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N-Phenyl-, 1- and 2-naphthyl-N1-2- and 4-pyridylthioureas were synthesized via the
reaction of phenyl-, 1- and 2-naphthylisothiocyanates with 2- and 4-aminopyridines, and
the corresponding pyridine salts were prepared by benzylation of the latter. The
anticorrosive properties of the synthesized compounds were studied by the gravimetric
method in 3 M HCl at 800C using the 08 kp steel samples. The introduction of a benzyl
fragment into the structure of N-aryl-N1-pyridylthioureas led to the emergence of a new
adsorption ammonium center, which increased the overall anti-corrosion efficiency of
the obtained compounds. When using N-aryl-N1-pyridylthioureas, the corrosion inhibition
coefficient had the values of 4.5 to 59.0, whereas it increased to 90.8-629.0 for their salts.
To explain the different anti-corrosion activity of N-aryl-N1-pyridylthioureas and their
pyridine salts, quantum-chemical calculations of the energy parameters ÅÍÎÌÎ, ÅLUMO

and ∆Å=ÅLUMO–EHOMO were carried out and the dependences of the corrosion inhibition
coefficients on EHOMO and ∆E, e∆E were obtained. A correlation was established between
the inhibitory efficiency and energy parameters of the studied compounds.
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corrosion inhibition coefficient, energy parameters.
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Introduction
Thiourea and its derivatives are quite strong

inhibitors of acid corrosion [1], the protective effect
of which is explained by the donor-acceptor interaction
of the multiple bond and heteroatoms with the metal
[2]. It is also known that the main factor affecting the
effectiveness of most acid corrosion inhibitors is the
presence of an ammonium center in their structure,
due to which the inhibitor molecules are adsorbed on
the metal surface [3]. The introduction of such a
center into the structure of thiourea and its derivatives
will enhance the overall protective effect of such
compounds.

In addition, organic cations, which have a
significant shielding effect, will also improve the
protection of the metal [3]. In this regard, it is of
interest to synthesize compounds of this structure that
provide a total inhibitory effect and study their behavior
in an acidic medium.

The aim of this work is, firstly, the one-step
synthesis of N-aryl-N1-pyridylthioureas and their
benzylation to obtain pyridinium salts, and secondly,
the study of the anticorrosion properties of these
compounds in an acidic medium.

Experimental
1H NMR spectra were recorded on BrukerAvance

II 400 instrument (400.13 MHz) in DMSO-d6 with
TMS as internal reference, chemical shifts were
measured in the δ scale. IR spectra were recorded on
Specord-75-JR spectrometer in KBr pellets. The purity
of the îobtained compounds was monitored by TLC
and column chromatography on Merck silica gel
60F-254. Reagents of chemically pure grade were
used fîr the experiments. For quantum chemical
calculations, the Firefly software package [4] was used,
partially based on the GAMESS (US) source code
[5], according to the B3LYP method with the basic
set 6-31G(d) [6,7], which allows finding the
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conformation with the minimum energy and
determining the energies of the HOMO and LUMO,
as well as the charges of the adsorbed centers of the
structure cations.

The starting N-aryl isothiocyanates (1)–(3)
required for the synthesis of N-aryl-
N1-pyridylthioureas (6)–(11) were obtained according
to ref. [8,9]. N-Phenyl-N1-(2-pyridyl)thiourea (6)
was prepared by the reaction of N-phenylisothiocyanate
with 2-aminopyridine according to [10], N-aryl-
N1-pyridylthiourea (7)–(10) was synthesized by the
same method [11] as indicated on the scheme. The
physicochemical constants of thioureas (6)–(10) and
the data of their 1HMR spectra corresponded to the
literature data.

New thiourea (11) was synthesized in the same
way as compounds (6)–(10). 2-Naphthylisothiocyanate
(2.5 g, 13.0 mmol) and 4-aminopyridine (1.52 g,
16.0 mmol) are dissolved in 20 ml of pyridine. Leave
overnight at room temperature under argon. The
precipitate that forms is filtered off, washed with dry
benzene and dried in air.

