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Abstract: A new triazol-3-one resulted unexpectedly from the reduction reaction of a heterocyclic
thioketone using sodium borohydride in pyridine containing a small amount of water. The structure of
the new compound was characterised using FT-IR, 1D and 2D NMR, and HRMS spectroscopic methods.
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1. Introduction

Triazoles are a class of five-membered heterocycles that contain three nitrogen and
two carbon atoms. On the basis of the way nitrogen and carbon atoms connect between
each other, there exist two triazole isomers: 1,2,3-triazoles and 1,2,4-triazoles. These
compounds have been extensively studied for more than a century due to their remarkable
properties, making them promising candidates for drug development and treatment of
various diseases [1]. Some of the most known drugs that contain the 1,2,4-triazole moiety
are alprazolam, fluconazole, ribavirin, and posaconazole.

1,2,4-triazoles that contain the sulphanyl functional group directly attached to the hete-
rocyclic core have also been studied for their potential use as bioactive compounds. The first
reported synthesis of 3-sulphanyl-1,2,4-triazole was reported by Freund in 1896 [2]. Some
of the biological activities of 1,2,4-triazole thiols include anticancer [3,4], enzyme inhibition
capacity [5], antioxidant [6], antimicrobial [7], anti-inflammatory [8], antituberculous [9],
and many more.

Several methods are commonly used to synthesise 3-sulphanyl-1,2,4-triazoles, in-
cluding reactions involving the reaction of isothiocyanates with hydrazides [10] and
the reaction of 1,3,4-oxadiazoles with hydrazine [11], by thermal cyclization of acylated
thiosemicarbazides [12] or by reaction between carboxylic acids with hydrazinecarbothio-
hydrazides [13].

S-alkylated compounds can be prepared by reacting the corresponding sulphanyl
compound with a halogenated compound under various reaction conditions. Some of the
reported S-alkylation protocols include the use of potassium carbonate [14], potassium
hydroxide [15], caesium carbonate [16], sodium ethoxide [17], and ultrasound [18].

1,2,4-triazole-3-ones are heterocyclic compounds that have biological activities such as
anticonvulsant [19], anti-inflammatory [20], and antimicrobial [21,22]. In addition, these
compounds can be used as high-energy materials [23].

Taking into account the aforementioned information, our aim was to synthesise novel
sulphanyl-alkylated 1,2,4-triazoles. During an intermediate synthesis step, an unexpected
outcome occurred when the carbonyl intermediate was reduced using sodium borohydride,
leading to the formation of a triazolone through a new, unreported method.
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2. Results and Discussion

2-((4-(4-Ethoxyphenyl)-5-(4-methoxyphenyl)-4H-1,2,4-triazol-3-yl)thio)-1-phenylethan-
1-one (2) was synthesized using an S-alkylation reaction of the 4-(4-ethoxyphenyl)-5-(4-
methoxyphenyl)-4H-1,2,4-triazole-3-thiol (1). Initially, the scope of the present work was to
synthesise a secondary racemic alcohol from the aforementioned ketone by reduction of
carbonylic functional group using sodium borohydride. Therefore, a modified procedure
from the literature was applied for the reduction reaction. The synthesis followed Scheme 1:
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Scheme 1. Synthesis scheme for the novel compound (3).

For the S-alkylation reaction, a modified reported protocol was followed [16]. The
caesium carbonate was used in excess in relation to triazole thiol. As an alkylation agent,
2-bromo-1-phenylethan-1-one was used. During the reaction, in the basic medium pro-
vided by caesium carbonate, an intermediate thiolate salt is formed. Due to the conjugation
of the triazole ring and the presence of the sulphur atom with its lone pair of electrons,
the salt possesses a nucleophilic character, so it readily reacts with the α-haloketone. In
addition to the aromatic and ether functional groups, the resulting compound carries a
ketone and thioether functional group. Like other carbonylic compounds, it can be reduced
to an alcohol by using different reduction agents.

For the reduction of the obtained ketone, sodium borohydride was chosen as the reduc-
tion agent, following modified literature procedures [24]. An excess of the borohydride was
used to compensate for the eventual loss of reduction agent by decomposition or secondary
reactions. Surprisingly, the reduction reaction did not produce racemic secondary alcohol,
but rather a different compound (3). First, it possessed an unusually high melting point,
which is not characteristic of similar secondary racemic alcohols. From NMR and later
HRMS data, it was concluded that the obtained compound carries a ketone functional
group but it is directly attached to the triazole ring. At first sight, it appears that the reaction
of heterocyclic thioketones with sodium borohydride in the pyridine/water mixture at
reflux temperature leads to the formation of triazolone (3) instead of the secondary alco-
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hol. A first conclusion is that instead of the reduction of carbonyl group, a nucleophilic
substitution of the alkylsulphanyl functional group by the hydroxyl functional group in
the basic medium took place. More research in this direction is required to elucidate the
real mechanism of the reaction. It is not clear what effect the alkyl substituents or reaction
conditions (temperature, solvent, etc.) have on the triazolone formation rate. In Scheme 2,
the expected and actual reaction paths are represented.
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Scheme 2. Unexpected formation of (3) by reduction of compound (2).

