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Abstract

Objectives. A key step in the synthesis of natural nucleoside analogs is the formation of a glycosidic 
bond between the carbohydrate fragment and the heterocyclic base. Glycosylation methods differ 
in terms of regio- and stereoselectivity. A promising method for the highly specific synthesis of 
new pharmacologically active compounds involves an enzymatic reaction catalyzed by genetically 
engineered nucleoside phosphorylases. This study is devoted to the synthesis of a library of 
analogs of nucleoside heterocyclic bases—5-oxymethyl-1,2,4-triazole-3-carboxamides—in order 
to investigate the substrate specificity of genetically engineered nucleoside phosphorylases.
Methods. A method of cyclization of acylamidrazones obtained from the single synthetic  
precursor β-N-tert-butyloxycarbonyl-oxalamidrazone was used to parallel-synthesize new 
5-alkoxy/aryloxymethyl-1,2,4-triazole-3-carboxamides. Silica gel column chromatography was 
used to isolate and purify the synthesized compounds. A complex of physicochemical analysis 
methods (nuclear magnetic resonance spectroscopy, chromatography, and mass spectrometry) 
confirmed the structure of the compounds obtained in the work.
Results. 5-alkoxy/aryloxymethyl-1,2,4-triazole-3-carboxamides were obtained to study the 
substrate specificity of genetically engineered nucleoside phosphorylases. The possibility of 
obtaining new nucleoside analogs by the chemico-enzymatic method was demonstrated on the 
basis of preliminary assessment results.
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НАУЧНАЯ СТАТЬЯ

Conclusions. The physicochemical characteristics of a series of novel 5-alkoxy/aryloxymethyl-
1,2,4-triazole-3-carboxamides were studied along with their potential to act as substrates for the 
transglycosylation reaction catalyzed by nucleoside phosphorylases.
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Аннотация

Цели. Ключевая стадия синтеза аналогов природных нуклеозидов – образование  
гликозидной связи между углеводным фрагментом и гетероциклическим основанием. 
Методы гликозилирования различаются по регио- и стереоселективности. Фермен-
тативная реакция, катализируемая генно-инженерными нуклеозидфосфорилазами –  
перспективный метод высокоспецифичного синтеза новых фармакологически активных 
соединений. Данное исследование посвящено синтезу библиотеки аналогов гетероцикли-
ческих оснований нуклеозидов – 5-оксиметил-1,2,4-триазол-3-карбоксамидов для изучения 
субстратной специфичности генно-инженерных нуклеозидфосфорилаз.
Методы. Для параллельного синтеза новых 5-алкокси/арилоксиметил 1,2,4-триазол- 
3-карбоксамидов применен метод циклизации ациламидразонов, получаемых из единого 
синтетического предшественника – β-N-третбутилоксикарбонил-оксаламидразона. 
Для выделения и очистки синтезированных соединений использована колоночная хрома-
тография на силикагеле. Структура полученных в работе соединений подтверждена 
комплексом методов физико-химического анализа: спектроскопией ядерного магнитно-
го резонанса и хромато-масс-спектрометрометрией.
Результаты. Получены 5-алкокси/арилоксиметил-1,2,4-триазол-3-карбоксамиды  
для изучения субстратной специфичности генно-инженерных нуклеозидфосфорилаз. 
По результатам предварительной оценки показана возможность получения из них  
новых аналогов нуклеозидов химико-ферментативным методом.
Выводы. Для серии новых 5-алкокси/арилоксиметил-1,2,4-триазол-3-карбоксамидов 
изучены физико-химические характеристики, а также их способность выступать  
в роли субстратов реакции трансгликозилирования, катализируемой нуклеозид- 
фосфорилазами.
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INTRODUCTION

The work of many research groups in the 
field of medical chemistry, molecular biology 
and biotechnology is focused on the study of the 
biological properties of nucleoside analogs (NA) 
[1–4]. These compounds are mainly used for antiviral 
[5–10], anticancer drug [2, 11–13] and antibiotic 
[3, 14–15] purposes. Various approaches and their 
combinations used in the design of biologically 
active nucleoside preparations include modification 
of both the carbohydrate fragment of the molecule 
and the aglycone [2, 16–19]. At the same time,  
most nucleoside analogs that exhibit biological 
activity retain the β-N-glycoside bond of natural 
nucleosides.

To date, the need for drugs based on modified 
nucleoside analogs is mainly being met using  
effective chemical synthesis protocols. However, 
the chemico-enzymatic method of glycosylation of 
heterocyclic bases using recombinant enzymes is  
also a promising alternative approach to implementing 
the creation of a β-N-glycoside bond, comprising  
one of the key stages of nucleoside production [20]. 
The variety of nucleoside analogs obtained via 
classical chemical synthesis is limited by the stereo- 
and regioselectivity of glycosylation strategies, as 
well as the stability of intermediates during chemical 
transformations. The chemico-enzymatic method, 
conversely, is strictly stereo- and regiospecific, but 
the variety of target compounds obtained by this 
pathway is limited by the substrate specificity of the 
enzyme used.

