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Abstract

3-Methyl-1-phenyl-1,5-dihydro-pyrazolo[3,4-d]pyrimidine-4-thione was prepared and used
as a key compound for the preparation of some S-acyclic nucleosides of pyrazolo[3.,4-
d]pyrimidine-thiones. Furthermore, the corrosion inhibitions of the prepared compounds
towards carbon steel corrosion by 1.0 M hydrochloric acid were evaluated by chemical and
electrochemical methods. The effect of inhibitors concentrations and temperatures were
studied. The corrosion inhibition efficiency increased with concentrations and decreased
with temperature. Addition of inhibitor molecules to the aggressive medium produces a
negative shift in the open circuit potential. Galvanostatic polarization measurements reveal
that thione compounds act as mixed type inhibitors. Thermodynamic activation parameters
were calculated and discussed. The results were in good agreement to each other.
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1. Introduction

Corrosion is an afflicting problem associated with every use of metals. The use of organic
inhibitors is one of the most practical and environmentally-friendly methods to protect
metals and alloys against corrosion, A number of heterocyclic organic compounds having
either a delocalized set of electrons or just an electron pair on nitrogen, oxygen or sulfur
heteroatoms, through which they adsorb on metallic surfaces, can block the active sites to
decrease the rate of corrosion of steel. The binding of pyrazolopyrimidine with acyclic and
cyclic sugar moiety forming the corresponding nucleosides has commanded the worldwide
attention of many research groups because of their pharmacological activities, especially as
potential antiviral, [1] anticancer, [2] and antibiotic agents [3]. In connection of our
research program for synthesis of different cyclic and acyclic nucleosides of fused
heterocyclic with biological interest [4—7]. A large number of scientific studies have been
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devoted to the subject of corrosion inhibition of steel in acidic media [8—20] by
heterocyclic compounds. Pyrazolo pyrimidinone derivatives are promising corrosion
inhibitors as its contain functional groups, nitrogen and oxygen atoms in its structure which
help the adsorption of the inhibitors on the steel surface, pyrazolo pyrimidinone derivatives
of higher aqueous solubility and easily prepared from pyrazolo pyrimidine itself. From the
literatures the use of pyrazolo pyrimidinone as corrosion inhibitors for steel are limited.
Pyrazolo pyrimidinone compounds also have some medical applications due to no toxicity
of it so it can be used as potential non-toxic corrosion inhibitors. In the previous work [8]
pyrazolopyrimidine derivatives (3-(3-methyl-1-phenyl-1H-pyrazolo[3,4-d|pyrimidin-4-
yloxy)-propionamide) were synthesized, characterized, and evaluated as corrosion
inhibitors for steel in hydrochloric acid. This work aimed to synthesize and characterize
new pyrazolopyrimidine derivatives with acyclic S-nucleosides to investigate their
behavior as new inhibitors for the corrosion of steel in 1.0 M hydrochloric acid corrosive
medium. Effect of inhibitors concentrations and temperature are studied by chemical and
electrochemical techniques. Thermodynamic activation parameters were calculated and
discussed.

2. Experimental

2.1. Synthesis

All melting points are uncorrected and were measured using an Electrothermal IA 9100
apparatus, Shimadzu (Japan). Microanalytical data were performed by Vario El-Mentar
apparatus, Organic Microanalysis Section, National Research Centre, Cairo, Egypt. Their
results were found to be in agreement with the calculated values (£ 0.3). The IR spectra
(KBr) were recorded on a Perkin-Elmer 1650 spectrophotometer, National Research
Centre, Cairo, Egypt. 'H and °C NMR spectra were determined on a Jeol 300 MHz in
DMSO-dg, National Research Centre, and the chemical shifts were expressed in ppm
relative to TMS as internal reference. Mass spectra were recorded on 70 eV EI Ms-QP
1000 EX (Shimadzu, Japan), National Research Centre, Cairo, Egypt. Column
chromatography was performed on (Merck) Silica gel 60 (particle size 0.06—0.2 mm).
Compound 1 (see Section 3.1) was prepared according to reported methods [8].

