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Abstract- Allylpulegols (2-4) and epoxy-allylpulegolg5-7) are synthesised from R-(+)pulegone, the major
compound of Mentha pulegium oil. The compoun2ig) are tested as corrosion inhibitors of steel in Bl using
weight loss measurements. The addition of allylgole decreases weakly the corrosion rate, butenptesence of
epoxy-allylpulegols the corrosiveness of acid idueed. Epoxy-allylpulegols tested adsorb on thelsserface
according to Langmuir isotherm. The negative valwdsfree enthalpy indicate that these compounds act
spontaneously on the metal surface. The highebitibin efficiency (79 %) is obtained f&rat 0.8 g/L at one hour of
immersion. The corrosion rate decreases with risteemperature in the presence and absence of targbiThe
corresponding efficiency decreases with the temperaThe corresponding activation energies arerdehed.
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1. Introduction

The toxic effect of most synthetic organic compaind as corrosion inhibitors reoriented researcteefsnd new
alternative of naturally occurring, environmentaitiendly, inexpensive, readily available and reable sources of
materials. Plant extracts and oils as well as aattsmpounds become more and more environmentetlgpaable.
The use of natural substances will establish bbth économic and environmental goals. Plant extraots oils
constitute a rich source of naturally synthesizeengsical compounds that can be extracted and painfieh low cost.
Plant extract was found to reduce the corrosiost@él more effectively in acidic media525]. Inhibition of metals
may be occurred by natural compounds such as amidgyaaminoesters, peptides and their derivatigekl]. Many
researchers examined various naturally occurrifgstamces as corrosion inhibitors for different rseta various
environments, we cite honey, henna, Opuntia, Guen G.awsonia, ananas, bauhinia purpurgdl1-16}

Detailed analysis of essential oils compositionvehahat they contain remarkable amounts of orgapimpounds
containing p-menthene carbon skeleton. On the dihad, it has been shown that the widespread amwerof p-
menthane system in many classes of natural prodaats made them valuable building block for thetlsgsis of
various biologically organic target molecu[@3]. We previously reported that pure compounds is$uged medicinal
and aromatic plants have been found to be vergieffi corrosion inhibitors for steel in acid megi8-23]. Thus,
Synthesis of various p-menthane derivatives wagnsitely studied with the goal to obtain biologigahctive
compounds. p-menth-4(8)-en-3-och¢pulegone) have become the key starting naturapoaind for the synthesis of a
number of substances exhibiting various kinds ofdgically activity[24]. Pulegone, a monoterpene ketone, occurs in
nature and is widely present in high concentratiartbe essential oil of mentha pulegifigb] and other essential oils
[26].
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The goal of the present study was to synthesi®thllglpulegols and their corresponding epoxy-alljégols and to
test by gravimetric method, the effect of p-menthdarivatives (allylpulegol3-4 and epoxy-allylpulegol5-8 on the
corrosion of steel in 1M HGolution. Effect of temperature from 308 to 338skalso studied.

2. Experimental

2.1. Synthesis of inhibitors

Infrared (IR) spectra were recorded on Schimatzd7B.'H NMR spectra were determined on a Briiker AC25® (25
MHz) spectrometer with M&i as the internal standardC NMR spectra of CDGlsolution were recorded on Briiker
AC250 (60 MHz).

Infrared (IR) spectra were recorded on Schimatz4TB.*H NMR spectra were determined on a varian XL 20@D(2
MHz) spectrometer*C NMR spectra of CDGlsolution were recorded on Varian XL 200 (50.309 ikith Me,Si

as the internal standard. Melting points are uremted and were obtained on a capillary apparatus.

General procedure for epoxidation of allylpuleggig.
Allylpulegols 2-4 were prepared by condensation of allylic magnesihioride on pulegone according to the method

described in literature [27].
\ ﬁ
/ R-(+)-Pulegone

Scheme 1: From Mentha Pulegium to Pulegone devasti

Mentha Pulegium

Epoxy-allylpulegols ©

Dichloromethane solution of m-chloroperbenzoic a@@mmol in 20ml of CHCl,) was added to a solution of
allylpulegol (15mmol in 10ml of CkCl,) in dichloromethane at room temperature. The r@achixture was steered
for four hours and then filtered. The solution weashed successively with 10% JI&s;, 5% NaSQ, and saturated
NaCl solution and dried. The solvent was removed @@sidual oil was chromatographed on silica gela@ n-
hexane).

