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Abstract

Pharmaceutical products require appropriate quality control, which comprises a set of tests aimed at the
determination of assays of the substances. Chromatographic methods are one of the most abundant analytical
methods applied in routine analyses of pharmaceuticals. Information on the behavior of the compounds under
certain analytical conditions is valuable in the process of analytical method development. This work was aimed at
revealing the impact of substituents of various natures at two positions of triazole ring on the behavior of new
3-thio-1,2,4-triazoles under GC-MS conditions and evaluating the applicability of GC-MS method for the analysis of
these compounds. Gas chromatography was used in combination with mass spectrometry. New 1,2,4-triazole
derivatives were obtained at the Department of Natural Sciences for International Students and Toxicological
Chemistry of Zaporizhzhia State Medical University. For the experiment, two groups of compounds were formed,
each having different substituents at C-3 and C-5 of triazole molecule, respectively. The analysis was held using
Agilent 7890B GC system coupled with Agilent 5977B mass selective detector. Compounds were separated on a
non-polar column. The following parameters were assessed and compared for identification and study of
chromatographic behavior of the compounds: mass spectra, retention times, symmetry factors, and relative
responses (against reference compound). It was shown that there is no direct relation between melting point and
retention time; instead, the nature of substituents significantly affects the chromatographic behavior. The
strongest response belongs to compounds that have phenyl moiety at C-5 and alkyl substituent attached through
thiol group at C-3 of the triazole ring. Thiophen-2-yl and methyl at C-5, as well as acetate and ester groups attached
through thiol group at C-3 of the cycle, decrease chromatographic response. GC-MS can be applied for the analysis
of biologically active 1,2,4-triazoles, though with several limitations. The higher the polarity of the compound, the
worse the response and peak shape; these circumstances complicate GC-MS analysis of 1,2,4-triazole derivatives.
Apart from providing information on physicochemical properties of the compounds, the obtained experimental
data provide some valuable insights into permeability of the new triazole derivatives through biological
membranes, which could be useful in drug design.

Keywords: gas chromatography; mass spectrometry; heterocyclic compounds; 1,2,4-triazole derivatives; retention time;
response; peak area; symmetry factor; melting point; polarity.

BIIJIUB 3AMICHUKIB PI3HOI IPUPOJU Y 3- TA 5-MY INOJIOKEHHAX 4H-1,2,4-
TPHA30J1Y HA IOBEAIHKY NOXIJHUX B YMOBAX I'X-MC-AHAJII3Y
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AHoTalif

Indopmania npo noBeAiHKy CNOJIYK Yy IEBHHX YMOBaX aHaJi3y Moxe GYyTH KOPHCHOIO IPU po3poo6Ii aHaJiTHYHUX
MeToAuK. JocimigkeHHs 6Gy/J0 HampaB/ieHe Ha BU3HAaYeHHS BIUIMBY 3aMiCHMKIB pi3HOI NpUpoau y JBOX
MOJIO’KEHHSAX TPHUA30JIbHOIO KiJbIfl Ha NOBeJiHKy HOBHMX 3-Tio-1,2,4-TpuasouiB B ymoBax I'X-MC. 3acrocyBaiu
MeToJA ra3oBoi xpomarorpadii y no€egHaHHi 3 Mac-cneKkTpoMerpielo. sl eKcnepuMeHTy 6y/10 cpOpMOBaHO ABIi
rpyny peyoBHH, KOXKHa 3 AKHUX MaJia pi3Hi 3aMicHUKM y 3- Ta 5-My nmoJ10>keHHi TPMa30JIbHOT0 IMKJIy BiANOBiJHO.
AHaniz npoBejeHUll BUKOPHCTOBYIOYM raszoBuili xpomartorpad Agilent 7890B i3 oaHOKBaApyHmoJILHMM Mac-
CeKTpoMeTPpUYHUM JeTekTopoM Agilent 5977B. PeyoBuHM Gyau po3jileHi Ha HemoJisIpHiM KosoHmi. Jasa
igenTudikanii Ta gociaigkeHHs xpomarorpadiyHoi moBeJiHKM OTpUMa/d Ta NOPiBHAJIM TaKi mapameTpu: mMac-
CNIEeKTp, Yac yTpuMyBaHH#A, ¢paKTop cuMeTpii mika Ta BiJHOCHMUII BiAryK (40 pe4oBUHU-CTaHAAPTY). [lokasany, mo
MiX TeMIlepaTypolo IJIaBJI€eHHA Ta YaCOM yTPUMYBaHHA NoXiAHUX 1,2,4-TpUa3o/1y NpsAMoi 3a/1€2KHOCTi HeMae;
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xpomartorpadiyHa moBeAiHKa CNOJYK 3HAa4YHUM YMHOM 3a/IeXKUTh BiA, MpupoaM 3aMicHMKa. BcraHoBW/IHM, 1O
HaWBUIIMA BiryK MalTh CHOJIYKH, SIKi MicTATbh PpeHiIbHUI paguKaa y 5-My N0JIOKeHHi Ta aJKiJIbHUH 3aMiCHUK,
NpUEAHAHUH Yyepe3 Tiorpyny y 3-My NoJIoKeHHi Tpua3oJibHOro nukiy. TiopeH-2-inx Ta MeTna y 5-My nosioxkeHHi, a
TaK0X KapGOKCH/JIbHA Ta eCTepHa Ipynu, NpUEAHAHi 4yepe3 cyJbdyp y 3-My NOJIOKEHHI LMKy, 3HWKYHOTb
xpoMaTtorpadiynuii Biaryk. TakumM 4YHMHOM, MNOJAPHICTh YCKJIAJHIOE aHaki3 moxigHux 1,2,4-Tpuasosy 3a
aonomoro I'’X-MC.