Genetically engineered bacterial nucleoside 
phosphorylases (NP) of the pentosyltransferase  
group (CF 2.4.2) are often used for the chemico-
enzymatic production of nucleoside analogs [21–23]. 
These enzymes catalyze several reactions: the  
synthesis of nucleotides and their phosphorolysis, 
as well as the transfer of a carbohydrate fragment  

of nucleosides to heterocyclic bases 
(transglycosylation reaction). Due to their rather 
low substrate specificity, they are suitable for 
use in the synthesis of a number of drugs [24–28]. 
Chemico-enzymatic transglycosylation becomes 
a convenient tool for obtaining new nucleoside  
analogs with modified heterocyclic bases and 
different carbohydrate fragments on account 
of the low selectivity of bacterial nucleoside  
phosphorylases [28–31]. In order to study the  
potential of nucleoside phosphorylases as a 
research and technological tool, an important task 
is the synthesis of heterocyclic bases of nucleoside  
analogs—potential substrates of these enzymes. In 
particular, derivatives of 1,2,4-triazole-3-carboxamide 
can form substrates for the biotechnological 
production of analogs of the antiviral drug ribavirin 
(1-β-D-ribofuranosyl-1,2,4-triazole-3-carboxamide, 
virazole). In the present study, we developed a 
synthetic approach and obtained a series of 5-alkoxy/
aryloxymethyl-1,2,4-tr iazole-3-carboxamides, 
substrates for the chemico-enzymatic synthesis of 
new ribavirin analogs.

RESULTS AND DISCUSSION

Although isosteric to purine bases 1,2,4-triazole-
3-carboxamide is an excellent substrate of genetically 
engineered purine nucleoside phosphorylases (PNP) 
and uridine phosphorylases (UrP), the introduction  
of substituents in the 5 position of the 1,2,4-triazole 
ring significantly affects the ability of such derivatives 
to react with enzymatic transglycosylation. Studies 
of the substrate properties of heterocyclic bases 
synthesized in our laboratory, which were carried  
out in the Laboratory of Biotechnology of the 
Shemyakin and Ovchinnikov Institute of Bioorganic 
Chemistry, Russian Academy of Sciences (IBCh RAS), 
initially led us to believe that steric difficulties in 
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the active center of NP limit substrate properties 
with an increase in the size of the substituent.  
With the exception of 5-methyl-1,2,4-triazole-3-
carboxamide, 1,2,4-triazole-3-carboxamides containing 
a halogen, a nitro group, a hydroxyl, or simple alkyl 
substituents at position 5 were not found to be  
suitable for use as substrates for NP [32]. However, 
recently obtained results have contradicted this  
point of view. Some of the compounds synthesized 
by us, which contained an oxymethyl fragment  
at the 5 position of the 1,2,4-triazole ring,  
unexpectedly entered into an enzymatic 
transglycosylation reaction. In order to establish 
the limits of the substrate specificity of NP with 
respect to homologs of 5-oxymethyl-1,2,4-triazole- 
3-carboxamide, we synthesized a library of 
derivatives of 1,2,4-triazole-3-carboxamide 6a-i  
with alkoxymethyl substituents increasing 
along the length of the carbon backbone, up to 
n-decyloxymethyl, as well as bulk 5-isopropoxy-, 
5-phenoxy-, and 5-benzyloxymethyl substituents.

The main methods of synthesis of 1,2,4-triazole-
3-carboxylic acid derivatives are based on the 
cyclization of amidrazones [17–20]. In order to 
obtain a homologous library of derivatives of 
5-substituted 1,2,4-triazole-3-carboxamide, we 
considered two previously developed methods 
(Scheme 1). Although the first [33] can be used to 
synthesize a number of compounds in parallel from 
a single precursor of β-N-Boc-oxalamidrazone (a), 
(where Boc is the tert–butyloxycarbonyl protective 
group), it has the disadvantage of relatively low 
yields of target compounds. Conversely, while 
the second method [34] produces high yields of 
5-substituted 1,2,4-triazole-3-carboxylic acids, 
it requires the production of individual synthetic 
precursors for each target compound, thus  
increasing the time of the experiment [35]. Therefore, 
in order to solve the problem of combinatorial 

synthesis, we chose a parallel method for obtaining 
derivatives of 1,2,4-triazole-3-carboxylic acids c 
(method I in Scheme 1).

A single synthetic precursor of β-N-Boc-
oxalamidrazone (3) was obtained by the interaction 
of thiooxamic acid ethyl ester (2) with Boc-hydrazine 
(1) (Scheme 2).

Ethyl esters of 5-alkoxy/aryloxymethyl-1,2,4-
triazole-3-carboxylic acids 5a-h were obtained by 
acylation of amidrazone 3 with 4a-h hydroxyacetic 
acids chlorides followed by cyclization in pyridine 
at a boiling point (115°C). Further, the 5a-h esters 
were converted into the corresponding 6a-h amides 
by treatment with an aqueous-methanolic solution of 
ammonia (Scheme 3).