% 3-(2,3-epoxypropan-3-yl)-p-mentnan-3-@, C,3H,,0,):

Yield 75%.*H NMR (CDCk): & = 5,88 (1H, m), 5,06 (2H, m), 1,63 (3H, s), 1,3Bi(s), 1,20-2,30 (10H, m), 0,88
(38H, d, J = 5,5 Hz)**C NMR (CDCk): & = 133,6 (d), 117,4 (), 72,8 (s), 66,7 (q), 638 @7,6 (1), 39,7 (t), 31,7 (t),
29,4 (d), 28,2 (1), 23,6 (q), 22,0 (q), 21,7 (d;(KBr): v 3440; 3080; 1635; 1040; 910; 870tm

s 3-(2,3-epoxy-1-methylpropan-1-yl)-p-menthan-3@&l C;4H,40,):

Yield 75%."H NMR (CDCk): & = 5,92 (1H, m), 5,01 (2H, m), 1,63 (3H, s), 1,288(15H, m), 0,88 (3H, d, J = 5,5
Hz); **C NMR (CDCL): & = 140,2 (d), 115,1 (1), 75,3 (S), 69,3 (s), 659 47,3 (t), 41,4 (d), 31,4 (1), 28,8 (d), 27) (t
23,9 (9), 22,9 (9), 21,9 (g), 15,4 (q); IR (KBr)= 3480, 3080, 1635, 1035, 960, 890°tm
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% 3-(2,3-epoxy-2-methylpropan-1-yl)-p-menthan-3-gl €;4H,40,)
Yield 75%."H NMR (CDCL): & = 4,76 (2H, m), 1,70 (3H, s), 1,25-2,30 (10H, )53 (3H, s), 1,20 (3H, s), 0,83 (3H,
d, J = 5 Hz); IR (KBr)y = 3480, 3080, 1635, 1035, 960, 890cm

2.2. Gravimetric method

Steel samples (0.21% C, 0.38% Si, 0.09% P, 0.0190.86% Mn, 0.05% S) are used. The aggressiveignl({@M

HCI) is prepared by dilution of Analytical Grade%8HCI with double distilled water.

Weight loss is measured on sheets of steel of eppaurface area of 5éniThese sheets are abraded successively
with fine emery paper until 1200 grade. The sheetsthen rinsed with distilled water, degreased dneld before
being weighed and immersed in 60 ml of the cormshedium. The immersion time for the weight los6 tsours at
room temperature 298 K in air without bubbling irdauble walled glass cell equipped with a therntestaling
condenser. Each value is the mean of triplicatee&pces.

The percent inhibition, E% for the weight loss nuethis calculated as follows:

Ew % = Weorr — Wcorr(inh) %100 (1)
corr
Weorr and Worrinny @re the corrosion rates of steel samples withodtveith inhibitor, respectively.

3. Results and discussion

3.1. Synthesis of epoxy-allylpulegols 5-7

The treatments of allylpulego&4 with m-chloroperbenzoic acid in dichloromethaneegiegio and stereoselectivelly
epoxy-allylpulegols5-7 in good yields. Allylpulegol2-4 were obtained stereospecifically by the condeosatif
allylic Grignard reagents on pulegdidé] (scheme 2).

R, R
2
Rl /E Rl
l Etzo MCPBA
\_< o 0°C N\ CHCI
MgCl o 2 OHO
2'R1:R2:H 5:R1:R2:H
3:R=CH,,R,=H 6:R=CH,R=H
4:R=H, R=CH; 7:R=H, R=CH,
Scheme 2

The regio and stereoselectivite epoxidation oflalliegols are not induced by the hydroxyl groupe thtility of
hydroxyl group directed epoxidation has been demnatexi in a number of cyclic allylic alcohols. lag suggested
that a hydrogen bond formed between the hydroxyligrand peracid leads to delivery the reagentdddbe of the
double bond syn to hydroxyl gro{#8]. However, epoxidation of allylic alcohols hagi exocyclic double bond is not
stereoselective. Indeed, the hydroxyl group ofpeikegol does not significantly direct the approa€tperacid as in
case of a large number of allylic alcohols reportedthe literature [29]. The stereoselectivity epation of
allylpulegols is due to steric hindrance: the axdllylic moieties group opposes the approach ofagdr to
allylpulegols tetra-substituted double bond.