3-Methyl-1-phenyl-1,5-dihydro-pyrazolo[3,4-d] pyrimidine-4-thione (2)

A solution of compound 1 (0.226 g, 1 mmol) and phosphorus pentasulfide (0.222 g, 1 mmol)
in dry pyridine was refluxed for 1.5 h. The reaction mixture was cooled and poured into ice
water (100 mL) filtered off and acidified the filtrate with hydrochloric acid (3 mL, 10%).
The precipitated material was filtered off, washed with water, dried, and recrystallized
from dioxane to give compound 2. Yield 94%, mp. 280—-282°C, IR (KBr, v, cmﬁl): 3443
(NH) and 1346 (C=S). '"H NMR (DMSO-dg, 6 ppm): 2.69 (s, 3H, CH3), 7.26—7.48 (m, 5H,
Ar-H), 8.51 (s, 1H, H6-pyrimidine), 14.50 (s, 1H, NH, D,O exchangeable); °C NMR
(DMSO-dg, 6 ppm): 9.40 (CH3), 110.15 (C3a), 120.29-138.86 (6Ar-C), 139.70 (C7a),
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151.25 (C3), 160.90 (C6), 180.52 (CS); MS m/z (%): 242 [M'] (100). Anal. caled. for
CiHoN4S (242.30): C, 59.48; H, 4.16; N, 23.12; S, 13.23. Found: C, 59.45; H, 4.14; N,
23.15; S, 13.25.

4-Ethylsulfanyl-3-methyl-1-phenyl-1H-pyrazolo[3,4-d]pyrimidine (3)

A solution of compound 2 (0.24 g, 1 mmol) and sodium hydroxide (0.04 g, 1 mmol) in
ethanol (50 mL) was treated with ethyl iodide (0.16 mL, 1 mmol) and the reaction mixture
was warmed on a steam bath at 70°C for 2 h. The formed precipitate was filtered off, dried,
and recrystallized from dioxane to give compound 3. Yield 86%, mp. 215-217°C, IR
showed absence of the NH group. '"H NMR (DMSO-dg, 6 ppm): 1.39 (t, J = 7.5 Hz, 3H,
SCH,CH;), 2.42 (s, 3H, CH3), 3.37 (q, J = 7.5 Hz, 2H, SCH,CH3;), 7.26—7.48 (m, 5H, Ar-
H), 8.91 (s, 1H, H6-pyrimidine); *C NMR (DMSO-dg, d ppm): 13.00 (CH3), 15.00 (CH3),
25.70 (CH,S), 110.10 (C3a), 120.30—138.85 (6Ar-C), 139.69 (C7a), 151.25 (C3), 159.25
(C6); MS m/z (%): 270 [M '] (85). Anal. calcd. for C,H4sN,S: C, 62.20; H, 5.22; N, 20.72;
S, 11.86. Found: C, 62.23; H, 5.24; N, 20.73; S, 11.81.

General procedure for the Synthesis of compounds 4—8

To a solution of sodium ethoxide (0.01 mol Na metal in dry ethanol), compound 2
(0.01 mol) was added, and then the reaction mixture was stirred at room temperature for
about 1 h. 2-Chloroethyl methyl ether, chloroacetaldehyde dimethyl-acetal, 2-chloroehanol,
2-(2-chloroethoxy)-ethanol or epichlorohydrine (0.01 mol) was added and the reaction
mixture was stirred at 70°C for 3—4 h, respectively. The reaction mixtures were evaporated
under reduced pressure and the residue were crystallized using ethanol to give the title
compounds 4—8 respectively.

