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CHEMISTRY

SYNTHESIS OF NOVEL S-ALKYL DERIVATIVES OF 4-ETHYL-5-(((3-(PYRIDIN-4-YL)-1H-1,2 4-
TRIAZOL-5-YL)THIO)METHYL)-4H-1,2,4-TRIAZOLE-3-THIOLS

Abstract

Karpun Ye.
Zaporizhia State Medical University
Zaporizhzhia, Ukraine

1,2,4-triazole belongs to one of the most promising heterocyclic systems in the world. This paper reports on
the synthesis and structure of new alkyl derivatives of 4-ethyl-5-(((3-(pyridin-4-yl)-1H-1,2,4-triazol-5-yl)thio)me-
thyl)-4H-1,2,4-triazole-3-thiol (1) and study some of their physicochemical properties. The chemical structure was
evaluated through NMR spectroscopic analysis, Elemental analysis (CHNS), Gas-Chromatographic mass spectral
analysis. Nucleophilic substitution reaction of 4-ethyl-5-(((3-(pyridin-4-yl)-1H-1,2,4-triazol-5-yl)thio)methyl)-
4H-1,2,4-triazole-3-thiol (1) was studied using a set of bromoalkanes as alkylation agents, which yielded new 4-
(5-((((5-(alkylthio)-4-ethyl-4H-1,2,4-triazol-3-yl)methyl)thio)-1H-1,2,4-triazol-3-s)pyridines (2-11).

Keywords: 1,2,4-triazole, 1H NMR, synthesis, heterocyclic compounds.

INTRODUCTION

Nowadays 1,2,4-triazole belongs to one of the
most promising heterocyclic systems [1-5]. Modeling
of 1,2,4-triazole cycle containing various substituents
paves the way for further search of new biologically ac-
tive compounds. A combination of different reactivity
sites in this heterocyclic system confers possibilities for
creation of new molecules with various biological
properties.

Many of 1,2,4-triazole derivatives may potentially
find applications as effective medicines and active
pharmaceutical ingredients since they exhibit antimi-
crobial, antiviral, antifungal, and antioxidant activities
[6, 7]. In this way, development of new low-toxic drugs
based on 1,2,4-triazole derivatives with wide array of
biological activities is a promising direction in research
[8, 9].

The analysis of current literature rendered us to fo-
cus on bis-1,2,4-triazoles, which can encompass sev-
eral active pharmacophore parts. The combination of
two 1,2,4-triazole cycles increases the entire reactivity
of the molecule due to active site doubling, as well as it
positively affects the variability in substance modeling,
which may contain diverse substituents. The purpose of
our work was to synthesize new alkyl derivatives of 4-
ethyl-5-(((3-(pyridin-4-yl)-1H-1,2,4-triazol-5-
ylthio)methyl)-4H-1,2,4-triazole-3-thiol (1) and study
some of their physicochemical properties.

EXPERIMENTAL

Reagents

The starting compound 4-ethyl-5-(((3-(pyridin-4-
yl)-1H-1,2 4-triazol-5-yl)thio)methyl)-4H-1,2,4-tria-
zole-3-thiol (1) (Fig. 1) was synthesized at the Depart-
ment of Natural Sciences for Foreign Students and Tox-
icological Chemistry of Zaporizhzhia State Medical
University. Bromomethane (98%), bromoethane
(98%), 1-bromopropane (98%), 1-bromobutane (98%),
1-bromopentane (98%), 1-bromohexane (98%), 1-bro-
moheptane (98%), 1-bromooctane (98%), 1-bromo-
nonane (98%) and 1-bromodecane (98%) were ob-
tained from Sigma-Aldrich (Germany). All chemicals
and solvents used in the synthesis were of analytical
grade.