Yield 3.49 g (methanol–water), 92%; mp. 1320C.
1H NMR (δ, ppm): 7.38 (2H, t, 8.0 Hz, 5,6-naphtyl),
7.48 (2H, t, 8.0 Hz, 7,8-naphtyl), 7.61 (1H, d,
8.5 Hz, 4-naphtyl), 7.78 (1H, d, 8.5 Hz, 3-naphtyl),
8.01 (1H, s, 1-naphtyl), 8.42 (2H, d, 6.0 Hz, 3-Py),
8.56 (2H, d, 6.0 Hz, 2-Py), 10.27 (2H, NH).
IR, cm–1: 828 (CH, δ), 1125 (C=S, ν), 1365 (NH,
δ), 1428 (4-Py, ν), 1525 (CN, ν), 1578 (CN, ν),
3080 (CH, ν).

General procedures for benzylation of N-aryl-
N1-pyridylthioureas

7–9 mmol thiourea (6)–(11) and 7–14 mmol
benzyl chloride were dissolved in 25–30 ml of dry
benzene or CHCl3, boiled for 10–22 h. Then, the
mixture was cooled and the solvent was evaporated in
vacuum to a dry residue or precipitated from the
reaction. The precipitate was filtered off, dried in a
vacuum desiccator, and weighed. The yields of salts
(12)–(17) were 44–98%. After further purification
by recrystallization or by TLC or column
chromatography, the melting point was determined,
and elemental analysis and 1H NMR spectrometry
were performed. Physicochemical constants of salts
(12)–(17) and data of 1H NMR spectra are shown
below and in Table 1.

N1-(2-pyridyl-N-benzylpyridinium chloride)-N-
(phenyl)thiourea (12)

1H NMR (δ, ppm): 4.39 (2H, s, CH2), 7.12
(1H, t, 6.5 Hz, p-Ph), 7.18 (1H, t, 6.5 Hz, m-Ph),
7.22 (1Í, 7.0 Hz, o-Ph), 7.26–7.46 (7Í, m, Ph),
7.69 (1Í, 8.0 Hz, 3-Ðó), 7.84 (1Í, t, 8.0 Hz, 4-Ðó),
8.15 (1H, t, 8.0 Hz, 5-Py), 8.33 (1H, dd, 8.0 Hz,

4.0Hz, 6-Py), 10.88 (1H, s, NH), 13.82 (1H, s,
NH). IR, cm–1: 1130 (C=S, ν), 1360 (NH, δ), 1528
(CN, ν), 1585 (CN, ν), 1620 (2-Py, ν), 1945 (CH,
δ), 3020 (CH, ν), 3035 (CH, ν).

N1-(2-pyridyl-N-benzylpyridinium chloride)-N-(1-
naphthyl)thiourea (13)

1H NMR (δ, ppm): 5.35 (2H, s, CH2 6.80 (1H,
t, 8.0 Hz, 6-naphtyl), 6.86 (1H, d, 8.0 Hz, 5-naphtyl),
7.11 (1H, d, 8.0 Hz, 8-naphtyl), 7.31–7.38 (5H, s,
Ph), 7.45 (1H, d, 8.0 Hz, 3-Py), 7.57 (1H, d,
8.5 Hz, 4-naphtyl), 7.58 (1H, t, 8.0 Hz, 4-Py),
7.69 (1H, dd, 8.0 Hz, 4.0 Hz, 3-naphtyl), 7.89 (1H,
δ, 8.5 Hz, 2-naphtyl), 8.08 (1H, t, 8.0 Hz, 7-naphtyl),
8.17 (1H, t, 8.0 Hz, 5-Py), 8.55 (1H, dd, 8.0 Hz,
4.0Hz, 6-Py), 10.09 (1H, s, NH), 11.45 (1H, s,
NH). IR, cm–1: 840 (CH, δ), 1135 (C=S, ν),
1375 (NH, δ), 1532 (CN, ν), 1570 (CN, ν),
1615 (2-Py, ν), 3021 (CH, ν), 3035 (CH, ν).

