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1 INTRODUCTION

Chemistry of heterocyclic compounds is a field of particular interest of the organic chemists.
Heterocyclic compounds have attracted a considerable interest for their highly electron-
donating and strong coordination abilities, and still receive much attention because of their
applications. Synthesis of secondary and tertiary amines through the N-alkylation of primary
amine is the furthermost important and essential reaction in synthetic chemistry. However, N-
alkylation using alkyl halides is a traditional method of N-substituted amines synthesis.™
Polyimides (PIs) have excellent physical and chemical properties and they are used
extensively in microelectronic manufacturing as interlayer dielectrics (ILDs), passivation
layers and stress buffers.? Pis rigid imide and phenyl structure cause high modulus, glass
transition temperature (Tg ) and thermal stability. However, most of them have low solubility
in common organic solvents. The Pls film can be prepared by spin-casting of polyamic acids

on a Si/metal substrate, followed by the thermal dehydration reaction. However, the release
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of water molecules in the thermal immunization process severely deforms the Pls film.! The
versatile reaction chemistry of benzocyclobutene (BCB)-functionalized thermosets and their
excellent properties made them high-performance materials for microelectronic
applications.”®! Incorporation of the reactive alkyl group to the molecular structure, not only
increases the solubility of the BCB monomers, but also provides the photosensitivity when
reacted with acid photo-crosslinking agents. In this context we discuss further the chemistry

of heterocyclic moieties, synthesis and their applications.

2. Imides

2.1 Chemistry of Imides Noncyclic or 4-, 5-, or 6-cyclic organic compounds of N-monoacyl
derivatives or musky, aliphatic imides and their derivatives (Fig. 1) can be obtained by the
reaction of carboxylic acids or anhydrides with reagents bearing a receptive amino (-NH2 )
group. The reaction occur by nucleophilic attack of amino group at a carboxyl carbon atoms
of acids or anhydride (Scheme 1).[" The particular reactivity of imides is a consequence of
the relative acidity of the -NH group and the two carbonyl groups.”®! General and
extraordinary synthesis conditions, chemical and physical properties, discovery, and usage of

cyclic carboxylic monoimides until 1969 have been reviewed by Hargreaves et al.!®!

2.2 Synthesis Methods of Imides

There are a few synthetic methods for the preparation of N-unsubstituted cyclic imides such
as abridgment of urea with liquid/gas ammonia, or amide with cyclic anhydrides (Scheme
2).110]

Also N-unsubstituted imides can be obtained in the reaction of diacid chloride with lithium
nitride under tremendously trifling conditions or microwave reaction of cyclic anhydrides
with urea or thiourea, benzonitrile, cyanate, thiocyanate, 4-N, N-dimethylamino pyridine,
ammonium chloride, ammonium acetate, and hydroxylamine hydrochloride.'Yy The
conventional simulated pathway (classical twostep method) for N-substituted imides
synthesis comprises of the development of amic acids through a reaction of amines and
anhydrides. Imidization of amic acids leads to the preferred imides. Dehydration of amic
acids produces two isomers, imides and isoimides, contingent upon the kind of dehydrating
agent, temperature, and reaction time, nature of amic acid, and the existence or lack of the
catalyst.*? Numerous dehydrating agents have been employed in the imide synthesis, for

instance: thionyl chloride, acetyl chloride with triethyl amine, acetic anhydride with
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anhydrous sodium acetate (Schemes 3 and 4), phosphorous trichloride, and phosphorous

pentaoxide.!**!
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2.2 Synthesis Methods of Imides

There are a few synthetic methods for the preparation of N-unsubstituted cyclic imides such
as abridgment of urea with liquid/gas ammonia, or amide with cyclic anhydrides (Scheme
2).[10]

Thermal process was utilized to get imides from the analogous amic acids.**! By
implementing this technique numerous N-substituted citraconimides such as N-(hydroxy
phenyl) phthalimides, N-(hydroxy phenyl) maleimides, and N-(hydroxy phenyl)
citracoimides have been formed (Scheme 5).1**]

A few N-substituted cyclic imides formed from the analogous N-substituted cyclic imides by
means of Gabriel synthesis by changing the potassium salt yield after the reaction with alkyl
halides (Scheme 6). In this way, phthalimide with N-hydroxy ethyl, N-phenoxy alkyl, N-
cyclopentyl, or N-benzyl has been generated.™ Diels-Alder reaction was carried out to
produce imide derivatives like N-substituted derivatives of 1-chloromethyl-1-
dibenzo[e.h]bicyclo[2,2,2]octane-2,3-dicarboximide and the achieved imide was then reacted
with 1,3-dibromopropane or 1-bromo-4-chlorobutane to produce N-(3-bromopropyl)- or N-
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(4-chlorobutyl)-substituted imide, that was condensed with appropriate aryl piperazines

generating the novel imides as presented in Scheme 7.[718!

