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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 f3-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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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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AHHOMAQyus

Ienu. Knwuesass cmadus CuHmMe3a AaHAL0208 NPUPOOHbIX HYKAeo3udoe — obpazosaHue
2NIUKO3UOHOU C8S13U MeNHOY Y2/le800HbIM (PPAZMEHMOM U 2eMEPOUUKNULECKUM OCHOBAHUEM.
MemoOblL 2nuko3unupo8aHus pasiuuaromest no pesuo- u cmepeocenekmusHocmu. Depmer-
mamueHas. peaKyusl, Kamaausupyemas 2eHHO-UHIKEeHEePHbIMU HYKieo3udgocgopunazamu —
nepcneKxmugHblilL Memoo 8blLCOKOCNEeUUPUUHO20 CUHME3A HO8bLX (PaPMAKOI02UUECKU AKMUBHbBLX
coedurerull. [laHHOe uccie008aHUe NOCBAULEHO CUHMe3Yy bubiuomeKu aHA10208 2emepoyUuKaAU-
YecKux 0CHO8AHUL HYK1eo3udo8 — 5-oxcumemun-1,2,4-mpuaszon-3-kapboxcamuoos ok U3yUueHUs
cybcmpamHoli cneyupuuHoCcmu 2eHHO-UHIKEeHePHbLX HYKieo3udgocgopunas.

Memoobst. /{ns napanienvHoz0 CuHmesa Ho8blX 5S-ankokcu/apuniokcumemun 1,2,4-mpuasos-
3-kapbokcamudoe npumeHeH mMemood YUKAUIAYUUU AUUNAMUOPA30HO8, NOAYUAeMbLX U3 eOUHO20
cuHmemuueckozo npedwecmgeHHuka - JB-N-mpembymunoxcukapboHUN-0KCANAMUOPA3OHA.
s ebloeneHust U OUUCmMKU CUHMEe3UPO8AHHbBLX COeOUHEeHUT UCNO/Ib308AHA KOJIOHOUHASL XPOMA-
moepacgus Ha cunukazene. Cmpykmypa noayueHHsblx 8 pabome coeduHeHull noomeepicoeHa
KOMNIEKCOM Memo008 (hpU3UKO-XUMUUECKO20 AHANU3A: cheKkmpocKkonuell 10epH020 MA2HUMHO-
20 pe30HaHCA U XPomMamo-macc-cnexmpomempomempueti.

Pesynemamet. I[lonyueHvl S-ankorxcu/apunoxcumemun-1,2,4-mpuaszon-3-kapbokcamuosl
011 usyueHusi cybcmpamHoli cneyugpuuHocmu 2eHHO-UHIKEHEPHBbLX HYK1eo3udgocgopunas.
ITo pesynbmamam npedsapumenbHoll OUeHKU NOKA3GHA 803MOIKHOCMb NOAYUEHUSL U3 HUX
HO8bIX HAI0208 HYKE03UO08 XUMUKO-(hEePMEeHMAMUBHbIM MEMOOOM.

BobLeoost. /lns cepuu HO8blx 5S-ankokcu/apuniokcumemun-1,2,4-mpuason-3-kapbokcamudos
UsyueHsbl PUIUKO-XUMUUECKUEe XapaKmepucmuku, a makike Uux CnocobHoCcmb eblcmynamb
8 poau cybcmpamog peaKyuu MmMpAaHCeAUKOSUNUPOBAHUS, KAMAAUIUPYEMOU HYKIeo3Uo-
gocopunazamu.
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Knroueevle cnosea:

aHanoeu HYyK1eos3uoos, S-okcumemun-1,2,4-mpuason-3-kapboxcamuobt,

napasnenbHlil cuHmes, Hykieo3udgocgopunassl, cybcmpamHas cneyuguuHoOCMb.

s yumuposanusn: ITpedenkuna JLE., TlpytkoB A.H., Marees A.B., Uyaunos M.B. Cunte3 S-okcumeruii-