Compound 6j was also prepared according to  
the above procedure. However, it was difficult to 
isolate the ethyl ether of 5-acetoxymethyl-1,2,4-
triazole-3-carboxylic acid 5i following cyclization in 
this case since the labile acetyl group was partially 
hydrolyzed during the treatment of the reaction 
mixture. A mixture of ethyl esters of 5-acetoxymethyl-
5i and 5-hydroxymethyl-1,2,4-triazole-3-carboxylic 
acid 5j was received. This mixture was treated with an 
ammonia solution, resulting in the complete removal 
of the acetyl group to obtain amide 6j (Scheme 4).

The structure and purity of all final and 
intermediate compounds are proved by methods 1H  
and 13C nuclear magnetic resonance (NMR) 
spectroscopy and high-performance liquid 
chromatography (HPLC) with a mass spectrometric 
(MS) detector, the outputs are shown in Table 1.

The primary results of a preliminary study of  
the substrate specificity of NP in relation to  
synthesized amides 6a-h, 6j carried out in the 
Laboratory of Biotechnology of the IBCh RAS by  
the previously described method [32] are given in Table 2. 

As can be seen from the data, the chemico-
enzymatic method can be used to obtain  

Scheme 1. 5-Substituted 1,2,4-triazole-3-carboxamide derivatives main synthesis methods  
(Boc is tert-butyloxycarbonyl; Et is ethyl; Py is pyridine).

R = alkyl, aryl
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Scheme 4. Synthesis of 5-hydroxymethyl-1,2,4-triazole-3-carboxamide 6j (Et is ethyl; Py is pyridine).

Scheme 2. Synthesis of ethyl β-N-Boc-oxalamidrazone (Boc is tert-butyloxycarbonyl; Et is ethyl).

Scheme 3. Synthesis of 5-alkoxy/aryloxymethyl-1,2,4-triazole-3-carboxamides 6a-h (Et is ethyl; Py is pyridine).

deoxyribosides from almost the entire range of 
synthesized compounds 6a-h, 6j (Schemes 3 and 4). 
Conversely, it seems to be impossible to obtain 
ribosides of 5-hydroxymethyl-1,2,4-triazole-3-
carboxamides using this method.

EXPERIMENTAL

The solvents used in the work were purified 
by standard methods, with absolution being  
carried out in the usual way [32]. The reactions were  
monitored using thin-layer chromatography (TLC) 
on PTSH-AF-A–ultra violet (UV) plates (aluminum 
base; fractionated silica gel particle size is 5–17 µm; 
sorbent layer thickness is 90–120 µm; phosphor is  
254 nm) (Sorbfil, Russia). The substances were  
visualized in UV light at 254 nm; phosphoric- 
molybdenum acid, ninhydrin, and iodine were  

additionally used. Kiselgel 60 Å (0.040–0.063 mm) 
silica gel (Merck, Germany) was used for column 
chromatography.

1H and 13C NMR spectra were recorded on a 
DPX-300 instrument (Bruker, Germany) with a  
resonant frequency for protons of 1H = 300 MHz,  
13C = 75 MHz. Notation in 1H NMR spectra as  
follows: s is a singlet, d is a doublet, dd is a  
doublet of doublets, t is a triplet, q is a quartet, m is  
a multiplet, w is a widened signal. Chromatography-mass 
spectrometry studies were performed on the  
LCMS-2020 device (Shimadzu, Japan) on the  
Luna C18 column (Phenomenex, USA) in gradient 
mode with electrospray ionization (150 × 4.6 mm, 
particle size is 3 µm, pore size is 100 Å. Mobile 
phases: A is 0.1% formic acid solution in water,  
B is acetonitrile. Gradient: up to 0.5 min—5% V, 
from 0.5 to 10.5 min—from 5 to 100% V, from 10.5 to 
12 min—100% V, from 12 to 14 min—from 100% to 
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Table 1. Yields of synthesized compounds

 Compound 5a 5b 5c 5d 5e 5f 5g 5h 5i+5j

Yield, % 57 22 45 36 31 14 63 59 −

Compound 6a 6b 6c 6d 6e 6f 6g 6h 6j

Yield, % 64 84 21 50 60 33 89 77 79

Table 2. Specificity of uridine phosphorylase towards 5-alkoxy/aryloxymethyl-1,2,4-triazole-3-carboxamides 6a-h, 6j

No. R  PNP UP

6a Me − +

6b n-Pr − +

6c n-Bu − +

6d n-C10H21 − −

6e –CH2CH2OMe − +

6f i-Pr − +

6g Ph − −

6h Bn − +

6j H + +

Note: Minus sign indicates, that products of the enzymatic reaction 8 and 9 were not detected in the reaction mass by the 
HPLC–MS method. Plus sing indicates, that the products of the enzymatic reaction 8 and 9 were found in the reaction mass by 
the HPLC–MS method. PNP is purine nucleoside phosphorylase; UP is uridine phosphorylase; Me is methyl; n-Pr is n-propyl;  
n-Bu is n-butyl; i-Pr is isopropyl; Ph is phenyl; Bn is benzyl; H is hydrogen; Nuc is inosine, deoxyuridine; E. coli is 
Escherichia coli.
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5% V. The volume of the injected sample is 2–10 μL. 
Mass spectra were recorded in the positive ion mode  
(range from 160 to 2000 Da). Parameters of the  
ionization source: heater temperature is 40°C,  
capillary temperature is 25°C, desiccant gas flow is  
15 L/min, spray gas is 1.5 L/min, ionization voltage is 4.5 kV).