4-(2-Methoxy-ethylsulfanyl)-3-methyl-1-phenyl-1H-pyrazolo[3,4-d]pyrimidine (4)

Yield 58%, mp. 189—190°C, IR showed absence of the NH group. '"H NMR (DMSO-ds, &
ppm): 2.42 (s, 3H, CH3), 2.46 (s, 3H, OCHj3), 3.25 (m, 2H, SCH,), 4.53 (m, 2H, CH,-0),
7.25-7.47 (m, 5H, Ar-H), 8.90 (s, 1H, H6-pyrimidine); MS m/z (%): 300 [M"] (45). Anal.
calced. for C;sH4N4OS: C, 59.98; H, 5.37; N, 18.65; S, 10.68. Found: C, 60.00; H, 5.35; N,
18.68; S, 10.64.

4-(2,2-Dimethoxy-ethylsulfanyl)-3-methyl-1-phenyl-1 H-pyrazolo[3,4-d]pyrimidine (5)

Yield 81%, mp. 136—137 °C, IR showed absence of the NH group. 'H NMR (DMSO-ds, &
ppm): 2.42 (s, 3H, CH;), 3.32 (s, 6H, 2-O—CHjy), 3.83 (d, 2H, S—CH?), 4.50 (t, 1H, S—
CH,—CH), 7.26—7.48 (m, SH, Ar-H), 8.91 (s, 1H, H6-pyrimidine); MS m/z (%): 330 [M]
(55). Anal. calcd. for C;cHgN,O,S: C, 58.16; H, 5.49; N, 16.96; S, 9.71. Found: C, 58.19;
H, 5.50; N, 16.93; S, 9.73.
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2-(3-Methyl-1-phenyl-1H-pyrazolo[3,4-d]pyrimidin-4-ylsulfanyl)-ethanol (6)

Yield 61%, mp. 119—121°C, IR (KBr, v, cm™'): 3416 (OH), 'H NMR (DMSO-d, § ppm):
2.41 (s, 3H, CH3), 3.55 (d, 2H, S—-CH,), 4.34 (m, 2H, —CH,—OH), 5.20 (br, 1H, OH, D,0
exchangeable), 7.26—7.48 (m, 5SH, Ar-H), 8.91 (s, 1H, H6-pyrimidine); MS m/z (%): 286
[M'] (60). Anal. caled. for C,4HsN,OS: C, 58.72; H, 4.93; N, 19.57; O, 5.59; S, 11.20.
Found: C, 58.70; H, 4.90; N, 19.55; S, 11.25.

2-[2-(3-Methyl-1-phenyl-1H-pyrazolo/[3,4-d]pyrimidin-4-ylsulfanyl)-ethoxy]-ethanol (7)

Yield 54%, mp. 189—190°C, IR (KBr, v, cm '): 3402 (OH), '"H NMR (DMSO-ds, d ppm):
2.42 (s, 3H, CH;), 2.95 (m, 2H, S—CH,), 3.55-3.73 (m, 4H, —CH,—CH,-OH), 3.85 (m,
4H, S—CH,—CH,—0) 5.32 (br, 1H, OH, D,O exchangeable), 7.26—7.48 (m, 5SH, Ar-H),
8.90 (s, 1H, H6-pyrimidine); MS m/z (%): 330 [M '] (45). Anal. caled. for C,sH;sN40,S: C,
58.16; H, 5.49; N, 16.96; S, 9.71. Found: C, 62.20; H, 5.25; N, 20.70; S, 11.80.

2-(3-Methyl-1-phenyl-1H-pyrazolo[3,4-d]pyrimidin-4-ylsulfanyl)-ethane- 1, 1-diol (8)

Yield 86%, mp. 198—200°C, IR (KBr, v, cm '): 3399 (OH), '"H NMR (DMSO-ds, d ppm):
2.41 (s, 3H, CHy), 2.68 (m, 1H, Ha, S—CH,), 3.46 (d, 1H, Hb, S—CH,), 4.84 (m, 1H, CH-
OH), 5.11 (m, 2H, OH, D,0 exchangeable), 7.24-7.49 (m, 5H, Ar-H), 8.91 (s, 1H, H6-
pyrimidine); MS m/z (%): 302 [M'] (60). Anal. caled. for C4;H;4N,4O,S: C, 62.20; H, 5.22;
N, 20.72; S, 11.86. Found: C, 62.25; H, 5.25; N, 20.70; S, 11.80.