2.1. Explanation of Experimental NMR Data for Compound (2)

From the 1H-15N HMBC spectrum, the signals corresponding to aromatic protons 2′′-H
and 6′′-H (7.16 ppm) were identified by the long-range coupling with 4-N nitrogen atom
(174.9 ppm). In the 1H-13C HMBC spectrum, the following long-range couplings could
be observed: coupling of the carbonylic carbon (C=O) (193.3 ppm) with aromatic protons
2′ ′ ′-H and 6′ ′ ′-H (8.04 ppm), coupling of carbon atom 3-C (152.2 ppm) with methylene
protons (S-CH2) (4.95 ppm), coupling of carbon atom 5-C (155.1 ppm) with aromatic protons
2′-H and 6′-H (7.36 ppm), coupling of carbon atom 4′-C (160.6 ppm) with methyl protons
(O-CH3) (3.77 ppm), and the coupling of carbon atom 4′′-C (159.9 ppm) with methylene
protons (O-CH2) (4.07 ppm). In Table 1, long-range correlations between protons and
carbon atoms (1H-13C HMBC experiment) and long-range correlation between protons and
nitrogen atom (1H-15N HMBC) are presented.

Table 1. Experimental NMR data * for the compound (2).

HMBC
(1H-15N)

HMBC
(1H-13C)

174.9→ 7.16 193.3→ 8.04
(4-N) (2′′-H, 6′′-H) (C = O) (2′ ′ ′-H, 6′ ′ ′-H)

152.2→ 4.95
(3-C) (S-CH2)
155.1→ 7.36

(5-C) (2′-H, 6′-H)
160.6→ 3.77

(4′-C) (O-CH3)
159.9→ 4.07

(4′′-C) (O-CH2)
*—The values of the chemical shifts are given in ppm.
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2.2. Explanation of Experimental NMR Data for Compound (3)

Using 2D NMR data, we could assign signals to all three nitrogen atoms of 1,2,4-triazole
heterocycle as follows: from the 1H-15N HSQC spectrum, the direct coupling between nitro-
gen atom 2-N (164.5 ppm) and the directly attached proton 2-H (11.98 ppm). In the 1H-15N
HMBC spectrum, long-range couplings between nitrogen atoms 4-N (154.1 ppm) and 1-N
(254.5 ppm) and the proton 2-H (11.98 ppm) could be observed. The chemical shift identifi-
cation of the nitrogen atom 4-N was performed based on its coupling with two aromatic
protons 2′′-H and 6′′-H (7.16 ppm). In the long-range coupling spectrum 1H-13C HMBC, the
couplings of the two triazolic carbon atoms 5-C (145.8 ppm) and 3-C (155.3 ppm) with the
triazolic proton 2-H (11.98 ppm) were observed. The signal at 145.8 ppm was assigned to
the 5-C carbon atom due to the couplings with aromatic protons 2′-H and 6′-H (7.22 ppm).
The signals corresponding to 4′-C carbon (160.6 ppm) and 4′′-C carbon (158.7 ppm) atoms
were assigned based on the long-range couplings with methyl protons (O-CH3) (3.72 ppm)
and with methylene protons (O-CH2) (4.03 ppm). In Table 2, direct bonding of protons to
nitrogen atoms (1H-15N HSQC experiment), long-range correlations between protons and
carbon atoms (1H-13C HMBC experiment), and long-range correlation between protons
and nitrogen atom (1H-15N HMBC) are presented.

Table 2. Experimental NMR data * for the compound (3).

HSQC
(1H-15N)

HMBC
(1H-15N)

HMBC
(1H-13C)

164.4→ 11.98 154.1→ 11.98 145.8→ 11.98
(2-N) (2-H) (4-N) (2-H) (5-C) (2-H)

254.5→ 11.98 155.3→ 11.98
(1-N) (2-H) (3-C) (2-H)

154.1→ 7.16 145.8→ 7.22
(4-N) (2′′-H, 6′′-H) (5-C) (2′-H, 6′-H)

160.6→ 3.72
(4′-C) (O-CH3)
158.7→ 4.03

(4′′-C) (O-CH2)
*—The values of the chemical shifts are given in ppm.