Ethyl-β-N-Boc-oxalamidrazone (3)
A mixture of 18.23 g (137 mmol) of thiooxamic 

acid ethyl ether 2 and 18.10 g (137 mmol) of Boc- 
hydrazine 1 was dissolved in 80 mL of ethyl  
alcohol. The reaction mixture was stirred for 24 h.  
The resulting precipitate was filtered, washed with  
10 mL of ethyl alcohol and dried in air. Product yield: 
28.25 g (89%), Tm.p. = 178–180°C. 

1H NMR spectrum (dimethyl sulfoxide  
(DMSO)-d6), δ, ppm: 1.23 (3H, t, J = 7.14 Hz, 
CH2CH3); 1.43 (9H, s, C(CH3)3); 4.19 (2H, q, J = 7.14 
Hz, CH2CH3); 6.21 (2H, s, NHNH); 9.22 (1H, s, NH).  
13C NMR spectrum (DMSO-d6), δ, ppm: 13.90; 28.01; 
61.31; 79.12; 136.70; 152.51; 162.09. For C9H18N3O4, 
m/z [M+H]+ calculated: 232.13; found: 232.12.

General procedure for synthesis of ethyl esters  
of 5-alkoxy/aryloxymethyl-1,2,4-triazole- 

3-carboxylic acids 5a-j
Carboxylic acid chlorohydride (2.15 eq.)  

was added drop-by-drop to a suspension of 1 eq. 
of ethyl-β-N-Boc-oxalamidrazone 3 in absolute  
pyridine when cooled to 0°C. The reaction mass 
was heated to boiling point and stirred for 20 h. 
After the end of the reaction (reaction controlled by 
TLC; chloroform-methanol 5% system), the solvent 
was removed on a vacuum rotary evaporator. A 1 M 
aqueous HCl solution was added to the residue  
and extracted 3 times with ethyl acetate in equal 
portions. The organic phases were combined and 
dried Na2SO4, the solvent was removed on a vacuum 
rotary evaporator. The product was isolated using 
column chromatography on silica gel, the chloroform 
eluent was methanol (with a methanol gradient from 
0 to 7%).

Ethyl ether of 5-(methoxymethyl)-1,2,4-triazole- 
3-carboxylic acid (5a)

1.00 g (4.32 mmol) of ethyl-β-N-Boc-oxa-
lamidrazone 3, 10 mL of absolute pyridine, 0.85 mL 
(9.31 mmol) of methoxyacetic acid chlorangidride. 
Rf = 0.58. Product yield: 0.46 g (57%).

1H NMR spectrum (CDCl3), δ, ppm: 1.40 (3H, t,  
J = 7.14 Hz, CH2CH3); 3.47 (3H, s, CH3OCH2); 4.46 
(2H, q, J = 7.14 Hz, CH2CH3); 4.72 (2H, s, CH3OCH2). 
13C NMR spectrum (CDCl3), δ, ppm: 13.91; 58.86; 

61.96; 65.69; 153.24; 156.19; 159.52. For C7H11N3O3, 
m/z [M+H]+ calculated: 186.19; found: 186.17.

Ethyl ether of 5-(ethoxymethyl)-1,2,4-triazole- 
3-carboxylic acid (5b)

1.00 g (4.3 mmol) ethyl-β-N-Boc-oxalamid- 
razone 3, 10 mL of absolute pyridine, 1.11 g  
(9.3 mmol) ethoxyacetic acid chlorangidride. 
Rf = 0.55. Product yield: 0.19 g (22%).

1H NMR spectrum (CDCl3), δ, ppm: 1.16 
(3H, t, J = 7.00 Hz, CH2O–CH2CH3); 1.35 (3H, t,  
J = 7.14 Hz, COO–CH2CH3); 3.59 (2H, q, J = 7.01 Hz,  
CH2O–CH2CH3); 4.42 (2H, q, J = 7.14 Hz, CH2CH3); 
4.73 (2H, s, CH2O–CH2CH3). 

13C NMR spectrum 
(CDCl3), δ, ppm: 14.09; 14.84; 62.08; 64.13; 67.08; 
153.92; 156.57; 159.65. For C8H13N3O3, m/z [M+H]+ 
calculated: 200.22; found: 200.20.

Ethyl ether of 5-(n-butoxymethyl)-1,2,4-triazole- 
3-carboxylic acid (5c)

1.16 g (5 mmol) of ethyl-β-N-Boc-oxalamid- 
razone 3, 10 mL of absolute pyridine, 1.61 g  
(13 mmol) of n-butoxyacetic acid chlorangidride. 
Rf = 0.45. Product yield: 0.51 g (45%).