Karwuosi caoea: razoBa xpoMartorpadis; Mac-CIeKTpOMeTpisl; reTepOoLUKIidHI crnosiyky; moxigHi 1,2,4-Tpuasosy; 4ac
yTPUMYBaHH; Bi/IFYK; JIoLIA NiKa; GaKTop CUMETpii; TeMnepaTypa MJ1aBJeHHS; NOJISPHICTb.

BJIMAAHUE 3AMECTHUTEJIEX PA3JIMYHOM MMPUPO/BI B 3- U 5-M IIOJIOKEHUAX 4H-
1,2,4-TPUA30JIA HA IOBEJAEHHE ITPOU3BOJHBIX B YC/IOBUAX I'X-MC-AHAJIU3A
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AHHOTanus

HHopManya o nmoBeAeHHMH BelleCTB B ONpeje/IEHHBIX yCI0BMAX aHA/IM3a MOXKET OKa3aThCA MNMOJIE3HOH NpH
pa3pa6oTKe aHAa/IUTUYECKMX MeTOAUK. MHcciesoBaHMe O6blJI0 HamnpaBJeHO Ha oOmpejeseHHe BJUAHHUA
3aMecTUTesJlell pas/IMYHOM NPUPOAbI B JABYX IMOJIOKEHUAX TPHUA30JIbHOTO KOJIbIla Ha IOBeJAeHHe HOBBIX
3-tuo-1,2,4-Tpua3osioB B yciaoBusax I'’X-MC. HcnoJib30Basiu MeToA ra3oBoii Xxpomarorpagpuu B cO4YeTaHUM € Macc-
crneKTpoMeTpuen. /l1A 3KcnepuMeHTa 6bl10 cGOPMHMPOBAHO JBe Ipynnbl BellecTB, Ka)kJasA U3 KOTOPbIX MMeJsa
pa3Hble 3aMeCcTUTeJM B 3- U 5-M IOJIOXKeHHMH TPHUa30/bHOTO LUKJAa COOTBETCTBEHHO. AHa/IM3 NpOBeAeH C
HCN0JIb30BaHMEM ra3oBoro xpomarorpada Agilent 7890B ¢ oAHOKBaJpyNOJbHBIM MaccC-CHEKTPOMETPUYECKUM
AetekTopoM Agilent 5977B. CoeAauHeHUA pasjesjieHbl Ha HeNoOJAPHOH KoJIOHKe. JIA HAeHTHPUKALUHU U
HuccaeA0BaHUs XpoMaTorpaduyeckoro noBejeHusa NOJy4YU/Id U CPAaBHIIM CleJylolye NapaMeTphl: Macc-CIeKTp,
BpeMs yJepKuBaHusA, ¢pakTop CHMMeTPHH NMMKAa U OTHOCUTEJbHBIA OTK/IUK (K BellecTBY-cTaHAApTY). Ilokasanu,
4YTO MeXAY TeMIepaTypod IJIaBJIeHHMs M BpeMeHeM yJep)KMBaHUs NPOU3BOAHBIX 1,2,4-Tpuasosia mpsaAMoOn
3aBHCHMOCTH HeT; XpoMaTorpadpuieckoe nopejeHye 3Ha4MTeJIbHbBIM 06pPa30M 3aBHCUT OT NPUPOABI 3aMeCTUTEJIA.
YcTraHOBU/IM, YTO HauGoJee BBICOKMH OTK/JIMK NPUHAJAJIEKUT COeJHMHEHHSM, KOTOpble UMelT (peHUIbHBII
pajMKaa B 5-M MOJIOKEHUM M aJIKWJIbHBIN 3aMeCcTUTe/Ib, NPUCOeJMHEHHBIN Yepe3 THOTPYNIy B 3-M MOJIOKEeHUH
TPUaA30JbHOr0 HUKAa. THodeH-2-ua U MeTHI B 5-M NOJIOKEHMH, a TaKKe KapGOKCHJIbHas U CJ0KHO3GUpPHasA
rpynnsl, NpUcoeAUHEHHBIE MO cepe B 3-M NOJIOKEHUH, CHHXKAIOT XpoMaTorpadudecknii oTkauk. Takum o6pasom,
NOJIAPHOCTb OCJI0XKHSAET aHAJ/Iu3 IPOU3BOJAHbIX 1,2,4-Tpua3oJia c nomoumbio I'’X-MC.