N1-(2-pyridyl-N-benzylpyridinium chloride)-N-(2-
naphthyl)thiourea (14)

1H NMR (δ, ppm): 5.65 (2H, s, CH2),
7.18 (1H, d, 8.5 Hz, 5-naphtyl), 7.25 (1H, t, 8.5 Hz,
6-naphtyl ), 7.40 (1H, d, 8.0 Hz, 3-Py), 7.43 (1H, t,
8.5 Hz, 7-naphtyl), 7.46–7.49 (5H, s, Ph),
7.56 (1H, t, 8.0 Hz, 4-Py), 7.65 (1H, d, 8.5 Hz,
8-naphtyl), 7.95 (1H, s, 1-naphtyl), 8.15 (1H, t,
8.0 Hz, 5-Py), 8.27 (1H, d, 6.5 Hz, 4-naphtyl),
8.39 (1H, d, 6.5 Hz, 3-naphtyl), 8.51 (1H, dd,
8.0 Hz, 4.0Hz, 6-Py), 11.63 (1H, s, NH),
11.75 (1Í, s, NH). IR, cm–1: 838 (CH, δ),
1142 (C=S, ν), 1365 (NH, δ), 1520 (CN, ν),
1565 (CN, ν), 3025 (CH, ν), 3080 (CH, ν).

N1-(4-pyridyl-N-benzylpyridinium chloride)-N-
(phenyl)thiourea (15)

1H NMR (δ, ppm): 5.64 (2H, s, CH2),
7.24 (1H, t, 7.5 Hz, p-Ph), 7.39–7.45 (7H, m, Ph),
7.59 (2Í, d, 9.0 Hz, o-Ph), 8.27 (2Í, d, 8.0 Hz,
2-Ðó), 8.82 (2Í, d, 8.0 Hz, 3-Ðó), 11.47 (1Í, s,
NH), 12.13 (1H, s, NH). IR, cm–1: 1126 (C=S, ν),
1357 (NH, δ), 1520 (CN, ν), 1420 (4-Py, ν),
1940 (CH, δ), 3015 (CH, ν), 3030 (CH, ν).

N1-(4-pyridyl-N-benzylpyridinium chloride)-N-(1-
naphthyl)thiourea (16)

1H NMR (δ, ppm): 5.66 (2H, s, CH2),
6.76 (1H, t, 8.0 Hz, 6-naphtyl), 6.84 (1H, d, 8.0 Hz,
5-naphtyl), 7.14 (1H, d, 8.0 Hz, 8-naphtyl), 7.31–
7.45 (5H, s, Ph), 7.57 (1H, d, 8.5Hz, 4-naphtyl),
7.67 (1H, dd, 8.0 Hz, 4.0Hz, 3-naphtyl), 7.91 (1H,
d, 8.5 Hz, 2-naphtyl), 7.99 (1H, t, 8.0 Hz, 7-naphtyl),
8.27 (2H, d, 5.0 Hz, 3-Py), 8.86 (2H, d, 5.0 Hz,
2-Py), 12.58 (1H, s, NH), 13.16 (1H, s, NH).
IR, cm–1: 860 (CH, δ), 1130 (C=S, ν),
1362 (NH, δ), 1415 (4-Py, ν), 1525 (CN, ν),
1582 (CN, ν), 3021 (CH, ν), 3070 (CH, ν).
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N1-(4-pyridyl-N-benzylpyridinium chloride)-N-(2-
naphthyl)thiourea (17)

1H NMR (δ, ppm): 5.87 (2H, s, CH2),
7.43–7.46 (6H, m, Ph, 7-naphtyl), 7.52 (1H, t,
8.0 Hz, 6-naphtyl), 8.21 (1H, d, 7.5 Hz, 4-naphtyl),
8.34 (1H, d, 7.5 Hz, 3-naphtyl), 8.86 (2H, d,
9.0 Hz, 3-Py), 9.24 (2H, d, 9.0 Hz, 2-Py),
11.75 (1H, s, NH), 12.36 (1H, s, NH). IR, cm–1:
810 (CH, δ), 1126 (C=S, ν), 1355 (NH, δ),
1410 (4-Py, ν), 1525 (CN, ν), 1575 (CN, ν),
3020 (CH, ν), 3068 (CH, ν).