2.2. Methods used to evaluate the corrosion and inhibition
2.2.1. Weight loss measurements

The carbon steel used in this study had the composition (weight %) 0.26 C, 1.35 Mn, 0.04
P, 0.05 S, 0.005 Nb, 0.02 V, 0.03 Ti and the remainder Fe. For weight loss measurements a
coupon of carbon steel with dimension of 2x2x0.2 cm were used. The electrode surface
was polished with different grades of emery papers, degreased with acetone, and rinsed
with distilled water. Analytical grade hydrochloric acid was used for preparing the
corrosive solution.

2.2.2. Open circuit potential

The potential of steel electrode was measured against saturated calomel electrode (SCE) in
1.0 M HCI solution in the absence and presence of different concentrations of the used
inhibitor at 30°C. All measurements were carried out using a Multi-tester until the steady-
state potentials are reached.

2.2.3. Galvanostatic polarization measurements

The working electrode was made from carbon steel rod that has the same composition as
mentioned in point 2.2.1. The rod was axially embedded in araldite holder to offer an
active flat disc shaped surface of an area 1 cm’. Prior to each experiment, the working
electrode was polished successively with fine emery paper, rinsed with acetone, washed
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with double distilled water and finally dried before dipping into the electrolytic cell. A
platinum wire was used as a counter electrode and a saturated calomel electrode (SCE) as
the reference electrode to which all potentials are referred. The electrochemical
experiments are performed using radiometer analytical, Volta master (PGZ301,
DYNAMIC ELS VOLTAMMETRY).

3. Results and Discussion

3.1. Chemistry

Thionation of 3-methyl-1-phenyl-1,5-dihydro-pyrazolo[3,4-d]pyrimidine-4-one 1 [8] with
phosphorus pentasulfide in pyridine afforded the corresponding thione derivative 2 in a
quantitative yield as key compound for further synthesis. The structure of the latter
compound was confirmed on the basis of its elemental analysis and spectral data (cf.
Experimental, Scheme 1). In particular, the infrared (IR) spectrum of compound 2 showed
absorption band assignable to the NH, C=S as well as the absence of C=0 group and MS
gave the molecular ion peak at m/z (%): 242 [M", 100]. Alkaline treatment of compound 2
with ethyl iodide in the presence of potassium hydroxide gave the corresponding S-alkyl
derivative 4-ethylsulfanyl-3-methyl-1-phenyl-1H-pyrazolo[3,4-d]pyrimidine (3). The latter
compound showed signals at & 1.39 and 3.37 for the S-ethyl group, in '"H NMR spectrum,
and signals at §15.00 and 25.70 as well as the absence of C=S group, in °C NMR
spectrum, which indicated that the site of attack is on the sulfur and not on the nitrogen.
Similarly, treatment of sodium salt of compound 2 with 2-chloroethanol, 2-chloroethyl
methyl ether, 2-chloroethyl ethyl ether, or 2-chloroacetaldehyde dimethylacetal, it afforded
the corresponding S-acyclic nucleosides 4—8, respectively (Scheme 1). The IR spectra of
compounds 6—8 revealed the presence of the OH absorption band. Also, 'H NMR spectra
indicated the presence of methoxyethyl, dimethoxyethyl, hydroxyethyl, hydroxymethoxy
ethyl and dihydroxyethyl signals, respectively (cf. Experimental).
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Figure 1. Chemical structure and Scheme 1 for the synthesized inhibitors (3—8).
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3.2. Evaluation of the prepared compounds as corrosion inhibitors by weight loss
measurements