N—NH r\/l/'\ﬁ\
_ /N)\S/\LN SH
N_/ /

Fig. 1. Structure of 4-ethyl-5-(((3-(pyridin-4-yl)-1H-

1,2,4-triazol-5-yl)thio)methyl)-4H-1,2,4-triazole-3-
thiol (1)

Equipment

The identity of 4-(5-((((5-(alkylthio)-4-ethyl-4H-
1,2,4-triazol-3-yl)methyl)thio)-1H-1,2,4-triazol-3-
yl)pyridines (2-11) has been confirmed by gas chroma-
tography via Agilent 7890B GC system connected with
Agilent 5977B mass spectrometry detector (USA). The
column used for separation was DB-5ms with the fol-
lowing dimensions: 30 m x 250 um x 0.25 um. Carrier
gas (helium) flow rate was 2.0 mL/min. Injection vol-
ume: 0.5 pL. Flow split was 1:20. Temperature of the
injection system was programmed as follows: 300 °C
— 10 °C/s — 310 °C. Oven temperature: programma-
ble, with initial temperature of 130 °C (1 minute delay)
— 20 °C/min — 250 °C. (delay 5 min). Total time of
chromatographic run was 12 min. GS-MS interface was
thermostatted at 280 °C; ion source temperature was
230 °C; temperature of quadrupole mass analyzer was
150 °C. Type of ionization: electron impact (EI) with
electron energy of 70 eV. Range of scanned mass ra-
tios: 50-500 m/z.

Melting points were determined according to open
capillary method using OptiMelt MPA100 apparatus
(USA) equipped with platinum RTD sensor and tem-
perature measurement possibility of up to 400 °C and
0.1 °C resolution.

Elemental analysis of the synthesized compounds
was afforded using Elementar Vario L cube multipur-
pose elemental analyzer (CHNS) produced by Analy-
sensysteme GmbH (Germany) using sulfanilamide as
the standard.
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'H NMR spectra were recorded at 400 MHz and
100 MHz using Varian MR-400 spectrometer with
DMSO-ds as the solvent. Spectra were processed via
ADVASP™ Analyzer software (Umatek International
Inc.). Chemical shifts are reported in ppm (8 scale)
down field with residual protons of the solvent

(DMSO-ds) present at 6 = 2.49 ppm and using a com-
mon internal standard.

Chemical synthesis

The derivatives of 4-ethyl-5-(((3-(pyridin-4-yl)-
1H-1,2,4-triazol-5-yl)thio)methyl)-4H-1,2,4-triazole-
3-thiol (1) were synthesized applying widely known
and accepted method described in works [10].

N/NH |
/)—S C CH;
O C\H
CHj,
+ H2N_NH2
[\/]/NH H2(|?
S-C -C
AN | - C4H,0H
HN-NH,
Y
+ NaOH
o)
N-NH N-N 7 N/NH
N H,C—-C
| )>—s-C ’N>\SN§+ 2 on /%s c{
=( " b = N‘CH
\ SoMs _ _& \ 2
N_/ HsC HsC C\o-_N; N_Z 1 HyC

Fig. 2. Synthesis of 4-ethyl-5-(((3-(pyridin-4-yl)-1H-1,2,4-triazol-5-yl)thio)methyl)-4H-1,2,4-triazole-3-thiols (1)

Physical and chemical characteristics of the start-
ing thiol 1 (Table 1) have been previously described by
other authors and, thus, are known [11]. The alkylation
of 4-ethyl-5-(((3-(pyridin-4-yl)-1H-1,2 4-triazol-5-
ylhthio)methyl)-4H-1,2,4-triazole-3-thiol (1) was con-

ducted using the corresponding bromoalkanes in iso-
propanol medium with an addition of equivalent
amount of KOH. This afforded a series of new
derivatives (Fig. 3).

N/NH N/NH N-N
/%s C { >\SH Br—Alk; OH OH /%s C L >\S Alk
= H C B & H C
2
N/ 1 “CHs N/ 211 ° CHy

Alk = -CH3 to -C10H21

Fig. 3. Synthesis of 4-(5-((((5-(alkylthio)-4-ethyl-4H-1,2,4-triazol-3-yl)methyl)thio)-1H-1,2,4-triazol-3-s)pyri-
dines (2-11).