Anticorrosion activity
Corrosion tests were carried out in 3 M HCl at

800C by gravimetric method using the 08 kp steel
samples of cylinder form (diameter of 11 mm and
height of 20 mm) polished to the 5 class of accuracy.
Before being placed in the medium corrosion, the
steel samples were cleaned with acetone and dried in
a silica gel desiccator for 5–6 hours. After completion
of the experiment, the sample was washed with distilled
water and dried at 1500C for 0.5 h. Then, they were
weighed by analytical scales. 0.01 mol·L–1 of the
synthesized compounds were used for inhibition, the
tests period being 0.25 h. Corrosion inhibition
coefficient was calculated using the following formula:

γ=i/i’,

where i and i’ are the corrosion rates in the absence
and in the presence of the inhibitor, respectively [3].

The reduced corrosion inhibitory coefficient [g],
taking into account the molar mass of organic
inhibitors, was calculated by the following formula:

[γ]=γ/M,

where M is the molar mass of the inhibitor.
Results and discussion
N-Aryl-N1-pyridylthioureas (6)–(10) were

prepared by a one-step synthesis with 63–89% yields.
Undescribed N-(2-naphthyl)-N1-(4-pyridyl)thiourea
(11) was synthesized by the same method, elemental
analysis data corresponded to its empirical formula,
and the 1H NMR spectrum contained a broadened
singlet of 2 protons of the NH groups at 10.27 ppm
(Scheme, Table 1).

The pyridinium salts (12)–(17) were obtained
by benzylation of thioureas (6)–(11), the elemental
analysis data also corresponded to their empirical
formulas, and their 1H NMR spectra contained signals
methylene protons of CH2– groups of benzyl radicals
at 5.87–7.39 ppm, signals of 2 protons of NH groups
at 10.09–12.56 and 11.45–13.82 ppm (Scheme,
Table 1).

Table 1
Physicochemical constants of synthesized salts (12)–(17)

Found, % Calculated, % Compound mp, 0С Cl N Formula Cl N 
1H NMR, s, (1Н) NH Yield, % 

12 162 10.74 11.17 С19Н18ClN3S 10.11 11.80 10.88; 13.82 62 
13 195 8.83 10.30 C23H20ClN3S 8.87 10.34 10.09; 11.45 56 
14 234 8.82 10.30 C23H20ClN3S 8.87 10.34 11.63; 11.75 60 
15 200 10.09 11.77 С19Н18ClN3S 10.11 11.80 11.47; 12.13 44 
16 120 8.83 10.29 C23H20ClN3S 8.87 10.34 12.58; 13.16 65 
17 90 8.82 10.33 C23H20ClN3S 8.87 10.34 11.75; 12.36 98 

Scheme
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To evaluate the anticorrosion properties of the
synthesized compounds, we studied their effect on
the corrosion of steel 08 kp in 3 M HCl at 800C for
0.25 h, using them in an amount of 0.01 mol. We
determined the corrosion inhibition coefficient γ and
recalculated it into the reduced corrosion inhibition
coefficient [g], taking into account the molecular weight
of the tested compounds.

As can be seen from Table 2, the anticorrosion
properties of thioureas (6)–(11) and their pyridinium
salts (12)–(17) differ sharply. The first exhibit a rather
weak protective effect, the values of the coefficient γ
being in the range from 4.4 to 59.1 when they are
used. This can be explained by the fact that the ability
of the molecules of these thioureas to be adsorbed on
the metal surface and protect it from corrosion is
limited only by the donor-acceptor interaction π-
electrons of a multiple bond and p-electrons of
heteroatoms with vacant metal orbitals [2], which is
affected by the size and spatial arrangement of the
phenyl, naphthyl, and pyridyl radicals.

The introduction of a benzyl radical into the
structure of synthesized urea molecules to obtain salts
(12)–(17) leads to the formation of a new, stronger
adsorption ammonium center, which creates
intramolecular synergy and the inhibitory effect is
sharply enhanced (Table 2). In the series of benzylated
thioureas (12)–(17), the salts (12) and (15) are the
least active as inhibitors, since there is a phenyl radical
in their structure. In the presence of naphthyl radicals
in the, structure, the anticorrosion properties naturally
increase by almost 4 times and the coefficient γ increases
to 421.7–629.1, which can be explained both by the
stronger blocking effect of these radicals and by the

energy parameters of the cations of such salts adsorbed
on the metal surface. It is known from the literature
[12] that such parameters can be the energies of the
frontier orbitals EHOMO, ELUMO and ∆E=ELUMO–EHOMO.