The regioselectivity of peracid on the tetra-subtd double bond of allylpulegolg-4 is determined by a
combination of infrared spectrdd NMR and**C NMR analyses of corresponding epoxy-allylpuledsid The IR
spectra contain a narrow band due to the vinylmgrs of allylic moieties (C=CHnear 3080 cf) and a band
assigned to the double bond C=C near 1635.&he’HNMR spectrum of each product shows that the nmskié to
the protons of the allylic moieties remain unalteda In the™>CNMR spectrum, we noted the absence of the signals
attributed to two spcarbons of the tetrasubtituted double bond. Howete signals of both carbons of allylic double
bond remained unaltered. This is mainly due totedei factors; allylic double bond is mono or distituted. It is
well known that the peracid strongly discriminaite$avour of more highly alkylated olefins.
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3.2. Gravimetric results

The effect of three allylpulego®4 compoundson thecorrosion rates of steel were determined in aerad¢dHCI
solution at various concentrations for 6 hours @ K. The corrosion rate values and the correspniihibition
efficiency are summarised in Table 1. A slight @ase in corrosion rate reveals that the testelpalbgols exhibits a
limited inhibitive effect on the corrosion of steelacid solution. The higher E% observed is 60ab@ 51% at 0.8 g/l
for compound2, 3 and4, respectively (Take in Table 1).

Table 1: Influence of allylpulego(8-4) concentration of on the steel corrosion in 1M HOS &ours.

Compounds 2-4 C (g/l) W (mg/cm?h) E %
Blank 0.00 0.4524 -
0.20 0.3302 27

Allylpulegol 2 0.35 0.2985 34
0.50 0.2488 45

0.80 0.1811 60

0.20 0.3393 25

Allylpulegol 3 0.35 0.3076 32
0.50 0.2669 41

0.80 0.2171 52

0.20 0.3438 24

Allylpulegol 4 0.35 0.3122 31
0.50 0.2624 42

0.80 0.2217 51

This result has incited us to ameliorate the edficy by transforming of allylpulegols compoundsheir corresponding
epoxidesb, 6 and7. The change in the molecular structure induce@a@edse in the corrosion rate of steel. The best
action is observed with 3-(2,3-epoxypropan-1-ybapntnan-3-o0b which leads to 75% at 0.8 g/l (Take in Table 2).

Table 2: Influence of epoxy-allylpulegdls-7) concentration of inhibitor on the steel corrosioriM HCI at 6 hours.

Compounds 5-7 C (g/l) W (mg/cm?h) E %
Blank 0.00 0.4524 -
0.20 0.2940 35
0.35 0.2352 48
Epoxy-allylpulegol5 0.50 0.1809 60
0.65 0.1448 68
0.80 0.1131 75
0.20 0.3032 33
0.35 0.2488 45
Epoxy-allypulegolé 0.50 0.2036 55
0.65 0.1719 62
0.80 0.1357 70
0.20 0.3167 30
0.35 0.2533 44
Epoxy-allylpulegol7 0.50 0.2171 52
0.65 0.1855 59
0.80 0.1493 67

The corrosion rate of steel with temperature wadist in molar HCI both in the absence and presehihibitor at a
maximal concentration (0.8 g/i) the temperature ran@®3-328 Kusing weight loss measuremerits corresponding
results are summarised in Table 3.
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The corrosion rate is more increased with theafsemperature for uninhibited acid solution. Thiegence of inhibitor
leads to decrease of the corrosion rate. The itanibiaction of inhibitor is slightly reduced at etted temperature
leading to the decreases of E%.

The apparent activation energy is easily determiethe following relations:

Weor = kexp (-B/ RT) and Weor = K exp (-E%/ RT) 2

W’ o and W, are the corrosion rates of steel with and withaiibitor, respectively. £ and E are the apparent
activation energies in the presence and abseriodibftor, respectively (Take in Table 3).

Table 3 : Effect of temperature (298-318 K) on the corrodigmbition of steel 1M HCI by epoxy- allylpulego{s-7)
at 1 hour.

W
Compounds 5-7 T (K) | (mglem®h) | Wo(mglem?h) | E (%)
308 0.445 2.121 79
Epoxy-allylpulegols 318 1.135 4.203 73
328 2.514 7.856 68
338 5.060 12.65 60
308 0.615 2.121 71
Epoxyallylpulegol6 318 1.555 4.203 63
328 3.456 7.856 56
338 6.578 12.65 48
308 0.678 2.121 68
Epoxy-allylpulegol7 318 1.681 4.203 60
328 3.613 7.856 54
338 6.831 12.65 46

Straight lines of Arrhenius plots are obtained. Ténaluation of activation energies are deduced fribra
corresponding slopes (Fig. 5). Values obtainedbard, 69.1, 68.5 and 66.7 kJ/mol for free acid imnaldded withb, 6
and7, respectively.

