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Abstract

Introduction: According to research data, 1,3-oxazines are pharmacologically active sub-
stances, as well as the substrates for the synthesis of heterocyclic and acyclic compounds.
However, bis(1,3-oxazin-6-one) derivatives are little studied class of compounds, which
makes their research a promising direction for the development of modern synthetic
chemistry and pharmacy. The aim of this work is to obtain bis(4-hydroxy-6H-1,3-oxazin-
6-ones), study their alcoholysis reaction, prove the structure of the obtained products and
evaluate their pharmacological potential in silico. Methods: The reflux of isophthalic acid
diamide with a twofold excess of substituted malonyl chloride in 1,2-dichloroethane for
15 h led to the production of bis(4-hydroxy-6H-1,3-oxazin-6-ones) (1, 2). As a result of their
reflux with absolute ethanol for 5 h acyclic esters of malonamic acids (3, 4) formed. The
structure of the obtained compounds was proved by 'H and *C NMR spectroscopy. The
prediction of biological activity was carried out using the GUSAR and PASS online web-
resources. Results: The yields of compounds 1-4 were 90%, 90%, 93%, 89%, respectively,
depending on the nature of the substituent at position Cs of the oxazine cycle. According
to the in silico assessment of biological activity, bis(1,3-oxazine-6-ones) exhibited high
probability of antitumor activity, while ethyl esters of malonamic acids showed promising
anxiolytic, antieczematous, fibrinolytic activities. Conclusions: New bridging 1,3-oxazin-
6-ones were synthesized. The reaction of their cleavage by absolute ethanol to malonamic
acid esters was studied. The potential biological activity was predicted in silico.

Keywords: bis(4-hydroxy-6H-1,3-oxazine-6-ones); alcoholysis; esters of malonamic acids

1. Introduction

Research on 1,3-oxazine compounds confirms their importance for modern organic
chemistry and pharmacology. The relevance of studying 1,3-oxazine derivatives is due to
their wide range of biological activity including antioxidant [1,2], antimicrobial [3—6] and
antitumor [7]. In addition, they are key reagents for the synthesis of new heterocyclic and
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acyclic compounds [8]. The transition to the poorly studied bis(4-hydroxy-6H-1,3-oxazin-
6-one) derivatives is promising, as it will expand the pharmacological potential of this
series of compounds, and the study of their chemical properties, particularly the alcoholy-
sis reaction, will allow to obtain new acyclic compounds with potentially promising types
of biological activity. The aim of our work was the synthesis of bis(4-hydroxy-6H-1,3-ox-
azin-6-ones), the study of their ethanolysis reaction, the proof of the structure of the ob-
tained compounds and the estimation of their biological activity in silico. To achieve the
goal it was necessary to solve the following main problems:

1. To carry out the reaction of benzene-1,3-dicarboxamide with a twofold excess of sub-
stituted malonyl chloride in 1,2-dichloroethane;

2. To implement the interaction of the obtained bis(4-hydroxy-6H-1,3-oxazin-6-ones)
with ethanol and to determine the effect of substituents at the Cs position of the oxa-
zine cycle on the yield of the products;

3. To prove the structure of the synthesized compounds using NMR spectroscopy on
H and *C nuclei.

4. To conduct in silico screening of biological activity and acute toxicity assessment of
the obtained series of substances using the PASS online and GUSAR web-resources.

2. Materials and Methods

The reaction of benzene-1,3-dicarboxamide with methylmalonyl chloride and phe-
nylmalonyl chloride was carried out in 1,2-dichloroethane (EDC) with a twofold excess of
acid chlorides (1:2) (1.1) and (1.2) (Scheme 1). The yield of 2,2'-(benzene-1,3-diyl)bis(4-hy-
droxy-5-methyl-6H-1,3-oxazin-6-one) (1) in reaction 1.1 was 90%. The compound 2,2'-
(benzene-1,3-diyl)bis(4-hydroxy-5-phenyl-6H-1,3-oxazin-6-one) (2) was obtained in reac-
tion 1.2 with a yield of 90%. The syntheses were carried out for 15 h.

For the products 1 and 2 obtained in reactions 1.1 and 1.2, a reaction with ethanol
was conducted. The interaction was performed at the boiling point of alcohol for 5 h (1.3
and 1.4). The end of the reaction was determined by TLC. During the reaction, the oxazine
cycles were split along the Ce-O bond. The products of this interaction were ethyl esters
of N-acylmalonamic acids: diethyl 3,3'-(isophthaloylbis(azandiyloxy))bis(3-oxo-2-
methylpropanoate) (3) and diethyl 3,3'-(isophthaloylbis(azandiyloxy))bis(3-oxo-2-phe-
nylpropanoate) (4). The yields of compounds 3 and 4 were 93% and 89%, respectively.
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Scheme 1. Interaction of benzene-1,3-dicarboxamide with malonyl chlorides, followed by ethanoly-

sis of products 1 and 2.