We carried out quantum-chemical calculations
of these parameters for salt cations (12)–(17), and
the results, as well as the values of the coefficients γ
and [γ] are shown in Table 3. These data confirm the
dependence of inhibitory effects on energy
characteristics [12–15].

Table 3 shows the dependence of the
anticorrosion properties of the studied salts on the
EHOMO value of the following order
(14)>(13)>(16)>(17)>(12)>(15), and the decreasing
the values of ∆E occur in the following series
(15)>(12)>(17)>(16)>(13)>(14), which correlates with
values γ and [γ]. According to data shown in Table 3,
a linear dependence [γ] vs. ∆E was constructed and
an approximation was carried out (R=0.96). For the
dependence [γ] vs. e∆E, the correlation coefficient has
a more correct value, 0.99, than that given elsewhere
[12,13] when studying the anticorrosion properties of
other amines. When applying the IMCA principle to
the processes of metal dissolution and corrosion
inhibition, the investigated compounds (12)–(17) can
be attributed to «hard» molecules due to the ∆E values
found for them and having the ability to create strong
bonds with the metal surface.

Conclusions
N-aryl-N1-pyridylthioureas were prepared by a

one-step synthesis, and pyridinå salts were synthesized
by benzylation with 44–98% yields. The anticorrosive
properties of the synthesized compounds were studied
by corrosion tests of the 08kp steel in 3 M HCl at

Table 3
Inhibitory effect and quantum-chemical parameters of cations of compounds (12)–(17)

Table 2
Influence of thioureas (7)–(8), (10)–(11) and products of their benzylation (12)–(17) on the corrosion of steel 08 kp

in 3 M HCl at 800C for 0.25 h

Compound EHOMO , eV ELUMO , eV ∆E, eV e∆E γ [γ] 
12 –11.31 –2.12 9.19 9820.00 163.81 0.46
13 –8.23 –5.60 2.63 13.90 596.65 1.47
14 –8.06 –5.71 2.35 10.50 629.11 1.55
15 –11.21 –1.92 9.29 10860.00 90.77 0.26
16 –8.66 –5.34 3.32 27.72 466.33 1.15
17 –8.72 –5.35 3.37 29.14 421.72 1.04
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800C for 0.25 h. The introduction of the benzyl
fragment into the structure of N-aryl-N1-
pyridylthioureas leads to the emergence of a new
adsorption ammonium center, which enhances the
overall anticorrosive efficiency of the obtained
compounds. The coefficient of corrosion inhibition γ
when using N-aryl-N1-pyridylthioureas as inhibitors,
having a value from 4.5 to 59.0, increases for their
pyridinium salts to 90.8–629.0. For the latter, the
reduced corrosion inhibition coefficient [γ] correlates
better than the coefficient γ with such energy
characteristics of the cations of these salts as EHOMO

and ∆E=ELUMO–EHOMO.
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ÑÈÍÒÅÇ ÒÀ ÀÍÒÈÊÎÐÐÎÇ²ÉÍ² ÂËÀÑÒÈÂÎÑÒ²
N-ÀÐÈË-N1- Ï²ÐÈÄÈËÒ²ÎÌÎ×ÎÂÈÍ ² ÏÐÎÄÓÊÒ²Â
¯Õ ÁÅÍÇÈËÞÂÀÍÍß

