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Abstract. Oxalic acid plays a very important role in the life of plant organisms. In addition, its
salts and amide derivatives also have growth-stimulating properties. In this work, we show
the results of research in the field of synthesis of amide derivatives of oxalic acid, and also
investigated their growth properties using the example of some agricultural crops. Have found that
the mono amide of oxalic acid has a stronger effect on the growth of pea seeds compared to
the disubstituted amide of this acid. Thus, we can conclude that salts and amide derivatives of
oxalic acid have a pronounced regulatory property during the ripening of pea and corn seeds. In this
regard, they have been recommended as growth stimulants for these plants in agricultural practice.

Annomayus. 1llaBeneBas KHUCIIOTa WIpaeT OYEHb BaXKHYIO pOJIb B IKU3HEICATEIbHOCTH
pacTUTENbHBIX OpraHu3MoB. Kpome Toro, ee comum ¥ aMuJHbIe NMPOU3BOJIHBIE TaKXke 00JaJar0T
CTUMYIUPYIOIIUMHU  POCTOBBIMU CBOMCTBaMM. IToxazansr PE3YIbTaTbl CHUHTC3a aMUIHBIX
IIPOM3BOAHBIX ILABEIEBOM KHCIOTHI, a TAK)K€ HUX POCTOBBIE CBOICTBA HAa NPUMEPE HEKOTOPBIX
CEJIbCKOXO3SIIICTBEHHBIX KYJIBTYp. YCTaHOBJIEHO, YTO MOHOAaMHJ| IIABEJIEBON KHCIOTHI OKa3bIBAET
OoJsiee CUIIBHOE BIMSHUE HA POCT CEMsH ropoxa [0 CPABHEHUIO C JU3aMEILEHHBIM aMUAO0M ITOH
KHCIIOTHI. Takmm o6pa30M, MOXXHO 3aKJIIOUUTh, YTO COJM W aMHUAHBIC TPOWU3BOAHLIC HIaBGJ'IeBOI\/'I
KHUCJIOTHl 00JaJaloT BBIPAXXKEHHBIM PETYISATOPHBIM CBOICTBOM NpU CO3PEBAaHHM CEMSH ropoxa U
KYKypy3bl. B CBSI3UM C 3TUM OHM PEKOMEHIOBAHBI B KAUE€CTBE CTUMYJISTOPOB POCTA ITUX PACTCHUN B
CEJIbCKOXO035IMCTBEHHOM IIPAKTHKE.
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Oxalic acid is the simplest representative of dibasic aliphatic acids and has all the properties
of the latter.
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oxalic acid

This acid easily forms amides and salts, both partial and complete salts and amides:
COOH-COOH + 2 Na — NaOOC-COONa + H,

Oxalic acid is capable of reacting with ammonia when heated in an acidic environment to
form oxamide and water:

COOH-COOH + 2 NH3 — NH,— CO — CO —NH; + 2H,O0.

At insufficient temperature, the reaction may proceed differently and leads to the formation of
ammonium oxalate:

COOH-COOH + 2 NH3 — NH4 — CO — CO — NHy4

In this work, we review the results of research in the field of synthesis of amide derivatives of
oxalic acid, and also show the main areas of application of these compounds. Thus, in works [1, 2] a
new method for the preparation of oxalic acid esters and amides with a substituent of various
chemical natures is described and it is shown that these compounds have many industrial
applications, mainly as intermediates and stabilizers in the field of polymers.

Another patent [3] proposes a method for producing oxalic acid amide esters and their salts,
which includes the following stages: introducing a certain amount of ammonia gas into low-
temperature anhydrous ethanol to obtain an ethanol solution of anhydrous ammonia; and reacting an
ethanol solution of ammonia used as an aminolysis agent with diethyl oxalate (or dimethyl oxalate)
to produce oxalic acid amide ethyl ester (or oxalic acid amide methyl ester). This method has great
economic benefits, can greatly improve product quality, and meet stringent product quality
requirements in fields such as biochemical reagents and the like.