1H NMR spectrum (CDCl3), δ, ppm: 0.90 (3H, 
t, J = 7.32 Hz, O(CH2)3–CH3); 1.30–1.43 (2H, 
m, O(CH2)2–CH2CH3); 1.41 (3H, t, J = 7.14 Hz,  
CO–CH2CH3); 1.54–1.64 (2H, m, OCN2CH2CH2CH3); 
3.58 (2H, t, J = 6.63 Hz, O–CH2(CH2)2CH3); 4.46 
(2H, q, J = 7.14 Hz, CO–CH2CH3); 4.73 (2H, s, 
CH3(CH2)3OCH2–). 13C NMR spectrum (CDCl3),  
δ, ppm: 13.80; 14.20; 19.11; 29.66; 31.44; 62.13; 
64.71; 71.74; 154.10; 156.77; 159.60. For C10H17N3O3, 
m/z [M+H]+ calculated: 228.27; found: 228.26.

Ethyl ether of 5-(n-decyloxymethyl)- 
1,2,4-triazole-3-carboxylic acid (5d)

0.40 g (1.7 mmol) ethyl-β-N-Boc-oxalamid-
razone 3, 10 mL of absolute pyridine, 0.84 g  
(3.6 mmol) decyloxyacetic acid chlorangidride. 
Rf = 0.62. Product yield: 0.19 g (36%).

1H NMR specrtum (CDCl3), δ, ppm:  
0.83–0.87 (3H, m, СH2СH2–СН3); 1.23  
(14Н, s, ОСН2СН2–(СН2)7СН3); 1.40 (3H, t, 
J = 7.14 Hz, СOOСH2–СН3); 1.54–1.63 (2H, m,  
OСН2–СH2(СH2)7CH3); 3.56 (2H, t, J = 6.72 Hz,  
O–СH2(СH2)8CH3); 4.46 (2H, q, J = 7.14 Hz, СOO–СН2CH3);  
4.73 (2H, s, СН3(СН2)9OCH2–). 13С NMR spectrum, 
(CDCl3), δ, ppm: 29.27; 29.37; 29.40; 29.52; 29.51; 
14.08; 14.18; 22.63; 25.91; 31.84; 62.14; 64.62; 
65.33; 67.78; 72.05; 126.98; 127.65; 128.53; 153.96; 
156.71; 159.58. For C16H29N3O3, m/z [M+H]+ calculated:  
312.43; found: 312.41.
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Ethyl ether 5-[1-(2-methoxy)ethoxymethyl]- 
1,2,4-triazole-3-carboxylic acid (5e)

1.00 g (4.3 mmol) of ethyl-β-N-Boc-oxalamid- 
razone 3, 10 mL of absolute pyridine, 1.40 g  
(9.3 mmol) of 1-(2-methoxy) ethoxyacetic acid  
chlorohydride. Rf = 0.47. Product yield: 0.30 g (31%). 

1H NMR spectrum (CDCl3), δ, ppm: 1.39 (3H, 
t, J = 7.11 Hz, СOO–СH2СН3); 3.45 (3H, s, СH2O–СН3); 
3.60–3.63 (2H, m, СН2–СH2OCH3); 3.76–3.79  
(2H, m, O–СH2СH2OCH3); 4.45 (2H, q, J = 7.14 Hz, 
СOO–СН2CH3); 4.82 (2H, s, –CH2OСН2СH2OCH3). 
13С NMR spectrum (CDCl3), δ, ppm: 14.19; 59.01; 
61.91; 65.42; 70.74; 71.82; 154.86; 156.51; 159.83. 
For C9H16N3O4, m/z [M+H]+ calculated: 230.24; 
found: 230.22.

Ethyl ether of 5-(isopropyloxymethyl)- 
1,2,4-triazole-3-carboxylic acid (5f)

6.74 g (27 mmol) ethyl-β-N-Boc-oxalamid- 
razone 3, 15 mL of absolute pyridine, 7.74 g  
(57 mmol) isopropyloxyacetic acid chlorangidride. 
Rf = 0.45. Product yield: 0.78 g (14%).

1H NMR spectrum (CDCl3), δ, ppm: 1.22 (6H, d, 
J = 6.17 Hz (СН3)2СHO–); 1.42 (3H, t, J = 7.14 Hz, 
СOO–СH2СН3); 3.73–3.81 (1H, m, (CH3)2–СHOСН2); 
4.47 (2H, q, J = 7.12 Hz, СOO–СН2CH3); 4.74 (2H, 
s, (СН3)2СHO–CH2). 

13С NMR spectrum (CDCl3), 
δ, ppm: 14.19; 21.84; 62.09; 62.23; 73.03; 154.26; 
156.95; 159.69. For C9H16N3O3, m/z [M+H]+  
calculated: 214.24; found: 214.21.