Knawouesvle csnosa: rasoBast xpomaTorpadusi; Macc-CeKTPOMETPHUs; TeTepOLMKJIWYeCKHe COeUHEHUs; NMPOU3BOJHbIE
1,2,4-Tprasona; BpeMsl yAepXKHWBaHHUS, OTKJIMK; IUIOLAAb MNUKa; (aKTOp CHMMETpPUM; TeMIlepaTypa IJIaBJEHHS;
HOJITPHOCTb.

Introduction

Heterocyclic compounds garner more and
more attention within the scientific community
due to their broad spectrum of biological
activities. Triazoles, heterocyclic systems that
contain three atoms of nitrogen, are one of such
substances. Some of the structures that include
1,2,4-triazole have already found applications in
medicine and agricultural chemistry. In this way,
anastrozole is used as cancer treatment, and in
particular, as breast cancer medication [1];
fluconazole is an antifungal drug [2]; rizatriptan
is used to mitigate migraine and headache [3];
myclobutanil is a fungicide that has low
carcinogenicity [4]. However, these compounds
have one common feature: they do not contain a
1,2,4-triazole ring as a central system but feature
it as a side substituent of the main structure.

Drugs, in which 1,2,4-triazole cycle is the
central structural component, are currently of
high scientific and commercial interest due to
wide range of properties they possess [5].
Scientists from various research laboratories
across the globe are actively searching for new
1,2,4-triazoles that exhibit antimicrobial,

antifungal, antiviral, diuretic, anti-inflammatory,
and other types of biological activities [6].
Therefore, many of these heterocyclic compounds
are potential medicinal products.

An important step in the production of
pharmaceuticals is a pertinent quality control.
Gas chromatography (GC) coupled to mass
spectrometric (MS) detection is a powerful
research tool for many classes of compounds.
However, GC has one significant limitation:
analytes must be volatile enough to be detected
by the instrument. Majority of biologically active
compounds have high molecular weight due to
presence of phenyl and alkyl groups as well as
heterocyclic substituents [6]. Various groups
alter physicochemical properties of
1,2,4-triazoles in different ways, which affects
GC-MS results. That is why studying the
possibility of application of this hyphenated
analytical method for qualitative and quantitative
determination of 3-thio-1,2,4-triazole derivatives
that contain various substituents is of high
significance.

There is no universal method for the
determination of 1,2,4-triazole derivatives. The
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most popular approaches to their analysis
include high-performance liquid chromatography
(HPLC), GC-MS, and spectrophotometry. Only a
few chromatographic methods have been
officially proposed for triazole analysis. In this
way, antifungal drug fluconazole that may be
present in serum and amniotic fluid in animals is
analyzed using GC-MS [7]; this method is also
proposed for determination of impurities in
rizatriptan [8]. However, due to high molar
weight and polarity of 1,2,4-triazoles, HPLC
continues to be the most used method for their
analysis [9; 10; 11; 12]. Apart from that,
researchers also suggest studying the effect of
various substituents on antioxidant activity of

1,2,4-triazoles using spectrophotometry
method [13]. In our work, the attempt to
determine the effect of substituents at C-3 and
C-5 of 3-thio-1,2,4-triazole on chromatographic
behavior is made for the first time.

