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ABSTRACT

A novel Schiff bases and their acryloyl derivativesre synthesized through the reaction of
p-hydroxybenzaldehyde in order of with anilipechloroaniline p-nitroaniline,p-metilaniline
and p-aminobenzoic acid. The structures of these comg®unvere characterised
spectroscopic techniques such of 1R;NMR, **C-NMR and Mass spectroscopy—n* and
n—7w* transitions were determined via UV-Vis spectrgsgcstudies performed in EtOH,
CHCIl;, and DMF. Furthermore, the inhibition efficiencies these new compounds were
investigated on the surface of steel within theusoh of 0.1M NacCl, 0.1 M NaOH and 0,10

M H>SO, solution via cyclic voltammetry and Tafel extragidn methods.

Keywords: Schiff bases; acryloyl chloride; Tafelgr@sation analysis; corrosion inhibition

Highlights

Novel Schiff bases containing acryloyl moiety weyathesised.

Structural characterizations were performed viaUR;Vis, and NMR spectroscopy.



The inhibition efficiencies of these novel Schiffades were investigated by cyclic
voltammetry and Tafel extrapolation methods.
These compounds may have a pioneer significance irolsynthesizing novel organic

materials.

1. Introduction

Schiff bases are versatile molecules and havewedanuch attention in many types
of research [1-2]. They are widely used in varibakls, particularly as corrosion inhibitors,
dyes and pigments, and catalysts for activatiosnadll molecules and also they have a fairly
large biological activities [2-6]. Structurally, 8Schiff base (also known as imine or
azomethine) is a nitrogen analogue of an aldehydeetone in which the carbonyl group
(C=0) has been replaced by an imine or azomethimepg[3]. Due to the presence of the —
C=N- group, an electron cloud on the aromatic rithg electronegative nitrogen, and the
oxygen and sulphur atoms in the molecule, Schifebaare considered as good corrosion
inhibitors [7]. Inhibitors are used to prevent malesolution and thus minimise the acid
consumption. Schiff bases are shown to have extedlerrosion inhibition efficiencies as
compared to those of the individual constituent®][8Also, they are easily obtained from
cost-effective starting materials and harmlessiéoenvironment [10]. Despite a large number
of organic compounds, there is always a need ®md#velopment of new organic corrosion
inhibitors [7]. Generally, Schiff bases come inffieet on a metal surface with adsorption [11-
12]. The corrosion inhibition efficiency depends the electron density and polarizability of
the functional groups [13]. Both protonated and -postonated functional groups form
intermediate bridges with the metal surface blogkihe interactions between the metal
surface and corrosive ingredients [14]. The medmarof corrosion inhibition on metals can

be clarified primarily using theoretical modellirand simulations. The highest occupied



molecular orbital (HOMO) and lowest unoccupied nealar orbital (LUMO) calculations
indicate the mechanism of corrosion inhibition asllvas the interactions with the metal
surface [15].

In this study, we have reported the synthesis oEh8chiff bases with imine (>C=N)
and acryloyl groups. The compounds have been syistieein two stages. In the first stage,
Schiff bases were obtained by the reaction betwaenus aniline derivatives wit-hydroxy
benzaldehyde at pH 5. In the second stage, théogtderivatives of Schiff bases have been
obtained by the reaction of metallic sodium andylagt chloride under inert atmosphere
according to the Schotten-Baumann method.

The structural characterizations were performedsgctroscopic methods (IR, UV-
Vis, 'H-NMR, *C-NMR, and Mass). UV-VIS spectroscopy analyses wmdormed in a
variety of solvents with different polarity and pkhlues. Moreover, their inhibition
efficiencies were determined in basic and acididiméy cyclic voltammetry and Tafel
extrapolation methods. Synthesis of novel Schifdsacontaining acryloyl moiety has never
been reported so far to the best of our knowledge.

2. Experimental

The melting points were determined using a digialting point apparatus. The
spectrum was recorded on a Thermo Scientific Cldsaser Product FTIR spectrophotometer
via ATR. Absorption spectra in ethanol, chloroforamnd DMF were determined using a
Thermo Scientific Genesys 10S UV-VIS spectrophotemeElementalH-NMR, and*C-
NMR analyses were performed in the Instrumentallysis Laboratory of METU Central
Laboratory. All electrochemical measurements weeefgpmed in an Ivium Compactstat
Potentiostat/Galvanostat device through two scd@hg. syntheses were carried out in the

Organic Chemistry Laboratory, Science and Litemtkiaculty, Hitit University, and the



inhibition activities were determined in the Resbakaboratory, Engineering Faculty, Hitit
University.
2.1. The synthesis of acryloyl derivatives of Schiff bases.

In the first step, Schiff bases were prepared bg teaction betweenp-
hydroxybenzaldehyde and anilinpschloroaniline, p-nitroaniline, p-methylaniline, andp-
aminobenzoic acid separately in dry Toluene atmalar ratio as described in the literature
[2, 16-17]. In the second step, acryloyl derivagivd Schiff bases were synthesised by the
reaction of these compounds with metallic sodiumg #hen acryloyl chloride under;N
atmosphere at 1.1 molar ratio. The general reacameme and the structure of the related
compounds were shown in Figure 1.

