of diglycolic acid and 1.177 g (0.011 mol) of m-toluidine. Melting point 135-137°C. IR spectrum (сm-1): 2963 (NH), 1682 (С=O), 3249 (OH), 2902, 2868 (-СН2-), 1073 (С-О), 1293 (C-N), 1606 (С=С). 

2-((4-Methylphenylcarbamoyl)methoxy)acetic acid (4)

The above method was used to react 1.34 g (0.01 mol) of diglycolic acid with 1.177 g (0.011 mol) of p-toluidine to give 2.01 g (86%) of compound 4. Melting point 168-170°C. IR spectrum (сm-1): 3291 (NH), 1662 (С=O), 3438 (OH), 2920, 2850 (-СН2-), 1040 (С-О), 1264 (C-N), 1608 (С=С aromatic ring). 1Н NMR -spectrum (400 MHz, CCl4+ДМСО-d6, δ, m.u., J/Hz): 7.54 (2H, d, J= 8.9, Н-3,5), 7.11 (2H, d, J= 8.9, Н-2,6), 4.26 (4Н, s, 2хСН2), 2.73 (3Н, s, СН3). 

2-((2-Methoxyphenylcarbamoyl)methoxy)acetic acid (5)

The above method gave 1.8596 g (74%) of compound 5 by the reaction of 1.34 g (0.01 mol) of diglycolic acid and 1.353 g (0.011 mol) of o-anisidine. Melting point 81-83°C. IR spectrum (сm-1): 3002 (NH), 1676 (С=O), 3559 (OH), 2868, 2720 (-СН2-), 1079 (С-О), 1295 (C-N), 2980 (ОСН3), 1588 (С=С aromatic ring). 1Н NМР spectrum (400 МHz, CCl4+ДМСО-d6, δ, м.у., J/Hz): 7.21-7.52 (4H, m, Н-3,4,5,6), 4.32 (4Н, s, 2хСН2), 3.62 (3Н, s, OСН3). 

2-((3-Methoxyphenylcarbomoyl)methoxy)acetic acid (6)

In the above method, 1.34 g (0.01 mol) of diglycolic acid and 1.353 g (0.011 mol) of m-anisidine were reacted to give 1.5832 g (63%) of 6. Melting point 81-83°C. IR spectrum (сm-1): 3117 (NH), 1655 (С=O), 3376 (OH), 2919, 2741 (-СН2-), 1126 (С-О), 1282 (C-N), 2910 (ОСН3), 1557 (С=С aromatic ring). 

2-((4-Methoxyphenylcarbomoyl)methoxy)acetic acid (7)

In the above method, 1.34 g (0.01 mol) of diglycolic acid and 1.353 g (0.011 mol) of p-anisidine were reacted to give 2.2617 g (90%) of 7. Melting point 81-83°C. IR spectrum (сm-1): 3298 (NH), 1665 (С=O), 3429 (OH), 3067, 2855 (-СН2-), 1040 (С-О), 1263 (C-N), 2921 (ОСН3), 1604 (С=С aromatic ring). 
2-((4-Bromophenylcarbomoyl)methoxy)acetic acid (8)

Using the above method, 1.34 g (0.01 mol) of diglycolic acid and 1.727 g (0.011 mol) of p-bromoaniline gave 1.761 g (61%) of compound 8. Melting point 123-125°C. IR spectrum (KBr, ν, сm-1): 3180 (NH), 1655 (С=O), 3361 (OH), 2930, 2837 (-СН2-), 1071 (C-О), 1256 (C-N), 1538 (C=C aromatic ring). 1Н NМР spectrum (400 МHz, CD3COOD +ДМСО-d6, δ, m.u., J/Hz): 7.55 (2H, d, J= 8.0, Н-3,5), 7.42 (2H, d, J= 8.0, Н-2,6), 4.31 (4Н, s, 2хСН2). 
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