1,2,4-Tpua3zoin-3-kapOOKCaMHUIOB. Tonxue
org/10.32362/2410-6593-2022-17-4-311-322

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 B-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 B-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
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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-B-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-triazole-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 B-N-Boc-oxalamidrazone (a),
(where Boc is the fert—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 [-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 Sa-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 'H
and C 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 wused to obtain

0]

N

HN _ Method |
’?\—COOEt
BocHN—NH
a
HN
}—COOEt
HN_NH Method Il

R«ob

¢ R /N/ COOEt
Toluene, Py :&—R/
(o3

90°C, 12 h

R = alkyl, aryl

Scheme 1. 5-Substituted 1,2,4-triazole-3-carboxamide derivatives main synthesis methods
(Boc is fert-butyloxycarbonyl; Et is ethyl; Py is pyridine).
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Scheme 2. Synthesis of ethyl f-N-Boc-oxalamidrazone (Boc is fert-butyloxycarbonyl; Et is ethyl).
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Scheme 3. Synthesis of 5-alkoxy/aryloxymethyl-1,2,4-triazole-3-carboxamides 6a-h (Et is ethyl; Py is pyridine).

H4C Py
3+ OCH,COCl —————»
115°C,20 h
7 HsC

N__COOEt
HO/\% @/ NH
HN— 3
_ _—

CONH
HO/\( R/ 2

H,0/CH3OH 6]

)\o /\( R/COOEt

Scheme 4. Synthesis of 5-hydroxymethyl-1,2,4-triazole-3-carboxamide 6j (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 pum;
sorbent layer thickness is 90-120 pum; 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 A (0.040-0.063 mm)
silica gel (Merck, Germany) was used for column
chromatography.

'"H and *C NMR spectra were recorded on a
DPX-300 instrument (Bruker, Germany) with a
resonant frequency for protons of 'H = 300 MHz,
BC = 75 MHz. Notation in 'H 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 CI18 column (Phenomenex, USA) in gradient
mode with electrospray ionization (150 x 4.6 mm,
particle size is 3 pum, pore size is 100 A. 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 Se 5f 5¢g 5h 5i+5j
Yield, % 57 22 45 36 31 14 63 59 -
Compound 6a 6b 6¢ 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

N
CONH
Enzyme, HO /\g/ R/ 2
posphate Enzyme 5 RO _
(0]

o o N__CONH
Nuc - = O—IB—O +RO/\H§ @/ 24— I
H X d) -
H
H X

Nuc = Inosine, Deoxyuridine Enzyme = PNP/UP E.Coli X = OH(PNP); H(UP)

8 9

No. R PNP (0] 4
6a Me - +
6b n-Pr - +
6¢ n-Bu - +
6d n-C, H,, — _
6e ~CH,CH,0Me - .
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 pL.
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-B-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%), T, = 178-180°C.

'H NMR  spectrum  (dimethyl  sulfoxide
(DMSO)-d)), 3, ppm: 1.23 (3H, t, J = 7.14 Hz,
CH,CH,); 1.43 (9H, s, C(CH,),); 4.19 (2H, q, /= T7.14
Hz, CH,CH,); 6.21 (2H, s, NHNH); 9.22 (1H, s, NH).
“C NMR spectrum (DMSO-d,), 6, ppm: 13.90; 28.01;
61.31;79.12;136.70; 152.51; 162.09. For CH ,N.O

187 374

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-B-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 | M
aqueous HCI solution was added to the residue
and extracted 3 times with ethyl acetate in equal
portions. The organic phases were combined and
dried Na,SO,, 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-B-N-Boc-oxa-
lamidrazone 3, 10 mL of absolute pyridine, 0.85 mL
(9.31 mmol) of methoxyacetic acid chlorangidride.
R.=0.58. Product yield: 0.46 g (57%).