3. Materials and Methods

The reagents used were purchased from commercial sources and used as received.
4-(4-ethoxyphenyl)-5-(4-methoxyphenyl)-4H-1,2,4-triazole-3-thiol (1) was synthesized ear-
lier in our laboratory following the modified procedures from the literature [25–27].

The 1H-NMR, 13C-NMR, and 15N NMR spectra were recorded on a Bruker Avance
III 500 MHz spectrometer. Chemical shifts (δ) have been measured in ppm and coupling
constants (J) in Hz. The samples were dissolved in DMSO-d6 or CDCl3. TMS was used as
an internal standard.

IR spectra were recorded on a Jasco FT/IR-410 spectrophotometer (Jasco Corporation,
Tokyo, Japan) in KBr pellets.

Melting points were measured on a Böetius PHMK apparatus (Veb Analytik, Dresden)
and were uncorrected.

The high-resolution MS (HRMS) spectrum was recorded on a Bruker Maxis II QTOF
spectrometer (Bruker Daltonics, Bremen, Germany) with electrospray ionisation (ESI)
in positive mode. The compound was initially dissolved in DMSO and further diluted
1:100 with acetonitrile. MS spectrum processing and isotope pattern simulations have been
performed with Compass Data Analysis V.4.4 (Bruker Daltonics).
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4. Experimental
4.1. Synthesis of 2-((4-(4-Ethoxyphenyl)-5-(4-methoxyphenyl)-4H-1,2,4-triazol-3-yl)thio)-1-
phenylethan-1-one (2)

In a 100 mL round bottom flask equipped with a magnetic stirrer, 4-(4-ethoxyphenyl)-
5-(4-methoxyphenyl)-4H-1,2,4-triazole-3-thiol (1 g, 3 mmol) was added together with 20 mL
of DMF.

After complete dissolution of triazole-3-thiol (1), caesium carbonate (0.992 g, 3 mmol)
was added to the solution. A white precipitate formation was observed. The solution
was stirred for 1 h to ensure that the whole triazole-3-thiol quantity was transformed into
caesium 4-(4-ethoxyphenyl)-5-(4-methoxyphenyl)-4H-1,2,4-triazole-3-thiolate salt.

A solution of 2-bromo-1-phenylethan-1-one (0.642 g, 3.2 mmol) was prepared in
10 mL of 96% ethanol. Then, the obtained solution was added dropwise to the caesium
thiolate salt under stirring. A slightly pink colouration of the solution was observed. After
adding 2-bromo-1-phenylethan-1-one, the reaction mass was left to stir for 24 h. Reaction
completion was monitored using TLC, using a 1:1 (v/v) hexane:ethyl acetate mixture as
an eluent.

After 24 h, a white precipitate was observed in reaction mass, whereas the colour of
the solution changed to a bright yellow one. The reaction mass was added dropwise to
150 mL of distilled water under vigorous stirring. A white precipitate was separated using
vacuum filtration. After separation, the precipitate was dried at room temperature.

The precipitate was recrystallised from 35 mL of 96% ethanol.
920 mg of compound was obtained, and the isolation yield was 68%, melting point:

163–165 ◦C; 1H NMR (CDCl3, 500 MHz) δ (ppm): 8.04 (d, 2H, J = 7.2 Hz, 2′′′-H, 6′′′-H),
7.62–7.58 (m, 1H, 4′′′-H), 7.50–7.47 (m, 2H, 3′′′-H, 5′′′-H), 7.36 (d, 2H, J = 8.9 Hz, 2′-H,
6′-H), 7.16 (d, 2H, J = 8.7 Hz, 2′′-H, 6′′-H), 6.95 (d, 2H, J = 8.7 Hz, 3′′-H, 5′′-H), 6.79 (d, 2H,
J = 8.9Hz, 3′-H, 5′-H), 4.95 (s, 2H, -S-CH2-), 4.07 (q, 2H, -CH2-CH3), 3.77 (s, 3H, -CH3),
1.45 (t, 3H, -CH2-CH3); 13C NMR (CDCl3, 125 MHz) δ (ppm): 193.3 (-C=O), 160.6 (4′-C),
159.9 (4′′-C), 155.1 (5-C), 152.2 (3-C), 135.3 (1′′′-C), 133.8 (4′′′-C), 129.5 (2′-C, 6′-C),
128.8 (3′′′, 5′′′-C), 128.6 (2′′′-C, 6′′′-C), 128.5 (2′′-C, 6′′-C), 126.4 (4′′-C), 119.1 (1′-C),
115.6 (2′′-C, 6′′-C), 113.9 (3′-C, 5′-C), 63.9 (-CH2-CH3), 59.2 (-CH3), 41.1 (-S-CH2),
14.7 (-CH2-CH3); 15N NMR (CDCl3, 50 MHz) δ (ppm): 174.9 (4-N); FT-IR (cm−1):
3046 (νCar-H), 3008 (νCar-H), 2951 (νas

CH3), 2933 (νas
CH3), 1679 (νC=O), 1609 (νC=N triazole),

1578 (νsk.ar.), 1510 (νsk.ar.), 1479 (νsk.ar.), 1254 (νas
COC).