3

@ Blank
2,5 4 5
AG
2 *7
p—
-~
E
<9 1,5 1
-—
=
oD
E 1
=
— 0.5 -
0 4
-0,5 -
2.9 2,95 3 3,05 31 3,15 3,2 3,25 33

10T (K1)

Figure 1: Arrhenius plots of steel in uninhibited and intel acid
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Increase in the inhibition efficiency with tempenat is regarded by Ammar and El Khorafi [30] as Itkely specific
interaction between the metal surface and the aegeompound. The lower value of the activation ggeof the
process in presence of the inhibitor when comp#odtiat in its absence is attributed to its chenpison. While the
higher Ea is attributed to physical adsorption [3Rltilova et al. [32] interpreted the chemisonptiat higher
temperatures by an increase of the surface cougrédhibitor's concentration increase and rate wheileing step of
the metal dissolution becomes the diffusion throtighfilm of corrosion products and inhibitor.

Oguzie [33] explained the decrease in inhibitioficefhcy with rise in temperature, with analogousrease in
corrosion activation energy in the presence ofkitbi compared to its absence, is frequently imetgrl as being
suggestive of formation of an adsorption film ofypital (electrostatic) nature. The reverse effeatresponding to an
increase in inhibition efficiency with rise in teemature and lower activation energy in the presesfcmhibitor,
suggests a chemisorption mechanism [34].

The dependence of the fraction of repor® Gk function of the concentration (C) of epoxy-dgilyegols was
graphically fitted. Fig. 2 shows the dependencefdhe CB as function of the concentration®f6 and?7.

0,006

00055

0,005

00045

0,004 -

C/O (mol/l)

0,0035 -

0,003 -

0,0025 -

0,002 T T T T T T
0.0005 0.001 0.0015 0.002 0.0025 0.003 00035 0,004

C (mol/l)

Figure2: Adsorption isotherm model of epoxy-allylpulegéls

As can be seen from figure 2 adsorption of exyalli¢gols5-7 obeys the Longmuir isotherm given by equation

Cinh :l +Cun 3)
0 b

where b is the equilibrium constant of adsorptideaaption/desorption processis Surface covered and C is the
inhibitor concentration.

It is admitted that organic compounds having fur@ groups such as —OR, —-C=0, —COOR, —NR2 and& —
inhibit corrosion of metals in acidic media [35-3The adsorption of organic compounds on metabserfs explained
by the substitution of water molecules which faatk the access of hydrogen ions to the surfacehemdithe corrosion
attack. This replacement may cover the metal serfex then reduces the surface area that is aeaflabthe attack
of the aggressive ion from the acid solution. Tharasion rate decreases with increase with thebitdri
concentration.
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As shown in Fig. 2, straight lines are obtainedewICh is plotted against C and the linear correlationffacient of

the fitted data is good>0.995). This result corroborates that the inhibitis due to the adsorption of the inhibitors
onto the metal surface and the adsorption obey&dhgmuir isotherm. The calculated valuesA&°,4s are negative
(Table 4). The increasingly negative adsorptior feaergy AG°,q9 reflects the spontaneity of the adsorption of the
inhibitor molecules and mof&G°,4sis negative and more the adsorbed layer on steflce is stable.

Table 4: adsorption parameters of oxy-allylpulegols on tteelssurface in acid solution

Compound K AGggs (Kji/mol) R2
5 493.5 -25.3 0.997
6 499.2 -25.3 0.995
7 456.9 -25.1 0.996

The negative values dfG°,ys equal -20 kJ/mol or lower are attributed to thectrbstatic interaction between the
charged molecules and the charged metal (physisojptFurthermore, those around -40 kJ/mol or highgolve
charge sharing or transfer from organic moleculestite metal surface to form a coordinate type ohdbo
(chemisorption) [38], while values between -20 kal/mnd -40 kJ/mol indicate both physisorption ahdroisorption
[39]. The value of -40 kd/mol is usually adoptedaathreshold value between chemi- and physisorddof The
values of AG°,4s for these Schiff bases point to the spontaneitythaf adsorption process under investigated
experimental conditions, and it also points out #usorption of compounds occurs predominantly bysiaal
adsorption [41]

4. Conclusion

From the overall experimental results the followaumnclusions can be deduced:
1. Allylpulegols 2-4 compounds acts as moderately inhibitors for threoston of steel in HCl medium, but their
corresponding epoxy-allylpulegdis? give better inhibition;
2. The inhibition efficiency of increases with the epeallylpulegols concentration to attain 79% at §/Bfor 5;
3. The inhibition efficiency of epoxy-allylpulegol®dreases with the rise of temperature.
4. The synthesised molecules adsorb on the steeksuafacording to the Langmuir isotherm.
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