The synthesized compounds appear as light red
crystalline substances, which are soluble in water (2-6)
and organic solvents (2-11). For analytical purposes,
the obtained compounds were purified via recrystalli-
zation from methanol.

General procedure for the synthesis of com-
pounds 2-11

The next step in our work was to obtain the series
of  4-(5-(((5-(alkylthio)-4-methyl-4H-1,2 4-triazol-3-
yl)methyl)thio)-1H-1,2,4triazol-3-yl)pyridine  deriva-
tives. A number of the corresponding bromoalkanes
were used as alkylating agents (Scheme 2). The reac-
tion was carried out according to the widely known
method described in the previous works [11]. A mix-

ture of sodium hydroxide (0.01 mol, 0.40 g) and 4-me-
thyl-5-(((3-(pyridin-4-yl)-1H-1,2 4-triazol-5-
ylthio)methyl)-4H-1,2,4-triazole-3-thiol (0.01 mol,
3,05 g) in methanol was heated until the solid was dis-
solved and after this add bromomethane (0.01 mol, 0.95
g). After cooling the residue was filtered, dried and re-
crystallized from water-methanol (1:1).

RESULTS AND DISCUSSION

Structures of the synthesized compounds were
confirmed using a set of appropriate physical and in-
strumental methods of analysis. Identity and fragmen-
tation of the compounds were studied by GC-MS.
Physicochemical parameters of the obtained com-
pounds 2-11 are given in Table 1.
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Table 1.
Physicochemical properties of the synthesized compounds
compd. | Atk '\Qggm';f MW, | e ) \E(')ZI) d Elemental analysis: calc. (found)
C H N s
1 - CoMuNS: 31941 LOT 80 (igég) (j:ég) (ggf;g) (igigg)
2 | CHs | CuHisNsS, | 33343 118991_ £2 (32:5732) (j:gg) (gg:%) (ig:ig)
3 | CoHs | CuHuN:S, 347.46  186-188 78 (igfgi) (j:?g) éﬁj?;é, (ig:gg)
4 | CiHr | CisHioNsS, | 361.49 | 205-207 | 76 (jg:gg) (giig) é;ié% (g:;j)
5 | CiHo | CisHzN:S, | 37551 197199 89 (giig) (gigg) (gg%) (%:g%
6 | CsHu | CuHzsN:S, | 38954 111-113 81 (25235) (g:gg) ég:g) (12‘518)
7 | CoMis | CisHasN:S, | 40357 | 205-207 | 86 (22:451;) (2;53) éjﬁig) &2122)
8 | CrHis | CuHzN:S, | 417.59 | 176-178 | 72 (gj:gg) (g:g% égéi) (g:gg)
9 | CoHir | CaoHzoN:S, | 431.19 | 208210 79 (ggﬁﬁg) (gigg) ég:;g) (iigg)
10 | CoHio | CaHaiN7S; | 445.65 | 169-171 | 86 (ggjgg) (;%) ég:gg) (ijgg)
11| Cubb | CaHauNiS: 45968 Yo | 73 (g;jg) (;é‘zl) éi:ig) (ﬁ:gg)

After establishing the melting points and ele-
mental composition, the next step was GC-MS analysis
of the synthesized compounds. Main chromatographic
parameters were obtained, including retention times,
peak areas, and mass-to-charge ratios. Hard ionization
conditions produced pseudo-molecular peaks of the
corresponding compounds with mass-to-charge ratios

lower by one point. The most suitable explanation for
this is that molecules lost one hydrogen atom during the
ionization. Mass spectrum of 4-ethyl-5-(((3-(pyridin-4-
yl)-1H-1,2,4-triazol-5-ythio)methyl)-4H-1,2,4-tria-
zole-3-thiol (1) is characterized by the presence of a
very weak molecular peak at 318 m/z (fig. 4).