Results and discussion

The results of this investigation are based on
chromatograms obtained during the analysis of
new 3-thio-1,2,4-triazoles. The results of GC-MS,
specifically the retention times tz, peak areas A
and peak symmetries As along with mass spectra
of the compounds in RRX group, are given in
Table 1, XRR group - in Table 2.

Table 1
GC-MS results for the RRX group
Chromatogram/Mass spectrum Information
x10 7 Compound 1a [ST]
7.489 “_thiol”
1 tr = 7.489
257 A =69158736
24 A% =100%
154 As=1.00
1 \ Asy% =100%
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tr=11.957
24 A=75391344
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N As=1.67
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i 2 3 a4 s & 71 8 8 1 11 12 13 14
Counts vs. Acquisition Time (min)
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104.0
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Table 1
x10 6 Compound 1c
a5 “morpholinium”
3l tr1=1.767
A1 =876101
2‘5_ “« . ”
N -(thio)acetate
15 ] trz=7.613
‘ 1787 7613 e Az = 8404085
17 | et =120,
\ LJ_"’ R Awz=12%
0‘5____‘_‘»\ S U...nf-»v--—wl As = ---
01— ‘ ‘ . ‘ . ‘ ‘ . . ‘ . ‘ ‘ Asys = -
1 2 3 4 5 6 7 8 9 10 1 12 13 14
Counts vs. Acquisition Time (min)
57 &
(\O
HN__
. | Li Ll |
192.0
Compound 1d
10.402 « (r1: ”
24 -(thio)ester
tr=10.402
7 A=18745763
. Ay =27%
10.871 As=1.67
05 Asy =167%
B=— e -~
1 2 3 4 S5 6 7 8 9 10 11 12 13 14
Counts vs. Acquisition Time (min)
205.1
1040
- 192.0 2330 2521
431 1210
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Table 2
GC-MS results for the XRR group
Chromatogram/Mass spectrum Information
x10 7 Compound 1a
7.489 “ »
N -phenyl
tr=7.489
287 A=69158736
27 Ay =100%
1.5 As=1.00
1] ‘ As% =100%
051 ‘,
07 T L T 7I — T T T - T —“\- T T T T T I-— T
1 2 3 4 5 6 7 8 9 0 1 12 13 14

Counts vs. Acquisition Time (min)
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Table 2
1820
1040 1210
770 I
0.0 g 161.0
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431 il .l 1 Jl ”Cl. || ! ED ..l 177.0 |
0 :_ Compound 2a
‘ Lt “-methyl”
121 o tr=4.939
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All three compounds of RRX group appeared
on the corresponding chromatograms. The best
response belonged to compounds 1a and 1b
(thiol and (thio)alkyl, respectively), the worst
belonged to compound 1c. For all compounds,
the mass-to-charge ratios matched molecular
weights of the corresponding compounds;
compound 1c was identified based on two peaks

on the chromatogram that corresponded to
morpholin-4-ium cation and acidic residue.

All compounds of XRR group appeared on all
corresponding chromatograms as well. Only
compound 1a (5-phenyl derivative) produced
sufficient peak area and appropriate symmetry.
Peak areas of compounds 2a and 3a (5-methyl
and 5-thiophen-2-yl derivative, respectively)
turned out to be 5-10 times lower than peak area
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of standard compound. That is why symmetry
factors for these peaks were not evaluated.
Molecular peaks on the corresponding mass

spectra matched molecular weights of all
compounds in this group.
The relationship “retention time vs.

substituent” was plotted based on data provided
in Tables 1 and 2; the relationship “response vs.

substituent” was plotted using values for relative
peak areas Ag. All corresponding relations are
depicted in Figures 1, 2, 3, and 4. Molecular
weights of the derivatives are given in
parentheses along with designations of the
corresponding substituents. Melting points (Tmp)
of the compounds are also reflected in all graphs.