Ethyl ether of 5-(phenoxymethyl)-1,2,4-triazole- 
3-carboxylic acid (5g)

1.19 g (5.15 mmol) ethyl-β-N-Boc-oxalamid- 
razone 3, 10 mL of absolute pyridine, 1.88 g  
(11.02 mmol) phenoxyacetic acid chlorangidride. 
Rf = 0.46. Product yield: 0.80 g (63%).

1Н NMR spectrum (CDCl3), δ, ppm: 1.34 (3Н, 
t, J = 7.14 Hz, CH3Et); 4.38 (2Н, q, J = 7.14 Hz, 
СН2Et); 5.29 (2Н, s, 5-СН2); 6.88 (2Н, d, J = 8.19 Hz, 
2-СН, and 6-СН Ph); 6.97 (1Н, t, J = 7.39 Hz,  
4-СН Ph); 7.25 (2H, t, J = 7.98 Hz, 3-CH, and 5-СНPh). 
13C NMR spectrum (CDCl3), δ, ppm: 14.03; 61.98; 
62.31; 114.46; 121.90; 129.62; 153.42; 155.78; 
157.41; 159.47. For C12H14N3O3, m/z [M+H]+  
calculated: 248.26; found: 248.24.

Ethyl ether 5-[(benzyloxy)methyl]-1,2,4-triazole- 
3-carboxylic acid (5h)

16.00 g (69 mmol) of ethyl-β-N-Boc-oxalamid-
razone 3, 30 mL of absolute pyridine, 23.50 mL 
(149 mmol) of benzyloxyacetic acid chlorangidride. 
Rf = 0.63. Product yield: 10.71 g (59%).

1Н NMR spectrum (CDCl3), δ, ppm: 1.40 (3Н, t, 
J = 7.14 Hz, CH3Et); 4.45 (2Н, q, J = 7.1 Hz, СН2Et); 
4.61 (2Н, s, 5-СН2); 4.77 (2Н, s, СН2Bn); 7.28–7.36 
(5Н, m, СНBn). 13C NMR spectrum (CDCl3), δ, ppm: 
14.15; 62.13; 62.35; 72.35; 128.00; 128.25; 128.56; 
136.57; 153.79; 156.45; 159.54. For C13H16N3O3, m/z 
[M+H]+ calculated: 262.29; found: 262.27.

Ethyl ether of 5-(acetoxymethyl)- 
1,2,4-triazole-3-carboxylic acid (5i)  

and ethyl ether of 5-(hydroxymethyl)- 
1,2,4-triazole-3-carboxylic acid (5j)

1.00 g (4.32 mmol) of ethyl-β-N-Boc-oxalamid- 
razone 3, 10 mL of absolute pyridine, 1.00 mL  
(9.29 mmol) of acetoxyacetic acid chlorangidride.  
Rf = 0.65 (main product); Rf = 0.55 (byproduct).  
0.52 g of a mixture of esters of 5-acetoxymethyl- 
(main product) and 5-hydroxymethyl-1,2,4-triazole-
3-carboxylic acid (byproduct) was isolated, which  
was used at the next stage without additional 
separation.

1H NMR spectrum (CDCl3), δ, ppm: 1.37 (3H, t,  
J = 7.13 Hz, CH3Et, impurity); 1.38 (3H, t,  
J = 7.13 Hz, CH3Et, main product); 2.09 (3H, s, 
CH3 acetyl group, main product); 4.44 (2H, q,  
J = 7.16 Hz, CH2Et, main product); 4.45 (2H, q,  
J = 7.16 Hz, CH2Et, impurity); 4.65 (2H, s, 5-CH2, 
impurity); 5.32 (2H, s, 5-CH2, main product).

13C NMR spectrum (CDCl3), δ, ppm: 13.98 
(CH3Et, impurity); 14.03 (CH3Et, main product); 
20.48 (CH3 acetyl group, main product); 57.54  
(5-CH2, main product); 60.54 (5-CH2, impurity); 
62.41 (CH2Et, main product); 62.70 (CH2Et,  
impurity); 151.61 (C3, impurity); 152.36 (C3, main 
product); 155.44 (C5, impurity); 155.44 (C5, main 
product); 158.16 (3-COO, impurity); 158.94 (3-COO, 
main product); 170.88 (COO of the acetyl group, 
main product).

General procedure for obtaining amides  
of 5-alkoxy/aryloxymethyl-1,2,4-triazole- 

3-carboxylic acids 6a-h, 6j
Ethyl ether of 5-hydroxymethyl-1,2,4-triazole- 

3-carboxylic acid 5a-i was dissolved in 1.50 mL of  
10 M methanol ammonia solution and heated to  
boiling point in a reflux flask with 0.50 mL of  
14 M aqueous ammonia solution being added  
every 12 h. At the end of the reaction (complete 
conversion of ether, TLC control, eluent of 5% 
methanol in chloroform), the solvent was removed  
on a vacuum rotary evaporator. The product was 
suspended in anhydrous acetone, filtered and  
dried in a desiccator at reduced pressure above  
NaOH for 12 h.
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Amide of 5-(methoxymethyl)-1,2,4-triazole- 
3-carboxylic acid (6a)

0.52 g (2.81 mmol) of 5-(methoxymethyl)- 
1,2,4-triazole-3-carboxylic acid ethyl ether, reaction 
time 72 h. Product yield: 280 mg (64%). 