x10 4 + Scan (rt: 12.575-12.675 min «10 7
7 2151 719
6 192 e 4 12.419
5 3 ‘
4 178.0 |
3 10 248 1 2
. 3182
2 2852 i
; 780 119.0 159.0 1
0 ‘ T ‘ T T ‘ T ‘ = ‘ T
60 80 100 120 140 160 180 200 220 240 260 280 300 320 195 13 13‘ 5
Counts vs. Mass-to-Charge (m/z) : :

Fig 4. Chromatographic and mass spectrometric parameters of 4-ethyl-5-(((3-(pyridin-4-yl)-1H-1,2,4-triazol-5-
yhthio)methyl)-4H-1,2,4-triazole-3-thiol (1)
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Application of EI yields spectra rich in fragment
ions, which allowed for unambiguous identification of
the starting thiol compound (1). Main ionization path-
ways for 4-ethyl-5-(((3-(pyridin-4-yl)-1H-1,2 4-tria-
zol-5-yl)thio)methyl)-4H-1,2,4-triazole-3-thiols (1) in-
clude loss of thiol group, breakage of S-methyl bond

HN—

N
L %s/\< /z

SH*

/ !

HN-
O,{ " / \C§ ;
N

m/z: 243.06

bridging two 1,2,4-triazole cycles together, detachment
of ethyl (-CH2-CHs) substituent, loss of pyridine ring,
and opening of the two 1,2,4-triazole rings (Fig. 5). A
similar fragmentation path was introduced by scientists
from Iran [12].

m/z: 241.03 \ N,NH

)—s w2l >\SH

/N:,\i%s( /1}1\/
Salyan.

m/z: 192.05

HN-NH HN-NH
= >:S //< BN
Ny HS /N
NS

m/z: 178.03 //

m/z: 173.01
Fig 5. Mass spectrometric fragmentation pattern of 4-ethyl-5-(((3-(pyridin-4-yl)-1H-1,2,4-triazol-5-yl)thio)me-
thyl)-4H-1,2,4-triazole-3-thiol (1)

According to the observed mass-spectrometric be-
havior of the compound investigated under hard ioniza-
tion conditions, it is safe to say that this compound is
congruent with 4-ethyl-5-(((3-(pyridin-4-yl)-1H-1,2,4-
triazol-5-yl)thio)methyl)-4H-1,2,4-triazole-3-thiol (1)
structural characteristics.

N:N
— H*
— N/)\s \C°N’N\\C
NS
/ miz: 275.02
N—N
HN- NH /
C. I
H,
H3 |
\ m/z: 285.08
B
=
S N
m/z: 105.05

The studied behavior of the S-substituted alkyls
under GC-MS conditions is very similar with respect to
each other, and hence only compound 4-(5-((((5-(bu-
tylthio)-4-ethyl-4H-1,2 4-triazol-3-yl)methyl)thio)-
1H-1,2,4-triazol-3-s)pyridine (5) was selected to illus-
trate the properties of the entire set (Fig. 6).

x10 4 + Scan rt: 14.341-14.397 min x10 6
n theo 191.0 2151 2471 4] 1435
35
34
3
2 25
1320 289.1 2
1] 78.0 1540 Hopey 3762
147.0 1.5 T
0 ; — T ; T - — - ; f ; ? t —
60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 143 144 145
Counts vs. Mass-to-Charge (m/z)

Fig. 6. Chromatographic and mass spectrometric parameters of 4-(5-(((4-ethyl-5-butyllthio)-4H-1,2,4-triazol-3-
yhmethylthio)-1H-1,2,4-triazol-3-yl)pyridine (5).