3.2.1. Effect of concentrations on the corrosion inhibition efficiency

The prepared compounds (3—8) were evaluated as corrosion inhibitors for carbon steel
alloy in 1.0 M HCI solution using average weight loss method. The value of corrosion rate
R.or was calculated from the following equation [8, 25]:

Reor = (AW/SY) (1)

where, AW is the average weight loss of steel coupons in the corrosive solution, § is the
total surface area of the specimen, and ¢ is the immersion time. The percentage inhibition
efficiency (%IE) and the surface coverage (0), which represents the part of the metal
surface covered by the inhibitor molecules, were calculated using the following equations:

LLE.= (Rfree - Radd / Rfree) x 100 (2)
e = (Rfree - Radd /Rfree) (3)

where, Rgp.. and R, are the weight losses of carbon steel without and with addition of
inhibitors, respectively [8, 25], while 0 is the part of surface coverage due to adsorption of
the inhibitors molecules on the metal surface. It can be assumed that the inhibitor action of
these inhibitors due to the blocking of the steel surface by the adsorbed molecules and
blocking of the surface area susceptible to corrosion process.

Table 1. Effect of inhibitors concentrations on the corrosion parameters of C-steel in 1.0 M HCI solution
using weight loss measurements at 303 K.

Compound Concentration, ppm Rorr, mg em 2 hr! LE. % 0
BLANK 0 9 0 0

100 1.1 87.7 0.877

200 0.87 90.3 0.903

7 300 0.75 91.6 0.916

400 0.64 92.9 0.929

100 1.4 84 0.84

200 1.3 85.5 0.855

8 300 1.1 87.77 0.877

400 0.88 90.1 0.90
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Table 1 (cont.)

Compound Concentration, ppm Rorr, mg cem 2 hr! LE. % 0
100 1.6 82 0.82
200 1.4 84 0.84
¢ 300 1.2 86.6 0.866
400 1.1 87.7 0.877
100 2.2 75 0.75
200 1.8 80 0.8
) 300 1.6 82 0.82
400 1.4 84 0.84
100 2.8 68.8 0.688
200 2.7 70 0.70
> 300 2.2 75 0.75
400 1.8 80 0.80
100 3.1 65 0.65
200 2.9 69 0.96
3 300 2.6 72.5 0.75
400 2.2 75 0.75

The values of percentage of inhibition efficiency and surface coverage (0) of the
prepared compounds are listed in Table 1. Inspection of this table reveals that, the values of
inhibition efficiency increases with increasing concentration of these compounds and the
inhibition efficiency decreases in the following order: C7 > C8 > C6 > C4 > C5 > C3.
This behavior will be due to functional groups and solubility in aqueous medium.

Figure 2 show weight loss — time curves for carbon steel in 1.0 M HCI solution in the
absence and presence of different concentrations of compound 7 (C7) as an example of the
tested inhibitors. Similar curves were obtained for the other compounds. This figure
reveals that by increasing the concentrations of this compound, the weight loss of carbon
steel samples are decreased. This means that the presence of these compounds retards the
corrosion of carbon steel in 1.0 M HCI solution or in other words, these compounds act as
inhibitors. The linear variation of weight loss with time in uninhibited and inhibited 1.0 M
HCI indicates the absence of insoluble surface films during corrosion. In this case, the
inhibitors are first adsorbed onto the metal surface and thereafter impede corrosion either
by merely blocking the reaction sites (anodic and cathodic) or by altering the mechanism
of the anodic and cathodic partial processes [21—-24].
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Figure 2. Weight loss of carbon steel as a function in time in 1.0 M HCl in absence and
presence of compound 7 (C7).

3.2.2. Effect of temperature on the corrosion inhibition efficiency

To elucidate the mechanism of inhibition and to determine the kinetic parameters of the
corrosion process weight loss measurements were performed at 303, 313, 323, 333 K. The
effect of temperature on the corrosion inhibition efficiency of carbon steel in the presence
of the inhibitor compound 7 is graphically represented in Figure 3.
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Figure 3. Effect of temperature on % L.E. for carbon steel in 1.0 M HCl in the presence of
different concentrations of the compound 7 (C7).