2.1.1. Synthesis of (E)-4-((Phenylimino)methyl)phenal), 1

p-hydroxybenzaldehyde (1.22 g; 0,01 mol) and ani@®3 g; 0.91 mL) were dissolved in
dry Toluene of 35 mL. Glacial acetic acid was addeapwise to the solution obtained until
pH: 4-5 and then refluxed for 24 hours. The by-piidwater) was removed by distillation in
order to increase the Schiff bases yield. The reimgisolution was refluxed again for three
hours. The product precipitated by cooling soluttonthe room temperature. The reaction
medium was filtered and dried. The product was figatifrom ethanol/water to give the
present compound of m.p. 124-125 °C. Yield: 84Rb6(cm™): 3391-3121 (OH), 1573, 1514
(-C=C-), 1601 (HC=N-), 1283, 1241 (C-GH-NMR (500 MHz, @¢-DMSO, ppm):5 10.19
(1H, s, ArOH), 8.44 (1H, s, N=CH, (H3), 7.79 (2, Arpen(H2)), 7.37 (2H, t, Akniine
(H5)), 7.21 (3H, d, Afniine (H4, HB)), 6.94 (2H, d, Atn(H1)). *C NMR (500 MHz, &-
DMSO, ppm):5 161.2 (C1), 160.4 (C5, -CH=N), 152.5 (C6), 131C38), 129.9 (C8), 128.0

(C4), 125.8 (C9), 121.3 (C7), 116.2(C2).

2.1.2. Synthesis of (E)-4-((Phenylimino)methyl)phenyl) acrylate, 2



4-((Phenylimino)methyl)phenoll] (0.6405 g; 3.25 mmol) and fresh metallic sodiuf.77
mg; 3.25 mmol) in dry THF (30 mL) were mixed amarstl under N atmosphere for 24 h.
Then acryloyl chloride (0.271 mL; 3.25 mmol) wasedily added dropwise to the THF
solution of sodium salt of Schiff bases under dtyogen atmosphere. After 4 hours stirring,
the mixture was filtered and the desired product pr@cipitated out by evaporating the THF.
Afterwards, a pale yellow solid was recrystalliZeoin THF-water. Yield: 64%, m.p.: 140-
142 °C, IR (crit): 1773 (-C=0), 1629, 1584 (-C=C-), 1600 (-HC=N:292, 1196, 1165 (C-
0). 'H-NMR (500 MHz, ¢-DMSO, ppm): & 8.44 (1H, s, N=CH, (H3)), 7.78 (2H, d,
Arpenz(H2)) , 7.38 (2H, d, ArAniline (H5)), 7.20 (2H, &raniine (H4)), 7.19 (1H, t, Afniine
(H6)), 6.91 (2H, d, Afenz(H1)), 6.30 (1H, d, (H7)), 5.60 (2H, d, (H8, HOH,=CH-). °C
NMR (500 MHz, ¢-DMSO, ppm):5 165.2 (C11 ) (>C=0); 160.5 (C5, -CH=N), 152.5 (C1)
149.9 (C6), 132.6 (C13), (GECH-), 131.1 (C4), 129.7 (C8), 129.6 (C3), 127.82}; 125.8
(C9), 121.3 (C7), 116.2 (C2) Anal. Calcd forgB:30,N: C, 76.49; H, 5.17; N, 5.57 %.
Found: C, 75.87; H, 5,14; N, 5.12 %.

2.1.3. Synthesis of (E)-4-((4-Chlor ophenylimino)methyl)phenol), 3

The procedure used for the synthesis of compadlvdas also used for the synthesis of
compound3. Therefore, compoun8 was synthesised by usipghydroxybenzaldehyde (1.22
g; 0.01 mol) and 4-chloroaniline (1.27 g; 0.01 mial)dry Toluene (35 mL) at pH 4-5 and
purified using ethanol/water. m.p.: 184-185 °C. lie82%. IR (cn1): 3236-3180 (OH),
1586, 1514 (-C=C-), 1598 (HC=N-), 1288, 1250 (C-0)09 (C-CI)H-NMR (500 MHz, @-
DMSO, ppm):8 10.18 (1H, s, ArOH), 8.45 (1H, s, N=CH, (H3)), §.2H, d, Aten(H2)),
7.43 (2H, d, Akniine (H5)), 7.23 (2H, d, Atuiine (H4)), 6.94 (2H, d, Afenz(H1)). °C NMR
(500 MHz, d-DMSO, ppm)s 161.3 (C1), 161.2 (C5, -CH=N), 151.2 (C6), 133), 129.9
(C3), 129.5 (C8), 127.7 (C4), 123.2 (C7), 116.4)(C2

2.1.4. Synthesis of (E)-4-((4-Chlorophenylimino)methyl)phenyl) acrylate, 4



The procedure used in the synthesis of compa2ingas also used in the synthesis of
compound4. Therefore, compound was synthesised using)(4-((4-Chlorophenylimino)
methyl) phenol)(3) (1.779 g; 8.26 mmol) and fresh metallic sodiur@q® mg; 8.26 mmol)
in dry THF (40 mL) and acryloyl chloride (0.688 n&.26 mmol) and the yellow product was
purified using THF-water. Yield: 79%, m.p: 144-1%5, IR (cm'): 1749 (-C=0), 1662, 1627
(-C=C-), 1597 (-HC=N-) 1337, 1202, 1164 (C-O), 10€>Cl). 'H-NMR (500 MHz, ¢-
DMSO, ppm):d 8.66 (1H, s, N=CH, (H3)), 8.01 (2H, d, &(H2)), 7.48 (2H, d, Adniiine
(HS5)), 7.35 (2H, d, Aden(H1)), 7.30 (2H, d, Adniine (H4)), 6.59 (1H, d, (H8)), 6.45 (1H, dd,
(H7)), 6.21 (1H, d, (H9)) (CkCH-). **C NMR (500 MHz, ¢-DMSO, ppm):8 164.3 (C11)
(>C=0), 160.9 (C5, -CH=N); 153.2 (C1), 150.5 (C634.5 (C4), 134.1 (C13), 130.8 (C9),
130.6 (C8), 129.6 (C3), 127.1 (C12), 123.3 (C7R.84C2) Anal. Calcd for GH1,0.NCI: C,
67.25; H, 4.20; N, 4.90 %. Found: C, 67.87; H, 410,14.38 %.