Elongation of the alkyl chain leads to decrease in
polarity of the molecules, but, in spite of this fact, re-
tention times of compounds of higher molecular
weight, using nonpolar stationary phase, are growing.
It leads to the conclusion that the main effect that
causes increase in retention time is gain in molecular

weight despite the slight decrease in polarity. The frag-
mentation of the 4-(5-(((4-ethyl-5-butyllthio)-4H-
1,2,4-triazol-3-yl)methyl)thio)-1H-1,2,4-triazol-3-
yl)pyridine (5) is similar to the fragmentation of 4-
ethyl-5-(((3-(pyridin-4-yl)-1H-1,2,4-triazol-5-
ylthio)methyl)-4H-1,2,4-triazole-3-thiol (1) (Fig. 7).
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HN-NH N\N H
/>\S+ HN~ >/S N-N
H, NN H, / NN
HS—C _MN%S\C/C\C/CF% HN VA 4 N af\\\
HC. . Hz Ho miz: 289.11 HN ///
miz: 231.09 / m/z: 360.11
N-NH H,

(J/A s el >\s\ Cio-CHs SN
H, NN H - L /Q
Hs—CziN%s\c/CiCaCHz /111 Vi 70ev - CHa *HNZ

e:H3 Ho H / l \ m/z: 105.05

m/z: 215.06 N=N Y H =N
/>\S+ HN-NH (/N = /
7 N ><3H+
N N=N
= =
N miz: 147.07
NS
m/z: 191.04

m/z: 179.04
Fig. 7. Mass spectrometric fragmentation pattern of 4-(5-(((4-ethyl-5-butyllthio)-4H-1,2 4-triazol-3-yl)me-
thyl)thio)-1H-1,2,4-triazol-3-yl)pyridine (5).

Mass spectrometric fragmentation of 4-(5-(((4- in the region of 4.47-4.55 ppm (Fig. 8, the 'H NMR
ethyl-5-(pentylthio)-4H-1,2,4-triazol-3-yl)me- spectrum of compound 8 is geven), which corresponds
thyl)thio)-1H-1,2,4-triazol-3-yl)pyridine (6) is rather to the ethylene linker. Particular note is the spin-spin
similar to the fragmentation pathway demonstrated for interaction constant for carbon atoms — 10 - 11 in the
4-(5-(((4-ethyl-5-butylithio)-4H-1,2,4-triazol-3-yl)me-  pyridine ring, so it is significantly reduced, which
thyl)thio)-1H-1,2,4-triazol-3-yl)pyridine (5) (Fig. 7). indicates the acceptor effect of 1,2,4-triazole ring. The
The only difference between 6 and 5 in the fragmenta-  protons of the methylene groups in the alkyl moiety
tion is the shortening of the alkyl substituent by one  resonate as a two-proton triplet at 3.10 ppm and a
methylene (-CH.-) group. This applies to all synthe-  multiplet at 0.78-1.22 ppm. The ethyl substituent at the
sized compounds that are homologous having in mind  second 1,2,4-triazole ring is registered at 4.49 ppm, in
the alkyl chain. a stronger field than the S-methyl radical due to the

The 'H NMR spectra of the compounds are  manifestation of the acceptor effect of 1,2,4-triazole.
characterized by the presence of a singlet in high field

PKK-35.001.esp Mﬁ(s)
/8@5] CH, DMSO
N/ PRRE) ¢
717.82] 101438 S
2
w[s\bsl N S\ Aum iz 271\ﬂ] 0
kRl 769
N 4—N s S~ 167 21N2213.97] 241,22 N2607.22] ~CH., M04im.22)
EN 28[0778] o
045 ” Vi—s o
—
N e 12 N="7 ‘
2 N 18
040 H
1
5035
8
£
T 0309 MOB(d,108)  MOS(E117)
8
i “ o
R 2
S025 = '\
020
MO1(m,28)
015 o
MO2(m,27<">,26,25,24,23)
M09(d,20
010 MO7(m, 19) | )(d20)
MOB(s,13) 3 ‘ §§ =
S T oo
05— | Bg¥y 97 ‘ ks T5ee
i Y7+ | T P 8%
| N 4 =
N ) v\ DT, " =
1863 1870 055160 2285 1146 76.00162 469
u o Y S | [ I
T T T T T T T T T T T T T T T T T T T T T T T T T 1
85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 0