1.1-1.2 Synthesis of 2,2’-(benzene-1,3-diyl)bis(4-hydroxy-6H-1,3-oxazin-6-ones) (1,
2). 0.0212 mol of benzene-1,3-dicarboxamide was suspended in EDC, then 0,0424 mol of
substituted malonyl chloride was added and the mixture was refluxed for 15 h. The com-
pleteness of the reaction was monitored using thin-layer chromatography on TLC Silica
gel 60 F254 plates with ethyl acetate as an eluent and UV light detection. After the
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synthesis, the target products were isolated by vacuum filtration and recrystallized from
glacial acetic acid.

1.3-1.4 Synthesis of diethyl 3,3’-(isophthaloylbis(azandiyloxy))bis(3-oxopropano-
ates) (3, 4).

0.02 mol of 2,2'-(benzene-1,3-diyl)bis(4-hydroxy-6H-1,3-oxazin-6-one) (1, 2) was sus-
pended in 20 mL of ethanol. The reaction mixture was refluxed for 5 h. The completeness
of the reaction was monitored using thin-layer chromatography on TLC Silica gel 60 F254
plates with ethyl acetate as an eluent and UV light detection. Obtained products were
isolated by vacuum filtration and dried in air.

3. Results

The interaction of benzene-1,3-dicarboxamide and substituted malonyl chloride in a
1:2 ratio led to the formation of bis(4-hydroxy-6H-1,3-oxazin-6-ones) (1, 2) after 15 h of
refluxing with a yield of 90%. Further treatment of the latter with ethanol at boiling point
resulted in the formation of acyclic ethyl esters of N-acylmalonamic acids (3, 4) with yields
of 93% and 89%, respectively, which is due to the nature of the substituent at position Cs
of the oxazine cycle: in the presence of an acceptor substituent —phenyl—in the bis(4-hy-
droxy-6H-1,3-oxazin-6-one) molecule the yield of the product is slightly reduced com-
pared to the corresponding reaction involving a donor substituent —methyl. The structure
of the obtained compounds 1-4 was proved by NMR spectroscopy on 'H and *C nuclei
(Figures 1 and 2). '"H and *C NMR spectra were obtained on a Bruker AM-500 spectrom-
eter from solutions in DMSO-d6.
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Figure 1. '"H NMR spectrum of 2,2'-(benzene-1,3-diyl)bis(4-hydroxy-5-methyl-6H-1,3-oxazine-6-
one) in DMSO-d6.
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Figure 2. 'H NMR spectrum of 2,2'-(benzene-1,3-diyl)bis(4-hydroxy-5-phenyl-6H-1,3-oxazine-6-
one) in DMSO-d6é.

2,2’-(benzene-1,3-diyl)bis(4-hydroxy-5-methyl-6H-1,3-oxazin-6-one). 'H NMR
(DMSO-d6): 6 1.83 (s, 6H, CHs);  7.79 (t, 0.93H, CsHa); 6 8.30 (dd, 1.80H, CsHa); 0 8.80 (s,
0.79H, CeHas); 8 12.65 (s, 1.57H, OH). *C NMR (DMSO-d6): & 7.83 (CHs); d 91.23 (Cs); ©
127.82 -129.60 (CAr); 0 160.33 (Cs); 8 167.70 (Cs); 0 162.33 (C2).

2,2'-(benzene-1,3-diyl)bis(4-hydroxy-5-phenyl-6H-1,3-oxazin-6-one). 'H NMR
(DMSO-d6): b 7.30-7.40 (m, 10H, CeHs); d 7.90-8.98 (m, 3.88H, CsHa); 0 13.14 (s, 0.57H,
OH). 3C NMR (DMSO-d6): 0 95.74 (Cs); 0 127.26-134.85 (CAr); 8 161.31 (C2); 8 165.89 (Cas);
0167.98 (Ce).

Diethyl 3,3’-(isophthaloylbis(azandiyloxy))bis(3-0xo-2-methylpropanoate). 'H
NMR (DMSO-d6): 0 1.15 (d, 5.87H, CHs); 6 2.65 (t, 5.92H, CHs); 0 4.25 (q, 3.90H, -CH>-); d
5.49 (q, 1.88H, -CH-); 6 7.65-8.00 (m, 3.95H, CeHa); d 10.40 (s, 1.99H, -NH-). 3C NMR
(DMSO-d6): © 30.05 (CHs); 0 47.45 (-CH-); 0 63.34 (-CHz-); 0 51.32 (CHs); © 128.85-132.38
(CA1); 0 166.83 (C=0); d 168.43 (COOC2Hs).

Diethyl 3,3’-(isophthaloylbis(azandiyloxy))bis(3-oxo-2-phenylpropanoate). 'H
NMR (DMSO-d6): 6 2.66 (t, 5.65H, CHs); 6 4.26 (q, 3.94H, -CH>-); 5 5.50 (s, 1.97H, -CH-); d
7.13-7.39 (m, 9.97H, CsHs); 6 7.65-8.00 (m, 3.89H, CsHa); 6 10.41 (s, 1.72H, -NH-). 3C NMR
(DMSO-d6): d 49.66 (CHs);  59.45 (-CH-); d 63.38 (-CHz-); d 128.00-132.38 (C~7); d 166.87
(C=0); 6 168.53 (COOC2Hs).