2.1.5. Synthesis of (E)-4-((4-Nitrophenylimino)methyl)phenol), 5

The procedure used in the synthesis of compolingdas also used in the synthesis of
compounds. Therefore, compoun8l was synthesised usimghydroxybenzaldehyde (1.22 g;
0.01 mol) and 4-nitroaniline (1.38 g; 0.01 mol)dry Toluene (35 mL) at pH 4-5 and was
purified using ethanol/water. m.p.: 182-183 °C. [¥ie83%. . IR (crl): 3356 (OH), 1628
(HC=N-), 1600, 1585 (-C=C-), 1468 (-N]»1282, 1181 (C-O)!H-NMR (500 MHz, @-
DMSO, ppm):6 10.60 (1H, s, ArOH), 9.77 (1H, s, N=CH, (H3)), 3.@H, d, Afniine (H5)),
7.73 (2H, d, Aken(H2)), 6.94 (2H, d, Afen(H1)), 6.69 (2H, d, Atniine (H4)), °C NMR (500
MHz, d-DMSO, ppm)3 163.8 (C1), 163.2 (C3, -CH=N), 156.1 (C6), 136-9®), 132.5 (C5),
128.9 (C4), 126.8 (C8), 116.3 (C7), 112.8 (C2).

2.1.6. Synthesis of (E)-4-((4-Nitrophenylimino)methyl)phenyl) acrylate, 6

The procedure used in the synthesis of compoRingas also used in the synthesis of

compound6. Therefore, compoun® was synthesised usindg)(4-((4-nitrophenylimino)



methyl) phenol)(5) (2.023 g; 8.27 mmol) and fresh metallic sodiur@Q:B mg; 8.27 mmol)
in dry THF (40 mL) and acryloyl chloride (0.699 m8&,;27 mmol) and the yellow product
purified using THF-water. Yield: 72%, m.p.: 114-1945, IR (cm'): 1744 (-C=0), 1693,1596
(-C=C-), 1627 (-HC=N-), 1468 (-N£) 1295, 1281 (C-0)*H-NMR (500 MHz, d-DMSO,
ppm): & 8.66 (1H, s, N=CH, (H3)), 8.03 (2H, d, #&(H2)), 7.93 (2H, d, Adenz(H1)), 7.41
(2H, d d, Apniine (H4)), 7.28 (2H, d, Atiine (H5)), 6.59 (1H, d, (H8)), 6.44 (1H, m, (H7)),
6.20 (1H, d, (H9)) (CkECH-). **C NMR (500 MHz, ¢DMSO, ppm): & 164.3 (C11)
(>C=0), 163.3 (C5, -CH=N), 156.2 (C6), 153.7 (C145.4 (C9), 134.7 (C13), 133.6 (C4),
131.6 (C3), 127.9 (C12), 126.9 (C8), 125.4 (C2R.4 (C2) Anal. Calcd for £H1,0:N2: C,
64.86; H, 4.05; N, 9.45 %. Found: C, 63.97; H, 31939.21 %.

2.1.7. Synthesis of (E)-4-((4-tolylimino)methyl)phenal), 7

The procedure used in the synthesis of compolingas also used in the synthesis of
compound?. Therefore, compound was synthesised usimghydroxybenzaldehyde (1.22 g;
0.01 mol) and 4-methylaniline (1.07 g; 0.01 mol)dry Toluene (35 mL) at pH 4-5 and
purified using ethanol/water. m.p.: 220-221 °C. [¥i#681. IR (cnt): 3291 (OH), 2919,
2861(-CH), 1605, 1574 (-C=C-), 1605 (HC=N-), 1284, 124121€-0).H-NMR (500
MHz, d-DMSO, ppm):5 10.18 (1H, s, ArOH), )), 8.46 (1H, s, N=CH, (H3)74 (2H, d,
Arpen(H2) , 7.17 (2H, d, Adniiine (H4)), 7.12 (2H, d, Adniiine (H5)), 6.92 (2H, d, Aknz(H1)),
2.37 (3H, s, -CHl (H6)). **C NMR (500 MHz, ¢-DMSO, ppm):5 160.9 (C1), 159.6 (CS5, -
CH=N), 149.8 (C6), 135.0 (C9), 130.9 (C3), 130.8)A28.1 (C4), 121.3 (C7), 116.1 (C2),

21.0 (C10), (-CH)

2.1.8. Synthesis of (E)-4-((4-Tolylimino)methyl)phenyl) acrylate, 8
The procedure used in the synthesis of compa2ingas also used in the synthesis of

compound 8. Therefore, compound 8 was synthesised using E){4-((4-



Tolylimino)methyl)phenol)(7) (1.7282 g; 8.19 mmol), fresh metallic sodium (IB&g; 8.19
mmol) in dry THF (40 mL) and acryloyl chloride (8% mL; 8.19 mmol) and the dark yellow
product was purified using THF-water. Yield: 86%,pm 170-171 °C, IR (cH): 2919, 2850
(-CHs), 1749 (-C=0), 1652, 1506 (-C=C-), 1599 (-HC=N2D2, 1164, 1138 (C-OJH-NMR
(500 MHz, ¢-DMSO, ppm):s 8.64 (1H, s, N=CH, (H3)), 7.98 (2H, d, &Ar(H2)), 7.34 (2H,
d, Arpenz(H1)), 7.21 (2H, d, Atmiine (H5)), 7.19 (2H, d, Afviine (H4)), 6.55 (1H, d, (H8)),
6.43 (1H, m, (H7)), 6.19 (1H, d, (H9)) (GECH-), 2.37 (3H, s, -CE(H6)). *C NMR (500
MHz, d-DMSO, ppm):s 164.4 (C11), 159.1 (C5, -CH=N), 155.2 (C1), 158%), 149.1
(C9), 135.9 (C13), 134.4 (C4), 130.3 (C8), 130.3)(C127.9 (C12), 122.7 (C7), 121.5 (C2),
21.1 (C10), (-CH) Anal. Calcd for G/H150,N: C, 76.98; H, 5.66; N, 5.28 %. Found: C,
76.25; H, 5.38; N, 5.13 %.