4.2. Synthesis of 4-(4-Ethoxyphenyl)-5-(4-methoxyphenyl)-2,4-dihydro-3H-1,2,4-triazol-3-one (3)

In a 100 mL round bottom flask equipped with a magnetic stirrer, 2-((4-(4-ethoxyphenyl)-
5-(4-methoxyphenyl)-4H-1,2,4-triazol-3-yl)thio)-1-phenylethan-1-one (0.72 g, 2 mmol) was
added to 10 mL of pyridine and 1 mL of distilled water, then the heating of the reaction
mixture with stirring was started.

During 30 min, small portions of sodium borohydride (0.302 g, 8 mmol) were added
to the reaction mass. After this, the reaction mass was refluxed for 1 h. Reaction completion
was monitored using TLC, using a 1:1 (v/v) hexane:ethyl acetate mixture as an eluent.

After completion of the reaction, the solution was cooled to room temperature, then
using a 10 % HCl solution, the pH was adjusted to 6.5–7. The solution was added dropwise
to 50 mL of water under vigorous stirring. A white precipitate was formed. The precipitate
was recrystallised from 10 mL of 96% ethanol.

280 mg of crystalline white compound was obtained, and the isolation yield was 45%,
melting point: 229–231 ◦C; 1H NMR (DMSO-d6, 500 MHz) δ (ppm): 11.98 (s, 1H, -NH),
7.22 (d, 2H, J = 8.8 Hz, 2′-H, 6′-H), 7.16 (d, 2H, J = 8.8 Hz, 2′′-H, 6′′-H), 6.97 (d, 2H, J = 8.8 Hz,
3′′-H, 5′′-H), 6.88 (d, 2H, J = 8.8 Hz, 3′-H, 5′-H), 4.03 (q, 2H, J = 6.9 Hz, -O-CH2), 3.72 (s,
3H, -O-CH3), 1.33 (t, 3H, -CH2CH3); 13C NMR (DMSO-d6, 125 MHz) δ (ppm): 160.6 (4′-C),
158.7 (4′′-C), 155.3 (3-C), 145.8 (5-C), 129.6 (2′′-C, 6′′-C), 129.5 (2′-C, 6′-C), 126.7 (1′′-C),
119.9 (1′-C), 115.3 (3′′-C, 5′′-C), 114.4 (3′-C, 5′-C), 63.8 (-O-CH2), 55.6 (-O-CH3),
15.0 (-CH2-CH3); 15N NMR (DMSO-d6, 50 MHz) δ (ppm): 254.5 (1-N), 164.5 (2-N),
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154.1 (4-N), FT-IR (cm−1): 2974 (νas
CH3-OR), 1698 (νC=O), 1612 (νsk.ar.), 1513 (νsk.ar.),

1298 (νas
COC), 838 (γ1,4-disubst. phenyl); HRMS-ESI (m/z): [M + Na+] for C17H17N3O3 Na,

calcd. 334.11621, found 334.11619.
All spectra are reported in supplementary materials.

5. Conclusions

A new triazolone (3) was synthesized by a new, unreported method, which probably
followed a nucleophilic substitution of the alkylsulphanyl functional group with hydroxide
anion. The reported method can potentially be used for the synthesis of similar triazolones.

Supplementary Materials: The following supporting information can be downloaded online. Figure S1.
1H NMR spectrum of the compound (2), Figure S2. 13C NMR spectrum of the compound (2), Figure
S3. 13C DEPT135 spectrum of the compound (2), Figure S4. COSY 1H-1H spectrum of the compound
(2), Figure S5. HSQC 1H-13C spectrum of the compound (2), Figure S6. HMBC 1H-15N spectrum of
the compound (2), Figure S7. HMBC 1H-13C spectrum of the compound (2), Figure S8. 1H NMR
spectrum of the compound (3), Figure S9. 13C NMR spectrum of the compound (3), Figure S10. 13C
DEPT135 spectrum of the compound (3), Figure S11. COSY 1H-1H spectrum of the compound (3),
Figure S12. HSQC 1H-13C spectrum of the compound (3), Figure S13. HSQC 1H-15N spectrum of the
compound (3), Figure S14. HMBC 1H-13C spectrum of the compound (3), Figure S15. HMBC 1H-15N
spectrum of the compound (3), Figure S16. FT-IR spectrum of the compound (2), Figure S17. FT-IR
spectrum of the compound (3), and Figure S18. HRMS spectrum of the compound (3).
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