4. Discussion

For compounds 1-4 biological activity and acute toxicity were determined in silico
using the PASS online and GUSAR web-resources. The screening results are presented in
Tables 1-5.

Table 1. Results of biological activity screening of 2,2'-(benzene-1,3-diyl)bis(4-hydroxy-5-methyl-

6H-1,3-oxazin-6-one).

Activity Pa
Immunosuppressive 0.7
Antitumor 0.7

Antieczematous 0.7
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Table 2. Results of biological activity screening of 2,2'-(benzene-1,3-diyl)bis(4-hydroxy-5-phenyl-
6H-1,3-oxazin-6-one).

Activity Pa
Immunosuppressive 0.7
Antitumor 0.7
Antieczematous 0.4

Table 3. Results of biological activity screening of diethyl 3,3"-(isophthaloylbis(azandiyloxy))bis(3-
oxo-2-methylpropanoate).

Activity Pa
Anxiolytic 0.9
Fibrinolytic 0.7
Antieczematous 0.6

Table 4. Results of biological activity screening of diethyl 3,3'-(isophthaloylbis(azandiyloxy))bis(3-
oxo-2-phenylpropanoate).

Activity Pa
Anxiolytic 0.8
Fibrinolytic 0.7

Antieczematous 0.8

Table 5. Acute toxicity data for synthesized compounds 1-4.

RatIPLD50 RatIVLD50 RatOral LD50 RatSC LD50

Compound
P (mg/kg)  (mg/kg) (mg/kg) (mg/kg)
2,2 —(benzene—1,3—d1yl)b1s'(4—hydroxy—S—methy1—6H—1,3— 529 135 2055 2705
oxazin-6-one)
2,2 —(benzene—l,3—d1y1)bls_(4—hydroxy-5-phenyl—6H-1,3- 860 143 3533 1540
oxazin-6-one)
Diethyl 3,3'-(isophthaloylbis(azandiyloxy))bis(3-oxo-2- 1614 14 1647 5616
methylpropanoate)
Diethyl 3,3'-(isophthaloylbis(azandiyloxy))bis(3-oxo-2- 1518 238 2008 519
phenylpropanoate)

Based on the analysis of the obtained data it can be concluded that the potential im-
munosuppressive and antitumor activity in the series of bis(4-hydroxy-6H-1,3-oxazin-6-
ones) are equally pronounced and the antieczematous activity is almost completely elim-
inated when the methyl group is replaced by a phenyl group at the Cs position of the
oxazinyl cycle. In the series of diethyl esters N-acylmalonamic acids there is no clear pat-
tern in the manifestation of potential biological activity depending on the nature of the
substituent in the Cs position of the oxazine cycle.

According to the results of the acute toxicity assessment based on the classification
of chemical compounds by the OECD Project, compounds 3 and 4 are non-toxic when
administered subcutaneously and intraperitoneally, and belong to classes 4 (5) when ad-
ministered intravenously and orally. Compound 1 is non-toxic when administered sub-
cutaneously and belongs to classes 5 and 4 in all other cases. Compound 2 also belongs to
the 4 (intravenous route of administration) and 5 (in other cases) toxicity classes, which
means that all the obtained compounds are practically non-toxic.

5. Conclusions
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The synthesis of bis(4-hydroxy-6H-1,3-oxazin-6-ones) was carried out by the interac-
tion of benzene-1,3-dicarboxamide with a twofold excess of substituted malonyl chloride
in 1,2-dichloroethane. The yields of compounds 1 and 2 were calculated and amounted to
90%. As a result of ethanolysis of bis(4-hydroxy-6H-1,3-oxazine-6-ones), it was found that
the yield of ethyl esters of N-acylmalonamic acids depends on the nature of the substitu-
ent at position Cs of the oxazine cycle. When a phenyl group is present, the yield is 89%,
and when a methyl group is present, the yield is 93%. The structure of the synthesized
compounds 1-4 was reliably proved using NMR spectroscopy on 'H and *C nuclei. The
biological activity and acute toxicity of the obtained compounds were determined using
the web-resources PASS online and GUSAR. Products 1 and 2 have a high probability of
exhibiting immunosuppressive and antitumor activity, while compounds 3 and 4 have
anxiolytic, fibrinolytic and antieczematous properties. All of the obtained substances are
practically non-toxic.
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Abbreviations

The following abbreviations are used in this manuscript:

EDC 1,2-dichloroethane

TLC Thin layer chromatography

uv Ultraviolet

NMR Nuclear magnetic resonance

P Intraperitoneal route of administration

v Intravenous route of administration

Oral Oral route of administration

SC Subcutaneous route of administration

LD50 Median lethal dose

Pa The probability the compound is active for a given activity
OECD Organization for Economic Co-operation and Development
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