Substituent

1 0)
(33 292) (V2
2) cae e U oy
ot O s O ,gm'\o\“ep

13 - - 250

12 -
£11 - 11,957 3
- - 200 o
() 4
210 é
R 9 h
S 2
5 81 ~ - 150 g
& 7 - 7.489 7.613 X 137°C

6 |

5 100

Fig. 1. The relationship between the nature of substituent at C-3 of the triazole ring and retention time
(RRX group)
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Fig. 2. The relationship between the nature of substituent at C-3 of the triazole ring and relative response
(RRX group)
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Fig. 3. The relationship between the nature of substituent at C-5 of the of triazole ring and retention time
(XRR group)
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Fig. 4. The relationship between the nature of substituent at C-5 of the triazole ring and relative response
(XRR group)
Mass spectrometry was used for the ionization: molecular ion peaks were also basic in

identification of the compounds; the latter were
ionized using electron ionization (EI) mode at
70 eV. This is considered a hard ionization
technique causing high fragmentation, which is
suitable for the identification of specific
functional groups and fragments in the molecule.
The detachment of thiol group from the
molecular ion as it had been shown in previous
studies [14; 15] was not observed.

All compounds of RRX group were positively
identified by their molecular ion peaks on the
corresponding mass spectra. The same was true
for compounds within XRR group, which, at the
same time, exhibited the highest stability under

the respective spectra. Compound 1c of RRX
group exhibited the least stability under the
ionization. High fragmentation of 1c may be
explained, firstly, by the detachment of
morpholinium cation from the acidic residue as
early as at the stage of injection (evaporation).
Secondly, due to charge distribution, the acidic
residue is unstable, and carboxyl group is easily
eliminated from the anion.

As for chromatographic behavior of the
compounds, the first thing to consider is
retention times of the analytes. It is worth noting
that stationary phase of the GC column was non-
polar, and that is why components that had
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aliphatic substituents were retained in the
column for longer time, which is confirmed by the
investigation of RRX group. In this regard,
compound 1b was the most retained component
within this group, although its melting point was
considerably lower than that of 1a, the least
retained analyte. In addition, despite the anion of
1c had the highest molecular weight and Ty,
it eluted from the column twice earlier than 1b;
it indicates that 1c is highly polar. As for XRR
group, low retention time of the methyl
derivative 2a might have been affected by higher
polarity and lower molecular weight, as
compared to phenyl- and thiophen-2-yl
derivatives 1a and 3a, respectively.

The second most important parameter in
chromatographic  analysis is peak area
(response). For convenience, relative peak areas
(to standard compound) were calculated. The
highest responses within RRX group belong to 1b
and 1a ((thio)alkyl and thiol, respectively); they
were the least polar. The lowest response within
the XRR group belongs to the compound that has
methyl substituent attached to C-5 of triazole
ring (2a); thiophen-2-yl derivative (3a) showed a
slightly better result. In the case of methyl
derivative, its high polarity and T,, might have
affected the response. Phenyl ring attached to
triazole at C-5 stabilizes the molecule, possibly
due to high aromaticity of the substituent [16].
Given the poor response of the highly polar
analytes such as 1c and 2a, derivatization step
may be required in order to enable their
determination in complex sample matrices,
including biological fluids, tissue samples, plant
material, etc. Since the analytes represent various
classes of compounds, there would be no uniform
derivatization step that would suit every analyte.
However, derivatization step would be based on
modification of substituents connected through
thiogroup. In this regard, both 1c¢, through
reduction with appropriate reagents, and 2a,
through alkylation directly, may be derived into
(thio)alkyl, which would potentially have a
largely better response.

Peak symmetry was calculated only for those
analytes that had responses of at least 1/5 of
peak area of standard compound 1a. According to
European Pharmacopoeia, acceptance range for
peak symmetry lies between 0.8 and 1.5 [17].
Sensitivity significantly impacts the value of peak
symmetry, and that is why peak symmetry was
not calculated for peaks with low responses (less
than 1/5 of the peak of standard compound 1a).
Standard compound 1a had the best peak
symmetry. Peak symmetries of all other analytes

did not fit the acceptance range. In this way,
compounds 1b and 1d showed slight broadening
of the left part of the peak: their symmetries were
above 1.5.