2.1.9. Synthesis of (E)-4-(4-hydroxybenzylideneimino) benzoic acid, 9

The procedure used in the synthesis of compolingdas also used in the synthesis of
compound9. Therefore, compounfl was synthesised usimghydroxybenzaldehyde (1.22 g;
0.01 mol) and 4-methylaniline (1.37 g; 0.01 mol)dry Toluene (35 mL) at pH 4-5 and
purified using ethanol/water. m.p.: 254-255 °C.I¥i®4%. IR (cn1): 3411-2352 (OH), 1679
(-COOH), 1611 (HC=N-), 1587, 1561, 1518 (-C=C-)7121232, 1160 (C-OJH-NMR (500
MHz, ds-DMSO, ppm):5 12.69 (1H, s, -COOH (H6)), 10.30 (1H, bs, ArOH}¥® (1H, s,
N=CH, (H3)), 7.96 (2H, d, Akiine (H5)), 7.78 (2H, d, Agenz(H2)), 7.25 (2H, d, Adniiine
(H4)), 6.93 (2H, d, Afenz(H1)). **C NMR (500 MHz, ¢-DMSO, ppm):5 167.6 (C10), (-
COOH), 161.9 (C1), 161.6 (C5, -CH=N), 156.4 (C6315 (C8), 131.1 (C3), 127.8 (C4),
127.7 (C9), 121.4 (C7), 116.2 (C2).

2.1.10. Synthesis of (E)-4-(4-hydroxybenzylideneimino) benzoic acid acrylate, 10

The procedure used in the synthesis of compa2ingas also used in the synthesis of

compoundl0. Therefore, compoundl0 was synthesised usin&)(4-(4-hydroxybenzylidene



imino) benzoic acid(9) (2.2273 g; 9.23 mmol), fresh metallic sodium (21&hg; 9.23 mmol)
in dry THF (40 mL) and acryloyl chloride (0.763 mRB;23 mmol) and the dark yellow
product was purified using THF-water. Yield: 64%p:n227-228 °C, IR (cif): 3339-2547 (-
COOH), 1739 (-C=0), 1673, 1600 (-HC=N-), 1543, 1%42=C-), 1266, 1205, 1163 (C-0O),
1673 (-COOH)!H-NMR (500 MHz, @¢-DMSO, ppm):8 12.74 (1H, s, -COOH (H6)), 8.64
(1H, s, N=CH, (H3)), 7.79 (2H, d, AhA(H2)), 7.21 (2H, d, Atmiine (H5)), 7.19 (2H, d,
Ar aniine (H4)), 6.94 (2H, d, Afenz(H1)), 6.55 (1H, d, (H8)), 6.43 (1H, m, (H7)), 6.U1H, d,
(H9)) (CH=CH-). **C NMR (500 MHz, ¢ DMSO, ppm):& 168.5 (C10), (-COOH), 166.9
(C11) (>C=0), 163.5 (C5, -CH=N), 143.0 (C6), 142), 132.0 (C13), 131.5 (C4), 130.4
(C3), 130.1 (C8), 128.4 (C9), 127.6 (C12), 118.67)(C118.3 (C2) Anal. Calcd for

C17H1304N: C, 69.15; H, 4.40; N, 4.74 %. Found: C, 68.924883; N, 3.92 %.

2.2. Electrochemical M easurements

The electrochemical measurements were carriechauthree-compartment Pyrex cell
with a separate compartment for the referencerelgetconnected to the main compartment
via a Luggin capillary. A saturated calomel elede#o(SCE) was used as the reference
electrode and a platinum sheet as the counteretkctThe working electrode employed was
prepared using ST 304 steel (X5CrNil18-10). The waylelectrode was in the form of a rod
prepared in a cylindrical form and embedded in gp@sin leaving an open surface area of

0.6 cnf.

The working electrode was mechanically polishedhgisi200 grit emery paper,
washed with double distilled water, and then plaicethe test solution. The electrochemical
measurements were conducted after 30 minutes inonetisne in an experimental solution

that ensure a dependable corrosion potential aydtam in equilibrium.



10

The potentiodynamic experiments were carried ot stan rate of 2 mV sand the
cyclic voltammograms were recorded at a scan r@tm% s*in between -1.7 V and -0.5 V

potential.

First, the solutions of Schiff bases synthesisedN@mOH of 0.10 M with the
concentrations of 10, 25, 50 and 100 ppm were peepaThen all electrochemical
measurements were performed at room temperatuusibyg Ivium Compactstat (Eindhoven,
Netherlands) potentiostat/galvanostat. The measmenwere run in each solution using ST
304 steel (X5CrNil18-10) as a working electrode)aipum plate as a counter electrode, and
a calomel electrode as a reference. Cyclic voltatnynmeeasurements were performed at a 50
mV/s scan rate and 10 mV data capture frequendii@nrange of -1.7 V /-0.5 V potential
values. The linear sweep measurements were perorméhe same conditions and Tafel
polarisation transformations were calculated. A, laycles of cyclic voltammograms and
Tafel polarisation curves were collected in the sgraph for each Schiff base for different
concentrations of solutions for better comparison.