The inhibition efficiency decreased with increase in temperature, leading to the
conclusion that the protective film of these compounds formed on the steel surface is less
stable at higher temperature; which may be due to the desorption of some adsorbed
molecules from the surface of the steel at higher temperature due to which greater area of
the metal is exposed to the acidic environment. The apparent activation energy (£,) of
metal corrosion in acid media can be calculated from the Arrhenius equation [20-25]:
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In Reorr. = (E, / RT) + 4 4)

where E, is the apparent activation energy for the corrosion of carbon steel, R is the
universal gas constant, 4 is Arrhenius preexponential factor and 7 is the absolute
temperature.

Figure 4 depicts the plot of log R.or. vs. 1/T and the values of E, obtained from the
slope of the plot are given in Table 2.

Table 2. Values of activation parameters for carbon steel in 1.0 M HCI in the absence and presence of
different concentrations of the inhibitor compound 7 (C7).

Inhibitor

concentration (ppm) E, (kJ mol™) AH, (kJ mol™) —AS, (J K~ mol™)
blank 41.4 41.1 154.3
100 ppm 56 56.7 149.8
200 ppm 60.4 61.6 146.8
300 ppm 63.2 64.5 142.7
400 ppm 65 67 139.6

The higher value of activation energy (£,) in the presence of inhibitor than in its
absence is attributed to its physical adsorption, its chemisorption is pronounced in the
opposite case [20—25].
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Figure 4. Arrhenius plot for carbon steel in 1.0 M HCI solution in the absence and presence of
different concentrations of the inhibitor compound 7 (C7).

In the present study the higher value of E, for carbon steel in the presence of inhibitor
compared to that in its absence is attributed to its physical adsorption. Szauer and Brand
[26] explained that the increase in E, can be attributed to an appreciable decrease in the
adsorption of the inhibitor on the steel surface with increase in temperature and a
corresponding increase in corrosion rates occurs due to the fact that greater area of metal 1s
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exposed to acid environment. An alternative form of Arrhenius equation is the transition
state equation [20—25]:

Reor. = (RT/Nh)exp(ASy/R)exp(—AH, /RT) (5)

where, / is the Plank’s constant, N is the Avogadro’s number, AS, is the entropy of
activation, and AH, is the enthalpy of activation. A plot of log (CR/T) vs. 1/T gave a
straight line as shown in Figure 5 with a slope of (—AH/2.303R) and an intercept of
[log(R/Nh)+ (AS/R)], from which the values of AH, and AS, were calculated and listed in
Table 2.
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=2 - _ 200 ppm

S 15 =>=300 ppm
E,” 0.51, ’ . . . . . . . . 400 ppm

295 3 305 31 315 32 325 33 335
1/T.10°3,K?

Figure 5. Transition state plot for carbon steel in 1.0 M HCI solution in the absence and
presence of different concentrations of the inhibitor compound 7 (C7).

The positive values of AH, for corrosion of mild steel in the presence and absence of
the inhibitor reflect the endothermic nature of metal dissolution process. The increase in
AH, with increase in the concentration of the inhibitor for mild steel corrosion reveals that
decrease in mild steel corrosion rate is mainly controlled by kinetic parameters of
activation [19-24]. The entropy of activation values are less negative for inhibited
solutions than that for the uninhibited solutions. This suggests that an increase in
randomness occurred while moving from reactants to the activated complex [19, 25].