'H NMR spectrum (CDCl,), 8, ppm: 1.40 (3H, t,
J =17.14 Hz, CH,CH,); 3.47 (3H, s, CH,OCH,); 4.46
(2H, q,J=7.14Hz, CH,CH,); 4.72 (2H, s, CH,OCH,).
P"C NMR spectrum (CDCL,), 6, ppm: 13.91; 58.86;

61.96; 65.69; 153.24; 156.19; 159.52. For C.H, N,O

11" 373

m/z [M+H]" calculated: 186.19; found: 186.17.

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

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

'H NMR spectrum (CDCL), 6, ppm: 1.16
(3H, t, J = 7.00 Hz, CH,0-CH,CH,); 1.35 (3H, t,
J=17.14Hz, COO-CH,CH,); 3.59 (2H, q,J=7.01 Hz,
CH,0-CH,CH,); 4.42 (2H, q, /= 7.14 Hz, CH,CH,);
4.73 (2H, s, CH,O-CH,CH,). "C NMR spectrum
(CDCl,), 6, ppm: 14.09; 14.84; 62.08; 64.13; 67.08;
153.92; 156.57; 159.65. For C.H ,N,O,, m/z [M+H]"

1377373

calculated: 200.22; found: 200.20.

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

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

'H NMR spectrum (CDCI,), 6, ppm: 0.90 (3H,
t, J = 7.32 Hz, O(CH,),-CH,); 1.30-1.43 (2H,
m, O(CH,),-CH, CH,); 1.41 (3H, t, J = 7.14 Hz,
CO-CH,CH,); 1.54-1.64 (2H, m, OCN,CH,CH,CH,);
3.58 (2H, t, J = 6.63 Hz, O-CH(CH,),CH,); 4.46
(2H, q, J = 7.14 Hz, CO-CH,CH,); 4.73 (2H, s,
CH,(CH,),0CH,-). “C NMR spectrum (CDCL,),
o, ppm: 13.80; 14.20; 19.11; 29.66; 31.44; 62.13;
64.71;71.74;154.10; 156.77; 159.60. For C, H,_N.O

1777373

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

'H NMR  specrtum (CDCL), 8, ppm:
0.83-0.87 (3H, m, CH,CH,-CH,); 1.23
(14H, s, OCH,CH,~(CH,).CH,); 1.40 (3H, ¢,
J = 7.14 Hz, COOCH,-CH,); 1.54-1.63 (2H, m,
OCH,-CH,(CH,),CH,); 3.56 (2H, t, J = 6.72 Hz,
0-CH,(CH,),CH,);4.46(2H,q,/=7.14Hz,COO-CH,CH,);
4.73 (2H, s, CH,(CH,),0CH,-). "C NMR spectrum,
(CDCl,), 6, 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 C, H N.O., m/z [M+H]" calculated:

167729 "33

312.43; found: 312.41.
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Ethyl ether 5-[1-(2-methoxy)ethoxymethyl]-
1,2,4-triazole-3-carboxylic acid (Se)

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

'H NMR spectrum (CDCL,), 6, ppm: 1.39 (3H,
t,J=7.11 Hz, COO-CH,CH,); 3.45 (3H, s, CH,O-CH,);
3.60-3.63 (2H, m, CH,-CHOCH,); 3.76-3.79
(2H, m, O-CH,CH,0CH,); 4.45 (2H, q, J = 7.14 Hz,
COO-CH,CH,); 4.82 (2H, s, -CH ,OCH,CH,OCH,).
“C NMR spectrum (CDCL), 8, ppm: 14.19; 59.01;
61.91; 65.42; 70.74; 71.82; 154.86; 156.51; 159.83.
For C/H N.,O,, 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-B-N-Boc-oxalamid-
razone 3, 15 mL of absolute pyridine, 7.74 g
(57 mmol) isopropyloxyacetic acid chlorangidride.
R.=0.45. Product yield: 0.78 g (14%).