3. Resultsand Discussion
3.1. Spectral Analyses of Compounds

In the FT-IR spectra of the Schiff bases obtaineg the reaction ofp-
hydroxybenzaldehyde with aniline derivatives, tharbonyl stretching peak ofp-
hydroxybenzaldehyde at 1663 ¢rhave disappeared and new peaks at 1628-1598acm
1627-1597 cnt have appeared which are attributed to imine grdupcbiff bases and their
acryloyl derivatives respectively. The stretchinmgguencies of the -OH groups of Schiff
bases with the compound numberslp8, and7 were observed at ca. 3391-3121cdue to
the strong intramolecular hydrogen bonding [18-20je stretching frequencies of the -OH
groups of compoun®& were observed as a narrow peak at 3356 éon those with non-

intramolecular hydrogen bonding. For compouhadhe stretching frequencies of the -OH
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groups were observed at 3414-2352'ams very broad peaks, due to the carboxyl groups

which were observed in the same region. The middtesharp absorptions at about 3180 cm
in the IR spectra of Schiff bases are attributethe vibration of the —NH groups [21]22

The -OH group peak in the acryloyl derivative ohBicbhases (compoung, 4, 6, and8) was
not observed as expected, due to the esterificatiadhe hydroxyl group with the acryloyl
chloride. For compoundO, the stretching frequencies of the -OH groups varserved at
3339-2547 crifas very broad peaks due to the carboxyl groups.athgoyl derivatives of
Schiff bases, characteristic stretching peak ofcmbonyl groups of the acryloyl moiety was
observed as a very strong singlet absorption aB-1789 cnt [23-24]. For the Schiff bases
and their acryloyl derivatives, the strong band wetermined in the 1628-1597 ¢rand was
assigned to the stretching of imine groups. Thekpeas shifted slightly towards the lower
frequencies in the acryloyl derivatives [5, 25].eTdéther stretching bands appeared at 1693-
1506 cm® and 1337-1202 crh) 1241-1157 cntin the spectrum of the compounds are
attributed to ethenyl (C##CH-) and aromatic —C=C-; -C(0O)-O- and Ar-O, respety, as
given in Section 2. In the IR spectra of SchiffémsAr-O stretching peaks were determined
in the same region by means of the —C(O)-O- stiegcpeak of acryloyl derivatives of Schiff
bases.The IR spectrum of the Schiff ba8&ontaining an acryloyl group was shown in Figure

2 as a typical example.

3.2. UV-Vis Spectral Analysis of the Compounds

The characteristic UV-Vis absorption bands of tlmmpoundsl1l-10 were analysed and

investigated in different solvents like absolutkagtol, chloroform, and DMF, depending on
their solubility. Moreover, same analyses were @lsdormed in DMF at pH=12 and pH=2.
The UV-Vis absorption bands related to the compsuntld are given in Table 1. The bands

observed in the range of 250 to 300 nm were asdigméhe B-bands of benzene which were
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common in all Schiff bases. The band at 380 nm agagyned to n 1t transitions related to
azomethine chromophore (-CH=N) [2, 19]. In UV-Vgestra of the Schiff bases and their
derivatives in EtOH, the absorption maxima at 228-Bm with a high extinction coefficient
is attributed to them— 1*. Furthermore UV-Vis spectra of the Schiff basewd aheir
derivatives in EtOH, the absorption maxima at 333-Bm with a low extinction coefficient
are attributed to the-att*. In addition, in EtOH all acryloyl derivative2,4, 6, 8) except9,

the bands oft- 1 transitions were determined in hypochromic shdtsabout 3-32 nm as
compared to the related Schiff basés3, 5 and7) due to electron-withdrawing effect of
acryloyl groups. In DMF, it was observed that 1 and n- 1t* transitions of the Schiff
bases and their acryloyl derivatives10) show bathochromic shifts as compared to their
peaks in chloroform. These bathochromic shifts i@y consequence of the higher polarity
of DMF than that of chloroform as reported in titerbture [2]. While in DMF at pH=2 the
Schiff bases and their acryloyl derivatives appasraving an absorption maxima similar
with that of DMF as seen in Table 2. Absorption ma of all the compounds at pH=12
show bathochromic shifts about 19-189 nm as condp@ar¢hat in DMF. However, at pH=12,
the absorption bands indicates that aqueous soljulroxide does not hydrolyse the Schiff
bases containing acryloyl groups.

The absorption maxima.fax,) for the compound4-10 were observed in ethanol at
288-320 nm and 332-373 nm, in chloroform at 292-86dand 308-349 nm, in DMF at 289-
321 nm and 321-383 nm, at pH=2 287-292 nm and4n&3 and at pH=12 288-317 nm and
336-503 nm. In these results, Schiff bases andr theiyloyl derivatives appearing as
absorption maxima with a high extinction coeffidieme attributed to the- o and n- 1t*.
The UV-Vis spectrum of the compouBctan be seen in Figure 3.

3.3. NMR Spectral Analyses of the Compounds
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The'H-NMR chemical shift values of the Schiff bases &meir acryloyl derivatives
recorded in ¢DMSO are given in Table 2. Th&H-NMR spectrum of the Schiff basg
containing an acryloyl group is shown in Figuresdaaypical example. It was observed in the
'H-NMR Spectra of Schiff base4, (3, 5, 7, 9) that the hydroxyl protons resonated at 10.18-
10.60 ppm due to strong intramolecular hydrogendbom\fter esterification reaction, the
hydroxyl peak was not detected due to the lackyafdxyl groups as expected (see Table 2
and Figure 4). A sharp singlet is observed withia 9.77-8.44 ppm region of the spectrum,
which corresponds to the azomethine (CH=N) protons remarkable that the downfield
chemical shift (compoun8l H3= 9.77 ppm) corresponds to the azomethine protdhe p-
NO, derivative b), having has the highest electron affinity. Afesterification of the Schiff
bases %, 4, 8, 10) exceptp-NO; derivative, protons of imine group shifted dowrdielue to
the electronic attractive effect of the acryloybgp. Thus, it can be concluded that the
position of the azomethine proton is strongly a#ecby the electronegative character of the
substituents on the phenyl ring as reported inliteeature [26-27]. The peaks at 6.69- 8.28
ppm are attributed to aniline protons, and the peak 6.91-8.03 ppm are attributed
benzaldehyde protons. For acryloyl derivatives, nghegroups’ protons were shifted to
downfield as compared to those of Schiff basesogn@s. The resonance peaks of ethenyl
hydrogen atoms in acryloyl groups of the compou2d® were identified as three different
groups (H7, H8, H9) at 5.60-6.59 ppm in good age@nwith the literature [28-30]. The
peaks of the H7 iZ configuration with respect to the carbonyl groopan acryloyl moiety
were observed at 6.30-6.45 ppm as doublets andphetdt On the other hand, the peaks of
the H9 inE configuration with respect to the carbonyl grouprevseen at 5.60-6.21 ppm as
doublets. For the H8, the related peaks were résdrat 6.47-6.59 ppm. In addition, the
binding of acryloyl groups was confirmed by thepid&ement and disappearance of the