1H NMR spectrum (DMSO-d6), δ, ppm: 3.30 (3H, 
s, CH3 MeO); 4.49 (2H, s, 5-CH2); 7.71 and 8.01 (2H, 
2s, NH2).

13C NMR spectrum (DMSO-d6), δ, ppm: 
57.96; 65.82; 153.38; 157.41; 159.60. For C5H9N4O2, 
m/z [M+H]+ calculated: 157.15; found: 157.13.

Amide of 5-ethoxymethyl-1,2,4-triazole- 
3-carboxylic acid (6b)

70 mg (3.5 mmol) ethyl ether of 5-(ethoxymethyl)- 
1,2,4-triazole-3-carboxylic acid, reaction time 48 h.  
Product yield: 50 mg (84%). Tm.p. = 161–163°C.

1H NMR spectrum (DMSO-d6), δ, ppm: 1.12  
(3H, t, J = 6.98 Hz, –CH2CH3); 3.51 (2H, q,  
J = 6.98 Hz, CH2CH3); 4.5 (2H, s, –O–CH2); 7.69 
and 7.99 (2H, 2s, CONH2). 

13C NMR spectrum  
(DMSO-d6), δ, ppm: 14.94; 63.89; 65.52; 153.40; 
157.58; 159.61. For C6H11N4O2, m/z [M+H]+  
calculated: 171.18; found: 171.15.

Amide of 5-(butoxymethyl)-1,2,4-triazole- 
3-carboxylic acid (6c)

215 mg (0.8 mmol) ethyl ether of 5-(butoxymethyl)- 
1,2,4-triazole-3-carboxylic acid, reaction time 48 h. 
Product yield: 40 mg (21%). Tm.p. = 125°C (partially), 
135–136°C (completely).

1H NMR spectrum (DMSO-d6), δ, ppm: 0.84 
(3H, t, J = 6.47 Hz, CH2–CH3); 1.25–1.50 (4H, m, 
CH2–CN2CH2CH3); 3.44 (2H, t, J = 5.99 Hz, –CH2O); 
4.34 and 4.5 (2H, s, OCH2–); 7.68 and 7.99 (2H, 2s, 
CONH2). 

13C NMR spectrum (DMSO-d6), δ, ppm: 
13.74; 18.74; 31.10; 31.25; 64.08; 65.30; 69.25; 
69.81; 153.40; 155.12; 157.54; 159.62; 160.04. For 
C8H15N4O2, m/z [M+H]+ calculated: 199.23; found: 
199.20.

Amide of 5-(decyloxymethyl)-1,2,4-triazole- 
3-carboxylic acid (6d)

110 mg (0.4 mmol) ethyl ether of 5-(decyloxymethyl)- 
1,2,4-triazole-3-carboxylic acid, 48 h. Product yield: 
50 mg (50%). Tm.p. = 140°C (partially), 153–155°C 
(completely).

1H NMR spectrum (DMSO-d6), δ, ppm: 0.84 
(3H, t, J = 6.24 Hz, (CH2)9–CH3); 1.22 (14H, s,  
CH2–(CH2)7CH3); 1.49 (2H, m, –CH2CH2O); 3.43 
(2H, t, J = 6.52 Hz, –CH2O); 4.49 (2H, s, O–CH2); 
7.69 and 7.99 (2H, 2s, CONH2). 

13C NMR spectrum 
(DMSO-d6), δ, ppm: 13.97; 22.11; 25.55; 28.71; 
28.84; 29.02; 31.30; 64.10; 70.13; 153.32; 157.61; 

159.57. For C14H27N4O2, m/z [M+H]+ calculated: 
283.39; found: 283.37.

Amide of 5-(1-(2-methoxy) ethoxymethyl)- 
1,2,4-triazole-3-carboxylic acid (6e)

250 mg (0.8 mmol) of 5-(1-(2-methoxy) ethyl 
etherethoxymethyl)-1,2,4-triazole-3-carboxylic acid, 
reaction time 48 h. Product yield: 150 mg (60%).  
Tm.p. = 109–112°C.

1H NMR spectrum (DMSO-d6), δ, ppm: 3.22 
(3H, d, О–СН3); 3.43–3.46 (2H, m, О–СН2CH2); 
3.57–3.60 (2H, m, ОСН2–CH2); 4.54 (2H, d, ОСН2–); 
7.70 and 8.01 (2Н, 2d, СОNН2).

13С NMR spectrum 
(DMSO-d6), δ, ppm: 58.07; 64.38; 69.35; 71.09; 
153.25; 157.55; 159.53. For C7H13N4O3, m/z [M+H]+ 
calculated: 201.20; found: 201.17.