Patent [4] describes a method for producing amidoesters of oxalic acid, and patents [5, 6]
propose a composition suitable for use as a friction modifier for an automatic transmission,
containing a bis-amide or amide ester of oxalic acid containing at least two hydrocarbyl groups with
a number of carbon atoms from 12 to 22.

Oxalic acid monoamides are of interest as bioisosteric replacements of phosphate groups in
the creation of new enzyme inhibitors [7]. In this work, the authors demonstrated the use of oxalic
acid as a Wang resin linker for the synthesis of single or series of phosphate biosters. The highly
reactive acid chloride bound to the resin reacts with arylamines to form resin-bound N-aryloxamic
acids (oxanilic acids). This methodology is particularly useful for the rapid synthesis of 2-
(oxalilamino)benzoic acids (OBAs) as it can be used to synthesize libraries and eliminates the
intermediate purification step required in solution-phase reactions. The products are cleaved from
the resin with trifluoroacetic acid in dichloromethane in good yields.
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The synthesis and study of the areas of application of oxalic acid amides were also considered
in [8, 9].

In [10] presents a stable new synthesis of oxalamides by the acceptorless dehydrogenation of
ethylene glycol with amines to form H2, homogeneously catalyzed by a ruthenium chelate complex.
The reverse hydrogenation reaction is also carried out using the same catalyst. A probable reaction
mechanism is proposed based on stoichiometric reactions, NMR studies, X-ray crystallography, and
the observation of probable intermediates.
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Research has also been devoted to the synthesis of oxalic acid amides [11, 12].

The patent [13] proposes a method for protecting organic materials that can be damaged by
ultraviolet light from exposure to ultraviolet rays, characterized in that an oxalic acid amide ester is
included in or applied to the surface of the protected materials. or a filter layer containing oxalic
acid amide esters is placed in front of these materials.

Crystalline salts of oxalic acid stearamide, oleamide and elaidamide, consisting of 2 mol
amide per 1 mol oxalic acid, were prepared and characterized using melting points, as well as IR
and X-ray diffraction measurements [14]. Their IR spectra are compared with the spectra of amides.
Long distances are reported for crystalline salts, as well as long and short distances for these amides
and linoleamide.

It has been reported [15] that a-hydroxyamides are an important class of compounds found in
natural products and bioactive molecules of drug candidates. In this work, the authors report a
simple and direct approach to these compounds through the decarbonylation/decarboxylation of
oxalic acid during a three-component Passerini reaction under solvent-free conditions under
microwave heating. This very convenient procedure provides the title compounds via a possible
concerted intramolecular decarbonylation/decarboxylation from an a-acyloxyamide intermediate.
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In [16], amides of succinic and oxalic acids were synthesized based on their reaction with
monoethanolamine in molar ratios of 1:1 and 1:2. IR spectra of the resulting substances were
obtained, their structure was determined and confirmed, and physicochemical properties were
studied. 10% aqueous solutions of these substances were prepared, their physicochemical properties
were determined, and their bactericidal properties were studied. The bactericidal effectiveness of
succinic acid N-monoethanolamide was 82.9% at a concentration of 25 mg/l, 88% at a
concentration of 50 mg/l and 95% at a concentration of 100 mg/l. The bactericidal effectiveness of
N1,N;-succinic acid bis-monoethanolamide was 69% at a concentration of 25 mg/L, 83.2% at a
concentration of 50 mg/L and 90% at a concentration of 100 mg/L. The bactericidal effect of oxalic
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acid N-monoethanolamide was also studied: 82% at a concentration of 25 mg/l, 91% at a
concentration of 50 mg/l and 97% at a concentration of 100 mg/1.

Thus, from the above analysis of research results, we can conclude that amide derivatives of
oxalic acid have a wide range of applications.

Among these areas, special mention should be made of the use of oxalic acid and its
derivatives as plant growth regulators. In this direction, results were previously shown that
described the stimulating properties of this acid and its functionally substituted derivatives. Thus, in
works [17,18] it is noted that oxalic acid and its derivatives play an important role in the regulation
of plant growth and development and participate in reactions that affect both biotic and abiotic
stresses.