hydroxyl signals.
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The **C-NMR chemical shift values of the compourid$0 are summarised in Table
3. The spectrum of compourflis given in Figure 5. In thé’C-NMR spectrum of the
compound, it is clearly seen that the acryloyl group wascassfully attached to the oxygen
of the hydroxyl group, the presence of >C=0 grougna at 164.40 ppm prove this
phenomenon, which is in good agreement with therditre value [23-24]. The peaks
appearing at 127.93 ppm and 134.47 ppm in the igpetthe compoun8 are attributed to
=CH- and =CH fragments of the C}CH- group, respectively, as expected. These valtes
in accordance with the literature [23-24]. The iengroup peak (-CH=N), represented by C5
in Figure 5, was observed at 159.11 ppm. In thenatw region, the peaks at 155.24, 134.43,
130.17, and 121.46 ppm are attributed to benzatteelvarbon atoms C1, C4, C3 and C2,
respectively. The up field peaks at 152.83, 1491BD.30, and 122.71 ppm correspond to the
aniline group of the carbon atoms C6, C9, C8, €3pectively. The peak appearing at 21.05
ppm in the spectrum of the compouBds attributed to the Ar-Cigroup. In the"*C-NMR
spectra of all acryloyl derivatives, C1 atoms bahde the acryloyl groups were shifted
upfield and C4 atoms were shifted downfield com@acetheir Schiff bases analogues due to
the lack of hydroxyl group. There is no significattference between aniline carbon atoms
peak shifts of Schiff bases and their acryloyl dsiives.
3.4 Mass Spectral Studies

The fragmentation pattern of the acryloyl derivat@) is taken as a general scheme
showing the main fragmentation paths involved (Fég6). The mass spectral pattern of
compound6é shows a molecular ion peak (m/z 296.11) whicligood agreement with the
molecular weight of the compound 296.24 g/mol. pNGQH,-N=CH-CsH4(OH,)"] ion gives
the characteristic peak of m/z 242.09 through s lof CHCHCO- fragment. The loss of
the [-O-GH4-CH]" fragment gives the strong peak at m/z 151.03 (29%g peak observed at

m/z 105 results from the elimination of the nitrogp from the phenyl group.
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The EI-MS of the acryloyl derivative8Y shows all the expected prominent peaks in
good agreement with previously proposed fragmeorigbaths for compoun@. In Figure 7,
the molecular ion peak appeared at m/z 265.04 (2i8%¢he molecular weight of the
compound8, as 266.16 g/mol. The loss of an acryloyl group {CHCO") gives a strong
peak at m/z 211.12 (100%). The loss of CH=N and s-ftdtyments from the Schiff bases is
confirmed by the fragment at M-42 (m/z 120.06, 47¥)e peak at m/z 91.05 {8s-CH,)" is
attributed to a tropylium cation.
3.5 Polarisation measur ements

Figure 8 represents potentiodynamic polarisationesufor a steel rod in a 0.1 M NaOH

solution in the absence and presence of variouserdrations of compounds. As can be seen,
anodic reactions of steel are not inhibited inghesence of the inhibitor molecules. Thus, the
addition of these inhibitor molecules does not oedilhe mild steel dissolution reaction. Table
4 shows the electrochemical corrosion parametershascorrosion potential (k) and
corrosion rate obtained by extrapolation of theelhes. Values of current corrosion density
icorr Value were increased by the addition of the comdoin 0.1 M NaOH. Corrosion
potential (Eor) shifted to negative potentials.
3.6. Corrosion Protection Analysis of Acrylates

Acrylates of compounds synthesised were testethéoprotection corrosion in 0.10 M
NaOH for different concentrations of inhibitors.l&#ed concentrations were 10, 25, 50 and
100 ppm as compared to inhibitor-free solutiongp®. Corrosion protection, in the other
word, working electrode surface passivation was itooed with the cycle voltammograms
(CV) for the inhibitor, and in the same concentmatiThe first cycles of CV diagrams for
each inhibitor, in each concentration, are giverFigure 8. Frequently, reduction curves
(bottom left of CV) are not used for the comparisbieorrosion protection, because reduction

peaks can be the result of the decomposition ahlaiitor. This is why the anodic side of
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curves was zoomed out for better comparison. Itfeasd that increased concentration of all
inhibitors causes current resistance at the sartentia. Moreover, at the negative current,
much more reduction was observed than that in ¢gwilaeactions; this means that solved
inhibitor molecules were started to decompose. Gamg 4 shows the difference in terms of
peak point’s order in the increased concentratiantobitors at the same potential.

Linear sweep measurements and related Tafel paliamstransformation diagrams are
given in Figure 9. According to the diagrams, anduafies have different slopes representing
different corrosion rates. The anodic and cathdides were used to calculate corrosion rate
in mm/year according to Tafel transformations froafel diagrams.