3.3. Open Circuit Potential Measurements

The potential of carbon steel electrodes immersed in 1.0 M HCI solution was measured as
a function of immersion time in the absence and presence of prepared inhibitor compound
7, as shown in Figure 6. It is clear that the potential of steel electrode immersed in 1.0 M
HCI solution (blank curve) tends towards more negative potential firstly, giving rise to a
short step. This behavior was reported by other investigators [23] which represents the
breakdown of the pre-immersion air formed oxide film presents on the surface according to
the following equation:

FezO3 + 6HCl — 2F€C13 + 3H20
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After that the potential was shifted again to more noble direction until steady state
potential is established. Addition of inhibitor molecules to the aggressive medium produces
a negative shift in the open circuit potential due to the retardation of the cathodic reaction.

650- -
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Figure 6. Potential-time curves for carbon steel immersed in 1.0 M HCI solution in the
absence and presence of inhibitor compound 7 (C7).

3.4. Galvanostatic Polarization Measurements

Figure 7 illustrates the galvanostatic polarization curves for carbon steel electrode in 1.0 M
HCI solution with and without different concentrations of used inhibitor compound 7.
Some electrochemical corrosion parameters such as the values of cathodic (J3.) and anodic
(B.) Tafel slopes were determined from the linear region of the polarization curves. The
values of corrosion current density (/) and the corrosion potential (£, ) are listed in
Table 3. Inspection of Table 3 it is concluded that the values of anodic (B,) and cathodic
(Be) Tafel slopes are approximately changed slightly proved that these compounds acted as
mixed inhibitors [24, 27]. The surface area available for anodic dissolution of iron and
cathodic hydrogen evolution reaction decreases without affecting the reaction mechanism.
The values of E,, change slowly to negative values indicating that these inhibitors are of
mixed type inhibitors. The values of /... decrease and hence the values of IE's increase,

indicating the inhibiting effect of these compounds toward the corrosion of carbon steel in
1.0 M HCI solutions.
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Figure 7. Galvanostatic polarization curves of carbon steel in 1.0M HCI solution containing
different concentrations of inhibitor compound 7 (C7).
The corrosion inhibition efficiency is given by the following equation [28-33]:
%IE =1- (Iinh/luninh) x 100 (6)

where: I, and [, are the corrosion current densities in the absence and presence of
inhibitor respectively.

Table3 .Electrochemical corrosion parameters obtained from the galvanostatic polarization measurements
for carbon steel in 1.0M HCl solution containing different concentrations of inhibitor compound 7.

CODC., -E, corr Icorr Bc Ba [
Sample ppm mV SCE) mA cm” mVdec! mVdec! 7o IE o
Blank

L0 M HCI ~ 585.6 1.3 210 177 ~ ~
100 509.6 0.21 169.5 98.8 83.8 0.838
Inhibitor 200 503.2 0.18 175.6 103.4 86.1 0.861

Compound 7

300 535.4 0.15 146.5 95.6 88.5 0.885

400 523.5 0.12 157.4 102.5 90.7 0.907
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Conclusions

The following conclusions can be extracted from the previous discussion:

1.

2.
3.

8.

9.

New acyclic S-nucleosides of pyrazolo[3,4-d]pyrimidine-thione derivatives were
prepared in good yield and characterized by FT-IR and '"H NMR analysis.

Results indicated that, the tested compounds showed promising corrosion inhibitors.

The inhibition efficiency decreases in the following order: C7 > C8 > C6 > C4 > C5 >
C3. This behavior will be due to functional groups and solubility in aqueous medium.

. The corrosion inhibition efficiency increases with increasing inhibitor concentrations

and decreases with temperature.

. Increase in AH, with increase in the concentration of the inhibitor reveals that decrease

in carbon steel corrosion rate is mainly controlled by kinetic parameters of activation.

. The entropy of activation values are less negative for inhibited solutions than that for the

uninhibited solutions. This suggests that an increase in randomness occurred while
moving from reactants to the activated complex.

. Addition of inhibitor molecules to the aggressive medium produces a negative shift in

the open circuit potential due to the retardation of the cathodic reaction.

Galvanostatic polarization measurements reveal that thiones compounds act as mixed
type inhibitor.

The results were in good agreement to each other's.
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