Chemical Shift (ppm)
Fig. 8. 'H NMR spectra of 4-(5-(((4-ethyl-5-(heptylthio)-4H-1,2,4-triazol-3-yl)methyl)thio)-1H-1,2,4-triazol-3-
yl)pyridine (8)

4-ethyl-5-(((3-(pyridin-4-yl)-1H-1,2 4-triazol-5- J=7.03 Hz, 2 H) 7.27 (t,J=4.27 Hz, 1 H) 7.68 (d, J=3.51
yhthio)methyl)-4H-1,2,4-triazole-3-thiol (1) Hz, 1 H) 7.86 (d, J=5.02 Hz, 1 H) 13.96 (br. s., 2 H)

White powder, *H NMR (400 MHz, DMSO-ds) & 4-(5-(((4-ethyl-5-(methylthio)-4H-1,2,4-triazol-3-
ppm 1.24 (t, J=7.03 Hz, 3 H) 3.32 (br. s, 2H) 4.20 (q,  yl)methyl)thio)-1H-1,2,4-triazol-3-yl)pyridine
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Red powder, 'H NMR (400 MHz, DMSO-dg) §
ppm 1.18 - 1.20 (m, 3 H) 2.53 (br. s., 3 H) 3.69 (s, 2 H)
4.16 - 4.32 (m, 2 H) 7.82 (d, J=5.02 Hz, 2 H) 8.60 (d,
J=5.02 Hz, 2 H)

4-(5-(((4-ethyl-5-(ethylthio)-4H-1,2,4-triazol-3-
yhmethyl)thio)-1H-1,2,4-triazol-3-yl)pyridine

Red powder, 'H NMR: (400 MHz, DMSO-ds) §
1.09 (t, J=7.1 Hz, 3H,), 1.36 (t, J = 7.1 Hz, 3H), 3.17
(9, J=7.1Hz, 2H), 3.90 (q, J = 7.1 Hz, 2H), 4.46 ( s
2H), 7.66 (ddd, J = 5.2, 2.7, 0.4 Hz, 2H), 8.62 (ddd, J =
5.2,1.8,0.4 Hz, 2H).

4-(5-(((4-methyl-5-(propylthio)-4H-1,2,4-triazol-
3-yl)methyl)thio)-1H-1,2,4-triazol-3-yl)pyridine

Red powder, 'H NMR (400 MHz, DMSO-dg) &
ppm 0.77 - 0.89 (m, 3 H) 1.10 - 1.22 (m, 3 H) 1.87 (q,
J=7.03 Hz, 2 H) 3.71 (s, 2 H) 3.95 - 4.05 (m, 2 H) 4.40
(t, J=7.03 Hz, 2 H) 7.83 (d, J=5.02 Hz, 2 H) 8.59 (d,
J=5.00 Hz, 2 H)

4-(5-(((4-ethyl-5-(butylthio)-4H-1,2,4-triazol-3-
yl)methyl)thio)-1H-1,2,4-triazol-3-yl)pyridine

Red powder, 'H NMR (400 MHz, DMSO-dg) §
ppm 0.88 (t, J=6.50 Hz, 3 H) 1.26 (t, J=7.50 Hz, 3 H)
1.81-1.88 (m, 2 H) 2.63 (br.s., 2 H) 3.78 (s, 2 H) 3.92
(s, 2 H) 4.45 - 450 (m, 2 H) 7.83 (d, J=4.50 Hz, 2 H)
8.65 (d, J=4.50 Hz, 2 H)

4-(5-(((4-ethyl-5-(pentylthio)-4H-1,2,4-triazol-3-
ylmethyl)thio)-1H-1,2,4-triazol-3-yl)pyridine

Red powder, 'H NMR (400 MHz, DMSO-dg) 8
ppm 0.72 - 0.85 (m, 3 H) 1.10 - 1.32 (m, 8 H) 1.81 -
1.89 (m,3H) 3.69 (s, 2 H) 4.38 - 4.45 (m, 2 H) 7.82 (d,
J=4.52 Hz, 2 H) 8.59 (d, J=4.52 Hz, 2 H)