'H NMR spectrum (CDCL,), 8, ppm: 1.22 (6H, d,
J=6.17 Hz (CH,),CHO-); 1.42 3H, t, J = 7.14 Hz,
COO-CH,CH,); 3.73-3.81 (IH, m, (CH,),~CHOCH,);
4.47 (2H, q, J = 7.12 Hz, COO-CH,CH,); 4.74 (2H,
s, (CH,),CHO-CH,)). “"C NMR spectrum (CDCL,),
S, ppm: 14.19; 21.84; 62.09; 62.23; 73.03; 154.26;
156.95; 159.69. For C,H N,O,, m/z [M+H]"

167373

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

'H NMR spectrum (CDCl,), 3, ppm: 1.34 (3H,
t, J = 7.14 Hz, CH,Et); 4.38 (2H, q, J = 7.14 Hz,
CH,EY); 5.29 (2H, s, 5-CH,); 6.88 (2H, d, J = 8.19 Hz,
2-CH, and 6-CH Ph); 6.97 (1H, t, J = 7.39 Hz,
4-CHPh);7.25(2H,t,J=7.98 Hz, 3-CH, and 5-CHPh).
“C NMR spectrum (CDCL,), 3, ppm: 14.03; 61.98;
62.31; 114.46; 121.90; 129.62; 153.42; 155.78;
157.41; 159.47. For C H N,O,, m/z [M+H]"

1477373

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-B-N-Boc-oxalamid-
razone 3, 30 mL of absolute pyridine, 23.50 mL

(149 mmol) of benzyloxyacetic acid chlorangidride.
R.=0.63. Product yield: 10.71 g (59%).

'H NMR spectrum (CDCl,), 8, ppm: 1.40 (3H, t,
J=7.14 Hz, CH,Et); 4.45 (2H, q, /= 7.1 Hz, CH,Et);
4.61 (2H, s, 5-CH,); 4.77 (2H, s, CH,Bn); 7.28-7.36
(5H, m, CHBn). "C NMR spectrum (CDCL,), 8, ppm:
14.15; 62.13; 62.35; 72.35; 128.00; 128.25; 128.56;
136.57; 153.79; 156.45; 159.54. For C ,H N.O,, m/z

16 373

[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-B-N-Boc-oxalamid-
razone 3, 10 mL of absolute pyridine, 1.00 mL
(9.29 mmol) of acetoxyacetic acid chlorangidride.
R. = 0.65 (main product); R, = 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.

'H NMR spectrum (CDCl,), 8, ppm: 1.37 (3H, t,
J = 7.3 Hz, CH,Et, impurity); 1.38 (3H, ¢,
J = 7.13 Hz, CH,Et, main product); 2.09 (3H, s,
CH, acetyl group, main product); 4.44 (2H, q,
J = 7.16 Hz, CH,Et, main product); 4.45 (2H, q,
J =7.16 Hz, CH,Et, impurity); 4.65 (2H, s, 5-CH,,
impurity); 5.32 (2H, s, 5-CH,, main product).

"C NMR spectrum (CDCL), 8, ppm: 13.98
(CH,Et, impurity); 14.03 (CH,Et, main product);
20.48 (CH, acetyl group, main product); 57.54
(5-CH,, main product); 60.54 (5-CH,, impurity);
62.41 (CH,Et, main product); 62.70 (CH,Et,
impurity); 151.61 (C3, impurity); 152.36 (C3, main
product); 155.44 (C°, 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%).

'H NMR spectrum (DMSO-d,), 6, ppm: 3.30 (3H,
s, CH, MeO); 4.49 (2H, s, 5-CH,); 7.71 and 8.01 (2H,
2s, NH,).”C NMR spectrum (DMSO-d,), 3, ppm:
57.96; 65.82; 153.38; 157.41; 159.60. For C.HN,O

9" 472

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.

'H NMR spectrum (DMSO-d,), 3, ppm: 1.12
(3H, t, J = 698 Hz, -CH,CH,); 3.51 (2H, q,
J = 6.98 Hz, CH,CH,); 4.5 (2H, s, -O-CH,); 7.69
and 7.99 (2H, 2s, CONH,)). “"C NMR spectrum
(DMSO-d,), 6, ppm: 14.94; 63.89; 65.52; 153.40;
157.58; 159.61. For CH NO, m/z [M+H]"

11" 7472°

calculated: 171.18; found: 171.15.