Amide of 5-isopropyloxymethyl-1,2,4-triazole- 
3-carboxylic acid (6f)

310 mg (1.5 mmol) of 5-(isopropyloxymethyl)- 
1,2,4-triazole-3-carboxylic acid ethyl ether, reaction 
time 48 h. Product yield: 90 mg (33%). Tm.p. = 160–161°C, 
Tsubl = 144°C.

1H NMR spectrum (DMSO-d6), δ, ppm: 1.11 
(6Н, d, J = 6.08 Hz, (СН3)–СH2); 3.63–3.73 (1H, m, 
(СН3)–СH2–О); 4.50 (2Н, s, –О–СH2); 7.66 and 7.96 
(2Н, s, СОNН2). 

13С NMR spectrum (DMSO-d6),  
δ, ppm: 21.85; 61.52; 70.96; 153.50; 157.80; 159.67. 
For C7H13N4O2, m/z [M+H]+ calculated: 185.20; 
found: 185.19.

Amide of 5-(phenoxymethyl)-1,2,4-triazole- 
3-carboxylic acid (6g)

400 mg (1.62 mmol) ethyl ether of 5-(phenoxymethyl)- 
1,2,4-triazole-3-carboxylic acid, reaction time 96 h. 
Product yield: 310 mg (89%).

1Н NMR spectrum (DMSO-d6), δ, ppm: 5.16 
(2Н, s, 5-CH2); 6.96 (1H, t, J = 7.30 Hz, 4СН, Ph); 
7.04 (2H, d, J = 8.00 Hz, 2CH and 6CH, Ph); 7.30 
(2H, t, J = 7.91 Hz, 3CH, and 5CH, Ph); 7.79 and 
8.10 (2H, 2s, NH2). 

13C NMR spectrum (DMSO-d6), 
δ, ppm: 62.17; 114.68; 121.16; 129.57; 152.69; 
157.34; 157.89; 159.08. For C10H11N4O2, m/z [M+H]+  
calculated: 219.22; found: 219.20. 

Amide 5-[(benzyloxy)methyl]-1,2,4-triazole- 
3-carboxylic acid (6h)

350 mg (2.45 mmol) of 5-[(benzyloxy)-  
ethyl ethermethyl]-1,2,4-triazole-3-carboxylic acid,  
reaction time 72 h. Product yield: 240 mg (77%). 

1H NMR spectrum (DMSO-d6), δ, ppm: 4.57 
(2H, s, 5-CH2); 4.60 (2H, s, CH2Bn); 7.28–7.37 (5H, 
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m, СНBn); 7.72 and 8.02 (2H, 2s, NH2). 
13C NMR 

spectrum (DMSO-d6), δ, ppm: 63.68; 71.75; 127.63; 
127.77; 128.28; 137.74; 153.21; 157.50; 159.48. For 
C11H13N4O2, m/z [M+H]+ calculated: 233.25; found: 
233.22. 

Amide of 5-hydroxymethyl-1,2,4-triazole- 
3-carboxylic acid (6j)

0.52 g (2.44 mmol) mixtures of ethyl esters 
of 5-acetoxymethyl- and 5-hydroxymethyl-1,2,4- 
triazole-3-carboxylic acid, reaction time 72 h.  
Product yield: 270 mg (77%).

1H NMR spectrum (DMSO-d6), δ, ppm: 4.55 
(2H, s, 5-CH2); 7.49 and 7.76 (2H, 2s, NH2). 
13C NMR spectrum (DMSO-d6), δ, ppm: 55.98; 
154.83; 159.70; 160.69. For C4H7N4O2, m/z [M+H]+ 
calculated: 143.12; found: 143.09.

CONCLUSIONS

By applying the method of parallel synthesis  
to the solution of the problem of obtaining  
5-substituted 1,2,4-triazole-3-carboxamides, it 
was possible to expand the range of their synthetic 
availability. The physicochemical characteristics of  
the obtained series of new 5-alkoxy/aryloxymethyl-
1,2,4-triazole-3-carboxamides were studied. 
In addition, the demonstrated possibility for 
these compounds to be used as substrates of a 
transglycosylation reaction catalyzed by genetically 
engineered nucleoside phosphorylases allowing  
the synthesis new potentially pharmacologically  

active analogs of deoxynucleosides by a 
chemico-enzymatic method. The esters of 
5 - a l k o x y / a r y l o x y m e t h y l - 1 , 2 , 4 - t r i a z o l e - 3 -
carboxylic acids obtained in the course of this  
work can also be used for the synthesis of 
ribonucleosides by chemical glycosylation methods. 
As a result of the conducted research, a method 
for obtaining 5-alkoxy/aryloxymethyl-1,2,4-
triazole-3-carboxamides, comprising heterocyclic 
bases of nucleoside analogs and esters of 5-alkoxy/
aryloxymethyl-1,2,4-triazole-3-carboxylic acids 
as convenient precursors of chemical ribosylation, 
was introduced into the synthesis procedure. Thus, 
a necessary synthetic base has been created for the  
study of ribavirin analogs with 5-alkoxy/
aryloxymethyl substituents.
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