4-(5-(((4-ethyl-5-(hexylthio)-4H-1,2,4-triazol-3-
yl)methyl)thio)-1H-1,2,4-triazol-3-yl)pyridine

Red powder, 'H NMR (400 MHz, DMSO-dg) §
ppm 0.73 - 0.87 (m, 3 H) 1.09 - 1.33 (m, 10 H) 1.83 -
1.95(m, 3H) 4.49 (t, J=7.03Hz, 2 H) 4.56 (s, 2 H) 7.87
(d, J=5.52 Hz, 2 H) 8.65 (d, J=5.52 Hz, 2 H)

4-(5-(((4-ethyl-5-(heptylthio)-4H-1,2,4-triazol-3-
yl)methylthio)-1H-1,2,4-triazol-3-yl)pyridine

Red powder, *H 1H NMR (400 MHz, DMSO-ds)
& ppm 0.72 - 0.84 (m, 3 H) 1.12 (d, J=5.02 Hz, 3 H)
1.16 - 1.28 (m, 10 H) 3.84 - 4.10 (m, 2 H) 4.46 - 4.52
(m, 2 H) 4.54 (s, 2 H) 7.83 (d, J=5.52 Hz, 2 H) 8.66 (d,
J=5.02 Hz, 2 H) (The deleted signal at 2.50 belongs to
DMSO-dg)

4-(5-(((4-ethyl-5-(octylthio)-4H-1,2,4-triazol-3-
yhmethyl)thio)-1H-1,2,4-triazol-3-yl)pyridine

Red powder, 'H NMR (400 MHz, DMSO-de) 8
ppm 0.76 - 0.83 (m, 3 H) 0.98 - 1.05 (m, 3 H) 1.13 -
1.27 (m, 12 H) 1.85 (d, J=8.53 Hz, 2 H) 3.70 (s, 2 H)
4.43 (t, J=7.03 Hz, 2 H) 7.82 (d, J=5.02 Hz, 2 H) 8.59
(d, J=5.02 Hz, 2 H)

4-(5-(((4-ethyl-5-(nonylthio)-4H-1,2,4-triazol-3-
yl)methyl)thio)-1H-1,2,4-triazol-3-yl)pyridine

Red powder, 'H NMR (400 MHz, DMSO-dg) §
ppm 0.79 (t, J=7.00 Hz, 3H) 1.16 - 1.25 (m, 14 H) 1.82
-1.88(m,2H)3.71-3.85(m, 2 H) 4.42 -4.49 (m, 2
H) 4.53 (s, 3H) 7.83 (d, J=5.02 Hz, 2 H) 8.62 (d, J=5.02
Hz, 2 H)

4-(5-(((4-ethyl-5-(decylthio)-4H-1,2,4-triazol-3-
yhmethyl)thio)-1H-1,2,4-triazol-3-yl)pyridine

Red powder, 'H NMR (400 MHz, DMSO-de) §
ppm 0.77 - 0.83 (m, 3 H) 1.10 - 1.30 (m, 17 H) 1.83 -

1.90 (m, 2 H) 3.16 - 3.21 (m, 2 H) 3.70 (s, 2 H) 4.44 (t,
J=7.03 Hz, 2 H) 7.82 (d, J=5.02 Hz, 2 H) 8.60 (d,
J=5.02 Hz, 2 H)

Conclusions

Nucleophilic substitution reaction of 4-ethyl-5-
(((3-(pyridin-4-yl)-1H-1,2,4-triazol-5-yl)thio)methyl)-
4H-1,2,4-triazole-3-thiol (1) was studied using a set of
bromoalkanes as alkylation agents, which yielded new
4-(5-((((5-(alkylthio)-4-ethyl-4H-1,2,4-triazol-3-
yl)methyl)thio)-1H-1,2,4-triazol-3-yl)pyridines (2-11).
Structures of the synthesized compounds were con-
firmed using appropriate instrumental methods of anal-
ysis, while the identity of compounds was scrutinized
using GC-MS.
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