Ä.À. Ïèñàíåíêî, Þ.ª. Êëèìêî, À.Â. Ãàéäàé

Ðåàêö³ºþ ôåí³ë-, 1- òà 2-íàôòèë³çîò³îö³àíàò³â ç 2- òà
4-àì³íîï³ðèäèíàìè ñèíòåçîâàíî N-ôåí³ë-, 1- òà
2-íàôòèë-N1-2- òà 4-ï³ðèäèëò³îìî÷åâèíè, áåíçèëþâàííÿì
îñòàíí³õ îäåðæàí³ â³äïîâ³äí³ ï³ðèäèíîâ³ ñîë³. Àíòèêîðîç³éí³
âëàñòèâîñò³ ñèíòåçîâàíèõ ñïîëóê âèâ÷åí³ ãðàâ³ìåòðè÷íèì
ìåòîäîì ó ñåðåäîâèù³ 3 Ì HCl ïðè 800Ñ ç âèêîðèñòàííÿì
çðàçê³â ñòàë³ 08 êï. Ââåäåííÿ â ñòðóêòóðó N-àðèë-N1-ï³ðè-
äèëò³îìî÷åâèí áåíçèëüíîãî ôðàãìåíòà ïðèâîäèòü äî
ïîÿâè íîâîãî àäñîðáö³éíîãî àìîí³éíîãî öåíòðó, ùî ïîñè-
ëþº çàãàëüíó àíòèêîðîç³éíó åôåêòèâí³ñòü îäåðæàíèõ ñïî-
ëóê. Êîåô³ö³ºíò ãàëüìóâàííÿ êîðîç³¿ ïðè âèêîðèñòàíí³
N-àðèë-N1-ï³ðèäèëò³îìî÷åâèí, ùî ìàº âåëè÷èíó â³ä 4,5
äî 59,0, çá³ëüøóºòüñÿ äëÿ ¿õ ñîëåé äî 90,8–629,0. Äëÿ  ïî-
ÿñíåííÿ ð³çíî¿ àíòèêîðîç³éíî¿ àêòèâíîñò³ N-àðèë-         N1-
ï³ðèäèëò³îìî÷åâèí òà ¿õ ï³ðèäèíîâèõ ñîëåé áóëè ïðîâå-
äåí³ êâàíòîâî-õ³ì³÷í³ ðîçðàõóíêè åíåðãåòè÷íèõ ïàðàìåòð³â
ÅÍÎÌÎ, ÅLUMO òà ∆Å=ÅLUMO–EHOMO ³ íàäàí³ çàëåæíîñò³ êî-
åô³ö³ºíò³â ãàëüìóâàííÿ êîðîç³¿ â³ä EHOMO, ∆Å ³ å∆Å. Âñòà-
íîâëåíî êîðåëÿö³þ ì³æ ³íã³áóþ÷îþ åôåêòèâí³ñòþ òà
åíåðãåòè÷íèìè ïàðàìåòðàìè âèâ÷åíèõ ñïîëóê.

Êëþ÷îâ³ ñëîâà: N-àðèë-N1-ï³ðèäèëò³îìî÷åâèíè,
áåíçèëüîâàí³ N-àðèë-N1-ï³ðèäèëò³îìî÷åâèíè, êîðîç³ÿ,
êîåô³ö³ºíò ãàëüìóâàííÿ êîðîç³¿, åíåðãåòè÷í³ ïàðàìåòðè.
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SYNTHESIS AND ANTICORROSION PROPERTIES OF
N-ARYL-N1-PYRIDYLTHIOUREAS AND THEIR
BENZYLATED PRODUCTS
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National Technical University of Ukraine «Igor Sikorsky Kyiv
Polytechnic Institute», Kyiv, Ukraine
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N-Phenyl-, 1- and 2-naphthyl-N1-2- and
4-pyridylthioureas were synthesized via the reaction of phenyl-,
1- and 2-naphthylisothiocyanates with 2- and 4-aminopyridines,
and the corresponding pyridine salts were prepared by benzylation
of the latter. The anticorrosive properties of the synthesized
compounds were studied by the gravimetric method in 3 M HCl
at 800C using the 08 kp steel samples. The introduction of a
benzyl fragment into the structure of N-aryl-N1-pyridylthioureas
led to the emergence of a new adsorption ammonium center,
which increased the overall anti-corrosion efficiency of the obtained
compounds. When using N-aryl-N1-pyridylthioureas, the
corrosion inhibition coefficient had the values of 4.5 to 59.0,
whereas it increased to 90.8-629.0 for their salts. To explain the
different anti-corrosion activity of N-aryl-N1-pyridylthioureas
and their pyridine salts, quantum-chemical calculations of the
energy parameters ÅÍÎÌÎ, ÅLUMO and ∆Å=ÅLUMO–EHOMO were
carried out and the dependences of the corrosion inhibition
coefficients on EHOMO and ∆E, e∆E were obtained. A correlation
was established between the inhibitory efficiency and energy
parameters of the studied compounds.

Keywords: N-aryl-N1-pyridylthioureas; benzylated N-aryl-
N1-pyridylthioureas; corrosion; corrosion inhibition coefficient;
energy parameters.
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