Model diagram fit model process was also used lmitzte the corrosion rate and also
for the comparison with Tafel data. Different caiom rate calculation methods are
represented in Figure 10, and other corrosion ratesgiven in Table 4. Tafel anodic and
cathodic lines selected manually while the inteiisagooint in the corrosion potential line for
more accurate corrosion rate calculations. On therdhand, a fit model calculates corrosion
rate automatically for the model polarisation curve

It is found that the Tafel and model data corrosiates and potential calculation
results are all in a good correlation with eacheathis is why only Tafel data is given in
Table 4. It is clear in Table 4 that these compasuhal not work as an inhibitor in basic media
for compoundlO. The corrosion rates of working electrodes in dasedia for 25, 50 and 100
ppm for compoundlO are smaller than the rates in inhibitor-free Na®élution. The
convenient compound is the compound 10 and theetration was 25 ppm in NaOH
solution of 0.1 M for corrosion protection of th@mking electrode, X5CrNi18-10 steel.

Compound6 was added at the concentrations of 10, 25, 50 18 ppm to the
solution of HSO, (0.10 M) to investigate corrosion inhibition abjiliof compounds in acidic

media. Interestingly, acrylate compounds have thityato inhibit the corrosion of working
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electrodes in acidic solutions. According to Figarg slopes of anodic lines in acidic media
increases with the increasing concentration of acmmg 6. In other words, compound 6 is
able to protect ST 304 steel against corrosioncidi@ media but not in basic media. The
order of protection, in other words, the corrosiate is not linear with increasing amount of
inhibitor. The deviation could be explained witle imteractions between inhibitor molecules
and the working electrode. The electrode surfaaddcbe blocked against current density
only at the optimum concentration of inhibitors. ditbnally, a situation in which optimum
concentration is low or high could be explored gsmolecular simulation calculations. In
future works, we will investigate the inhibition ibly of acrylates in NaCl and (50O, in
solutions with different concentrations. Moreovéne inhibition mechanism of acrylate

compounds will be explored.

4. Conclusion

In this study Schiff bases containing the acryloybiety have been synthesised
through a reaction between Schiff bases and adrydbioride at 1:1 molar ratio. The
structures of these compounds have been characteria IR, UV-vis,"H-NMR, 2*C-NMR,
and mass spectroscopy techniques. In the IR spefcthe acryloyl derivatives, characteristic
stretching peaks of the carbonyl groups of thelagtynoiety were observed as a very strong
singlet absorption band at 1773-1739crithe stretching frequencies of the -OH groups of
Schiff base compounds observed at ca. 3391-312% were attributed to hydroxyl groups
with hydrogen bonding. After esterification, thedngxyl peaks were not observed as
expected. In UV-vis spectra, absorption maxima withigh extinction coefficient of Schiff
bases and their acryloyl derivatives were attridutether— 1 and n- 1%, respectivelyH-
NMR spectra of the compounds in DMSO has showedtagpssinglet peak within the 9.77—

8.44 ppm region, corresponding to the azomethind=(0 proton. The mass spectra of the
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compound6 and 8 show a molecular ion peak m/z 296.11 and m/z Ze5.@spectively,
which are in good agreement with the molecular Wegf the compounds. In inhibitory
studies, it was found that synthesised Schiff basesaining acryloyl moiety as inhibitors in
0.10 M NaOH do not work for the protection of staghinst corrosion, but they have great
potential in acidic media. The addition of compoéndto the solution of K50, (10 M) gave
resistance ability to a working electrode agaimstasion between 10 and 50% as compared
to inhibitor-free media.

To best of our knowledge, this report is the fasample the use of Schotten-Baumann
reaction for the modification of Schiff Bases conitag acryloyl moiety. This new Schiff
bases containing acryloyl moiety have potentialliappons in electrochemical technologies
especially, electrocatalytic, electrochromic, aledensing, and data storage applications.
Likewise, the investigation of corrosion efficieesiof these new Schiff bases in acidic media
is currently underway.
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TABLES

Table 1. The UV-VIS data of related compountid0

Wavelength fmax (nm)][log: (L/mol.cm)]

Compounds—=Har—F5 DMF pH1-2 pH12
(DMF)  (DMF)
1 293 (4.38) 307 (4.30) 293 (4.25) 292 (4.32) 302 (3.94)
311°(4.34) 328 (3.26) 347 (4.47)
377 (2.96)
2 207 (4.16) 289 (3.46) 294 (4.20) 291 (4.29) 311 (4.00)
308 (4.14) 326° (3.68) 378 (4.31)
3 297 (4.38) 295’(4.29) 301°(4.48) 290 (4.40) 306(4.11)
319 (4.34) 321 (4.52) 348 (4.56)
385°(4.11)
4 304 (3.27) 290 (4.13) 314 (3.08) 289 (3.56) 299 (4.11)
331°3.16) 332 (3.58) 336 (3.96)
408 (3.47)
503 (3.56)
5 203 (4.15) 291 (4.16) 293 (4.41) 291 (4.55) 309 (4.18)
349 (4.44) 370 (4.07) 383 (4.30) 384 (4.26) 348 (4.86)
38%(4.27)
6 345 (4.47)  288(3.95) 383 (4.52) 287 (4.25) 351 (4.55)
373 (4.31) 384 (4.47) 460 (4.05)
489 (3.85)
7 203 (4.45) 312 (4.14) 293 (4.19) 291 (4.28) 303 (3.88)
322 (4.45) 320 (4.40) 339 (3.55) 351 (4.36)
377 (4.22)
8 292 (3.89) 288 (3.46) 289 (3.36) 288 (4.00) 288 (4.13)
322 (3.87) 317(4.03)
375 (4.14)
452 (3.41)
9 297°(3.63) 290 (4.52) 296 (4.57) 291 (4.50) 291 (4.62)
326 (3.72) 335(4.13)
10 204 (3.42) 292 (4.38) 293 (451) 292 (457) 290 (4.47)
297 (4.33) 346 (4.69)