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

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%). T = 125°C (partially),
135-136°C (completely).

'H NMR spectrum (DMSO-d,), 6, ppm: 0.84
(3H, t, J = 6.47 Hz, CH,~CH,); 1.25-1.50 (4H, m,
CH,-CN,CH,CH,); 3.44 (2H, t, J= 5.99 Hz, -CH 0);
4.34 and 4.5 (2H, s, OCH,-); 7.68 and 7.99 (2H, 2s,
CONH,). *C NMR spectrum (DMSO-d,), 8, 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
CH N,O,, m/z [M+H]" calculated: 199.23; found:

157 472

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%). T, = 140°C (partially), 153-155°C
(completely).

'H NMR spectrum (DMSO-d,), 6, ppm: 0.84
(3H, t, J = 6.24 Hz, (CH,),—CH,); 1.22 (14H, s,
CH,~(CH,),CH,); 1.49 (2H, m, —-CH,CH,0); 3.43
(2H, t, J = 6.52 Hz, -CH, 0); 4.49 (2H, s, O-CH,);
7.69 and 7.99 (2H, 2s, CONH,). "C NMR spectrum
(DMSO-d)), 6, 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 C H _N,O

147727 74722

283.39; found: 283.37.

m/z [M+H]" calculated:

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%).
T, =109-112°C.

'H NMR spectrum (DMSO-d,), 8, ppm: 3.22
(3H, d, O-CH,); 3.43-3.46 (2H, m, O-CH,CH,);
3.57-3.60 (2H, m, OCH,~CH,); 4.54 (2H, d, OCH -);
7.70 and 8.01 (2H, 2d, CONH,).”C NMR spectrum
(DMSO-d,), 3, ppm: 58.07, 64.38; 69.35; 71.09;
153.25; 157.55; 159.53. For C_.H N, O,, m/z [M+H]*

7137 473

calculated: 201.20; found: 201.17.

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

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

'H NMR spectrum (DMSO-d,), 8, ppm: 1.11
(6H, d, J = 6.08 Hz, (CH,)-CH,); 3.63-3.73 (1H, m,
(CH,)-CH,-0); 4.50 (2H, s, -O—CH,); 7.66 and 7.96
(2H, s, CONH,). “"C NMR spectrum (DMSO-d,),
o, ppm: 21.85; 61.52; 70.96; 153.50; 157.80; 159.67.
For CH N,O, m/z [M+H]" calculated: 185.20;

7713

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%).

'H NMR spectrum (DMSO-d,), 8, ppm: 5.16
(2H, s, 5-CH,); 6.96 (1H, t, J = 7.30 Hz, 4CH, 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, NH,). "C NMR spectrum (DMSO-d,),
o, ppm: 62.17; 114.68; 121.16; 129.57; 152.69;
157.34; 157.89; 159.08. For C, H, N O, m/z [M+H]*

107711 472

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%).

'H NMR spectrum (DMSO-d,), 8, ppm: 4.57
(2H, s, 5-CH,); 4.60 (2H, s, CH,Bn); 7.28-7.37 (5H,
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m, CHBn); 7.72 and 8.02 (2H, 2s, NH,). "C NMR
spectrum (DMSO-d,), 3, ppm: 63.68; 71.75; 127.63;
127.77; 128.28; 137.74; 153.21; 157.50; 159.48. For
C ,H N,O,, m/z [M+H]" calculated: 233.25; found:

13774722

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%).

'H NMR spectrum (DMSO-d,), 8, ppm: 4.55
(2H, s, 5-CH,); 7.49 and 7.76 (2H, 2s, NH,).
“C NMR spectrum (DMSO-d,), &, ppm: 55.98;
154.83; 159.70; 160.69. For C,H N, O,, m/z [M+H]"

7472

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
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