The obtained data will be useful in the
development of chromatographic techniques
within the field of analytical chemistry and
provide new information on  certain
physicochemical  properties of triazoles.
However, apart from that, the results provide
insights into some of the pharmacological
properties of the potential drugs. The evaluation
of bioavailability is an important step in drug
design. This parameter is comprised of such
properties as molecular shape and size, solubility,
lipophilicity, ionization, presence of hydrogen
bonds, polarity, and more [18]. Lipophilicity and
solubility of the bioactive compound are
considered by far the most important among the
mentioned properties. Lipophilicity (logP) is a
measure of affinity of the substance to non-polar
solvents and lipids, which is defined as the
logarithm of the relation of the concentration of
the substance in octane to the concentration of
this substance in water. Scientists have described
several ways of lipophilicity determination using
chromatographic methods. For instance, HPLC
technique for the determination of lipophilicity of
cytotoxic complexes has been developed and
validated [19]. At the same time, HPLC has been
shown to be effective in the evaluation of the
lipophilicity of 1,2,4-triazole-3-thiones [20]. Thin
layer chromatography has proven its efficiency in
lipophilicity assessment [21]. In particular, it has
been used in calculation of logP for anti-
inflammatory drugs, specifically ibuprofen and its
analogues [22]. Many lipophilic compounds may

be successfully identified using gas
chromatography, including  both  plants
phytochemicals [23] and highly lipophilic

medicinal products [24]. However, due to the
absence of liquid-liquid partition mechanisms in
gas chromatography process, this method has not
found applications for lipophilicity
determination.

On the other hand, compound solubility, which
is connected to lipophilicity in a certain way,
often depends on the polarity of the molecule and
presence of specific groups. Poor solubility of
medicinal products in biological liquids, primarily
in saliva and gastric environment, is one of the
major problems in drug design [25]. Particularly,
polarity is an important parameter that affects
the formation of hydrogen bonds, which is closely
connected to permeability of chemicals through
biological membranes [26]. Ability to form
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hydrogen bonds is established by the presence of
donor and acceptor groups that possess or may

receive a proton [18]. In the experiment,
assuming the chromatographic behavior,
compounds 1c (salt) within RRX and 2a

(5-methyl) within XRR group turned out to be the
most polar in their groups. The first compound
contains ionized carboxyl group stabilized by
morpholinium cation. Although it has high
polarity, such a combination most probably
decreases the ability to form hydrogen bonds to
the optimal level. The second compound has high
polarity due to electroneutrality of methyl group
at C-5 and comparatively high electronegativity
of the groups at two other positions of triazole
(C-3 and N-5). Amino group at N-5 of 2a may
behave as a donor and open atoms of nitrogen as
acceptors of protons in the formation of
hydrogen bonds.

Experimental

New derivatives of 1,2,4-triazole were
obtained at the Department of Natural Sciences
for International Students and Toxicological
Chemistry of Zaporizhzhia State Medical
University. Two groups of compounds were
formed to establish the experimental relationship
between the structure and behavior. Groups were
labeled as “RRX” and “XRR” (by analogy with the
spatial arrangement of functional groups in the
molecules), where R designates permanent
groups, X - a certain substituent. RRX group
incorporates mercaptoderivatives (3-thio-
derivatives of 1,2,4-triazole), XRR comprises C-5
derivatives of 1,2,4-triazole. The list of all
compounds, as well as properties that were used
for the interpretation of the chromatographic
behavior under GC-MS conditions, is given in
Tables 3, 4.

Table 3

The compounds of the RRX group

Basic structure:

)
SX

|
NH,

Label Substituent

Data & Properties

1a X=H

Name: 4-amino-5-phenyl-4H-1,2,4-triazol-3-thiol
Gross formula: CsHsN4S

Molecular weight: 192.24

Timp: 191-193°C

1b X= C7H15

Name: 3-(heptylthio)-5-phenyl-4H-1,2,4-triazol-4-amine
Gross formula: C15sH22N4S

Molecular weight: 290.43

Tmp: 136-138°C

Name: morpholin-4-ium 2-((4-amino-5-phenyl-4H-1,2,4-
triazol-3-yl)thio)acetate

Gross formula: C14H19N503S

Molecular weight: 337.4

Tinp: 217-219°C

1d X =H2C4<

Name: propyl 2-((4-amino-5-phenyl-4H-1,2,4-triazol-3-
yl)thio)acetate

Gross formula: C13H16N402S

Molecular weight: 292.36

Tmp: 172-174°C

Table 4

The compounds of the XRR group

Basic structure:

-
A

|
NH,
Label Substituent Data & Properties
Name: 4-amino-5-phenyl-4H-1,2,4-triazol-3-thiol
1 Gross formula: CsHgN4S
a X = Molecular weight: 192.24

Tmp: 191-1930C
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Table 4

2a X = CHj

Name: 4-amino-5-methyl-4H-1,2,4-triazol-3-thiol
Gross formula: C3HsN4S

Molecular weight: 130.17

Tmp: 203-206°C

3a X=

Name: 4-amino-5-(thiophen-2-yl)-4H-1,2,4-triazol-3-thiol
Gross formula: CsHsN4S2

Molecular weight: 198.27

Tmp: 112-114°C

Compound 1a was chosen as standard
(marked as [ST] in Tables 1, 2); retention times,
peak areas and symmetries were compared to
these parameters of the standard compound.
Relative peak areas and symmetries were
calculated in relation to standard compound 1a,
in %. Compounds were identified by their mass

spectra. Chromatographic behavior of the
compounds was described based on their
retention times, relative peak areas and
symmetries. In addition, molecular weight,

melting point, and presence of certain
substituents were assumed during the evaluation
of the behavior. Mass spectrometric
characterization of the molecules was conducted
using the corresponding mass spectra and their
comparison with molecular weights and
structures of the analytes.

Once the groups were formed, a solution of
each analyte was prepared. To prepare the
solutions, 1 mg of a given analyte was weighed
and dissolved in 1.5 mL of methanol (GC-MS
grade). The following system was used for GC-MS
analysis: Agilent 7890B (USA) GC system fitted
with Gerstel CIS 4 (Germany) cooled injection
system and coupled with Agilent 5977B (USA)
mass selective detector. Compounds were
separated on J&W Agilent DB-5ms (USA) column.
Parameters of GC separation were selected and
optimized based on Agilent's method
development recommendations, expected
behavior of the compounds, and system
parameters limitations for the MSD [27] and
were as follows. Injector temperature:
programmed, 230°C - 12°C/s — 270°C; oven
temperature: programmed, 80°C (hold for 1 min)
- 40°C/min — 240°C (hold for 0.5min) -
10°C/min — 280°C (hold for 0.5 min) = 5°C/min
— 300°C (hold for 1 min) = 2°C/min — 310°C;
total run time: 20 minutes; injection volume:
0.5 pL at split ratio of 1:30. Helium was used as
the carrier gas with a flow rate of 1.6 mL/min.
Column parameters: stationary phase:
poly[95%-methyl][5%-phenyl]siloxane (non-
polar); dimensions: 30 m x 250 um x 0.25 um.
MSD parameters were as follows. GC-MS interface
temperature: 290°C; ion source: 230°C;
quadrupole: 150°C; ionization mode: electron

ionization at 70 eV; scanned range of mass-to-

charge ratio: 40-500 m/z. The obtained
chromatograms and mass spectra were
processed using Agilent MassHunter for

Qualitative Analysis software.

Conclusions

The obtained data suggests that the most GC
suitable behavior belonged to the standard
compound 1a, which showed low retention time
(under 10 min), high response, acceptable peak
symmetry, as well as molecular stability under
hard ionization. This compound contains phenyl
ring attached to C-5 of triazole, amino group at
N-4, and thiol group at C-3. The introduction of a
non-polar substituent (alkyl) through the thiol
group leads to the increase of retention time,
while response and peak shape remain largely
unaffected. Conversely, the introduction of polar
substituents through thiol group causes
significant decrease in response and, thus, in
sensitivity. On the other hand, the substitution of
the aromatic group with a less aromatic one leads
to the destabilization and polarization of the
molecule, which is observed through a
considerably decreased response. The response
of the analytes that had comparatively low peak
areas may be improved by adjusting
chromatographic parameters as well as
implementing a derivatization step prior to
analysis. In this way, increasing injection volume,
injector temperature, decreasing split ratio, and
using pulsed injection technique could improve
the response of the analytes. Apart from that, the
obtained experimental data provides some
valuable insights into permeability of the new
triazole derivatives through biological
membranes, which could be useful in drug design.
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