Table2 'H-NMR data of the related compounds
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1 2 i 5 1 2
R=H (1), CI (3), NO; (5), CHs (7), COOH(9) 40
R=H (2), Cl (4), NO (6), CHsz (8), COOH (10)
 -OH RGroup Benzaldeyhe ~  AnilinePhenyl ~ N=CH Acryloyl Group
Phenyl Group Group
Compound ... ...
H6 H2 H1 H5 H4 H3 H7 H8 H9
1 10.19 (s) 8.44 (s) 7.79(d)  6.94(d)7.37(t) 7.21(d)  7.21(d)
2 8.44 (s) 778 (d) 6.91(d)7.38(d) 7.20(d)  7.19(t) 6.30 (d) 6.53 (d) 5.6D (
3 10.18 (s) 8.45 (s) 7.76 (d)  6.94(d)7.43(d)  7.23(d)
4 8.66 (s) 8.01(d) 7.35(d)7.48(d)  7.30(d) - 6.45 (d,d) 6.59 (d) 6.21 (d)
10.60 (s) 9.77 (s) 7.73(d)  6.94(d)7.93(d)  6.69 (d)
6 - 8.66 (s) 8.03(d)  7.93(d)8.28(d) 7.41(d,d) - 6.44 (m) 6.59 (d) 6.20 (d)
7 10.18(s) 8.46 (s) 7.74(d)  6.92(d)7.12(d)  7.17 (d) 2.37(s)
8 - 8.64 (s) 7.98(d)  7.34(d)7.21(d) 7.19(d)  2.31(s) 6.43 (m) 6.55 (d) 6.dp (
9 10.30(bs) 8.43 (s) 778 (d)  6.93(dy.96(d) 7.25(d)  12.69(bs)
10 7.79(d)  6.94(d) 7.90(d) 7.75(d) 12.74(s) 6.32 (d) 6.47 (m) 5.82 (d)

8.44 (s)




Table 3. *C-NMR data of the related compounds

=
N
poksd

2 3
/ u 1 5 7 8
13 O 4\ ] 10

>C=0 -CH= Benzaldehyde Phenyl Group Aniline Phenyl Group Acryloyl Group
Compound ;5 CiL C4 C3 C2 c6 C9 C8 C7 C13 CI2
1 - 160.42 161.15 128.00 131.18 116.15 152.47 125.229.96 121.34 o -
2 1652 16052 15246 131.14 129.60 116.18 149.90 7125 129.69 121.33  132.60  127.77
3 - 161.21 161.31 127.74 129.98 116.14 151.22 131.329.50 123.16 - -
4 164.34 160.91 153.15 134.48 129.60 122.78 150.540.773 130.55 123.34 134.10 127.12
5 ; 16322 163.78 128.87 13253 112.83 156.11 136.186.83 116.28 i .
6 164.34 163.26 153.65 133.64 131.64 122.38 156.155.424 126.85 125.44 134.56 127.87
7 - 159.57 160.93 128.08 130.99 116.07 149.79 135.@30.09 121.26 - -
8 164.40 159.11 155.24 134.43 130.17 121.46 152.835.943 130.30 122.71 135.91 127.93
9 - 161.56 161.86 127.81 131.09 116.21 156.42 127.68381.55 121.36 - -
10  166.90 16348 142.90 13151 130.38 118.32 143.008.362 130.09 118.61  132.03  127.60

R

C10

21.02
21.05
167.61
168.48




Table 4. Corrosion potentials and rates of working elearod0.10 M NaOH with

each concentration of compounds

Compound 2 2 2 2 4 4 4 4
Concentration 10 25 50 100 10 25 50 100
Ecorr. (V) -1,17 -1,075 -1,143  -1,205 -1,152 -1,13 -1,099 411
Corr. R (mmly) 0,425 0,165 0,186 0,26 0,538 0,159 0,104 0,148
Compound 6 6 6 6 8 8 8 8
Concentration 10 25 50 100 10 25 50 100
Ecorr. (V) -1,12 -1,122 -1,056  -1,184 -1,049 -1,09 -1,082 711
Corr. R (mmly) 0,194 0,195 0,129 0,194 0,146 0,167 0,097 0,143
Compound 10 10 10 10 -

Concentration 10 25 50 100 0

Ecorr. (V) -1,19 -1,182 -1,138  -1,223  -11,25

Corr. R (mmly) 0,187 0,012 0,028 0,019 0,123
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Figure 1. Synthesis of Schiff bases and their acryloyl derivatives
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Figure 2. The IR spectrum for (E)-4-((4-Tolylimino)methyl)phenyl) acrylate, (8)
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Figure 3. The UV-Vis spectrum for Synthesis of (E)-4-((4-Nitrophenyl-
imino)methyl)phenyl) acrylate (6), in CHCl;, EtOH, DMF, DMF (pH=1), DMF

(pH=12) 1.0x10"> M
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Figure 4. *H-NMR spectrum of the (E)-4-((4-Tolylimino)methyl)phenyl) acrylate, 8
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Figure 5. *C-NMR spectrum of the (E)-4-((4-Tolylimino)methyl)phenyl) acrylate, 8
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Figure 6. The mass spectrum and fragmentation pattern of (E)-4-((4-

Nitrophenylimino)-methyl)phenyl) acrylate (6)
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Figure 7. The mass spectrum and fragmentation pattern of (E)-4-((4-

Tolylimino)methyl)phenyl) acrylate (8)
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(a) Corrosion rate analysis (b) Corrosion rate analysis
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Figure 10. Corrosion rate calculation diagrams of 100 ppm compound 2, (a); Tafel

polarization technique and (b); fit model technique.



Highlights

Novel schiff bases containing acryloyl moeity were synthesized.

Structural characterizations were performed by IR, UV-Vis, and NMR spectroscopy.

The inhibition efficiencies of these novel Schiff bases were investigated by cyclic
voltammetry and Tafel extrapolation methods.

These compunds may have significance in synthesising novel organic materials.