[19] collected and developed data indicating that calcium oxalate plays a significant and
previously unanticipated role in the biochemistry of the extracellular matrix (ECM) of higher plants.
Germine, long known as a protein marker of early growth in germinating wheat and later known as
ECM protein, has been shown to be an oxalate oxidase. Dissolution of calcium oxalate and germin-
induced degradation of the resulting soluble oxalate can lead to the release of Ca*" and H,0,, which
are known to play a central role in ECM biochemistry in higher plants. The discoveries about
oxalate as a source of H,O, complement Warner's current understanding of the central role of H,O,
in the development, differentiation, vascularization and signaling processes of higher plants.

germin

It has been shown [20] that oxalic acid is widely distributed in plants and performs various
physiological functions. It has been suggested that oxalic acid is biosynthesized in plants through
three pathways, namely the glyoxylate-glycolate, ascorbate and oxaloacetate pathways. Oxalate
decomposition occurs through oxidation, decarboxylation and acetylation. In addition, plant
varieties and agronomic practices influence the accumulation of oxalic acid.

The secretion of oxalates by fungi provides many benefits for their growth and colonization of
substrates [21]. The role of oxalic acid in pathogenesis is to acidify host tissues and sequester
calcium from host cell walls. The formation of calcium oxalate crystals weakens cell walls, thereby
allowing polygalacturonase to degrade more quickly in a synergistic response. There is a good
correlation between pathogenesis, virulence and oxalic acid secretion. Solubility of soil nutrients is
achieved by soil species when cations liberated by oxalate diffuse into clay layers and increase the
effective solubility of Al and Fe. Oxalate stored in the hyphal mats of mycorrhizal species increases
the availability of phosphates and sulfates. The formation of calcium oxalate crystals provides a
reservoir of calcium in the ecosystem. The ability of oxalate to bind divalent cations promotes the
detoxification of copper, which is especially noticeable in wood preserved with copper salts.
Oxalate plays a unique role in the degradation of lignocellulose by wood-decaying basidiomycetes,
acting as a low-molecular-weight decay-initiating agent. In addition, in white rot fungi, oxalate acts
as a potential electron donor for lignin peroxidase-catalyzed reduction and chelates manganese,
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allowing Mn 3+ to dissolve from the manganese-enzyme complex and thus stimulating extracellular
manganese peroxidase activity. Biosynthesis and degradation of oxalates are discussed.

The patent [22] describes a method of controlling pathogens using an oxalate-producing
enzyme, alone or in combination with a toxic protein, which can be applied directly to the plant or
produced by microorganisms on it, or by genetically modifying the plant to produce the enzyme.

Research has also been devoted to studying the role of oxalic acid and its derivatives in plant
organisms [23-29].

Considering the above, it was of interest to conduct research in the field of studying the
regulatory properties of salts and amide derivatives of oxalic acid in relation to the seeds of some
agricultural crops [30-32].

For this purpose, we synthesized mono- and disubstituted salts, as well as ethanolamine
complexes of oxalic acid and prepared their solutions of various concentrations: 0.05, 0.01, 0.005,
0.001 and 0.0001% and tested them as growth regulators for corn and peas. For comparison,
solutions of indolylacetic acid, which is often used as a plant growth regulator, were prepared in the
same concentrations. The calculated amount of seeds of the indicated plants was placed in two Petri
dishes, and distilled water was added to one of the dishes, and prepared solutions of the analyzed
substances were added to the other. After several days of observations, it was noticed that 0.001-
0.0001% solutions of oxalic acid derivatives promote intensive growth of both types of seeds and
growth of both the root and above-ground parts of plants is observed. It has been established that in
the case of salts, complete salts of oxalic acid have a more pronounced growth property compared
to acidic salts, but in both cases an increase in seed growth is observed.

In addition, we have found that the mono amide of oxalic acid has a stronger effect on the
growth of pea seeds compared to the disubstituted amide of this acid.

Thus, we can conclude that salts and amide derivatives of oxalic acid have a pronounced
regulatory property during the ripening of pea and corn seeds. In this regard, they have been
recommended as growth stimulants for these plants in agricultural practice.
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