Furthermore, some cyclic imides were formed by Mitsunobu reaction (Scheme 8).
Principally, Mitsunobu reaction includes condensation of alcohols and acidic components
followed by treatment with dialkylazodicarboxylates and trialkyl- or triarylphosphines. This
happens mainly due to transposition of the configuration through the proposed transitional
oxyphosphonium salts.**?! The reaction includes the activation of an alcoholic hydroxyl
group and the following carbon-oxygen bond cleavage promoted by an attacking anion to
provide the product (esters, ethers, imides etc.) with the complete inversion of the
configuration on the alcohol stereo center'?? Synthesis of cyclic imides under microwave
irradiation have interesting benefits including improved product yield and reduced reaction
time.2! A quick change of lactams to cyclic imides under microwave irradiation was

performed using peracetic acid and manganic chloride in ethyl acetate as a solvent (Fig. 2).[%*
29]

A straightforward, newly developed, easy and productive synthetic protocol was used for the
synthesis of N-aryl phthalimides, maleimides, and succinimides via condensation of cyclic
anhydrides with aromatic amine in trifluoroacetic acid (Fig. 3).B% Advantages of this

technique are the short reaction time, accessibility of the reagents, and remarkable yield.

2.3 Applications of Imides

N-Aryl and N-alkyl cyclic imides have attracted much attention of organic and medicinal
chemists due to their various applications in biological, synthetic, and polymer chemistry.*"
%3 Cyclic imides e.g.: benzoxazines, pyridooxazines and quinazolines can be used as building
blocks to create a wide range of heterocyclic compounds.®” A synthesis of numerous
alkaloids and pharmacophores, employs cyclic imides as initial materials and as
intermediates. Cyclic imides can also be employed for the synthesis of pesticides because of
their substantial biological effects.>>* N-phenyl phthalimide was used in the synthesis of
numerous herbicides. Its derivatives exhibit hypolipidemic activity, and other biological
properties like antimicrobial, antimalarial, antihypertensive, or antiviral.”?*~** Phthalimide
derivativeswith phenyl acetic acid and phenyl propionic acid were found to have anti-
inflammatory and analgesic properties. Varala et al. synthesized a series of phthalimides

linked to mandelic acid using the combination of N-(2-hydroxy ethyl) phthalimide and
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substituted mandelic acids (Fig. 4)."®! Additionally, a series of N-phenyl phthalimides

connected to substituted pyrazole moiety was synthesized by Pophale et al.[*/

Corrosion Inhibitors Atmospheric degradation of materials over time due to environmental
effects is known as corrosion. It is a natural tendency of matter to return to their
thermodynamically stable state and most metallic materials form oxides or sulfides.
Fortunately, the corrosion rate is slow. Only inert atmospheres or vacuum can provide a
corrosion free environment for most of the metallic materials. Usually, iron and steel corrode
in the presence of oxygen and water and corrosion rate increase with acidity, water velocity,
metal motion, temperature, aeration and certain bacteria.l*! Corrosion inhibitors can protect
materials, especially in acidic media.*®! In general, there are three types of inhibitors:

inorganic, organic, and mixed (inorganic and organic).*”

Acid inhibitors are organic compounds that adsorb on the metal surface with the polar groups
acting as the reactive centers.'*®! Properties of organic inhibitors mainly depend on their
structure, presence of functional groups, steric effects and electronic density of structure.[*”
Interaction of p-orbitals of the inhibitor with d-orbitals of the surface atoms also enhances the
properties of inhibitors.*” Experimental and theoretical techniques were used to understand
the dependence of the efficacy and structural properties of inhibitors.®™ N-heterocyclic
derivatives of imidazoline, 1,2,3-triazole, 1,2,4-triazole, benzotriazole, pyrrole, pyridine,
pyrazole, bipyrazole, pyrimidine, pyridazine, indole, benzimidazole, quinoline, purine and
tetrazole and pyrazine are effective corrosion inhibitors, used for iron or steel in acidic
medium. The inhibition impact of N-heterocyclic compounds is caused by the adsorption to
metal surface through N-heteroatom, triple or conjugated double bonds or aromatic rings in
their molecular structures. In addition, adsorption of inhibitor on steel/solution interface is
influenced by the chemical structures, nature and charged surface of a metal, circulation of
charge and type of the aggressive medium. Organic inhibitors, e.g. Schiff bases, used in
industrial processes to control metal dissolution and the consumption of acid, were invented
to replace the inorganic inhibitors. Effectiveness of inhibitor depends on the size of the
molecule, orientation, shape and the distribution of the electric charge. The polar organic
compounds containing sulfur (thiourea) adsorb on the metal surface and form a charge
exchange complex bond between their polar atoms and the metal.*? Addition of surfactants
also modifies the interfaces by controlling, diminishing, or avoiding reactions between a

substrate and environment. The corrosion inhibitory potential of surfactants relies on the
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classification of surfactants, the substrate type, inhibitor concentration, inhibitor structure,

acid type and its pH, salts occurrence, co-surfactant, temperature, and dipping time.®®!

Excellent corrosion inhibition was reported for iron and steel in acidic medium using
quaternary ammonium surfactants.® Corrosion inhibitor effectiveness increases in the
presence of an additional substance in the corrosive medium due to the synergistic effects.
For example, halide ions are effective additives for quaternary ammonium surfactants, giving
synergistic effect on corrosion inhibition of steel in acidic media. Additionally, surfactants
interact with K+, Mg2+, Ba2+, Cu2+, Zn2+, Hg2+, Cd2+, Co2+, Ni2+ and Fe3+ and rare
earth cationsgiving detectable change in the corrosion-resisting property of the metal.®® The
adsorption of the gemini surfactants on metal surfaces in acidic medium was affected by
length of hydrophobic chains and the spacer length of the gemini surfactants.®® The
corrosion inhibitors are toxic, and thus a great effort was applied to replace harmful inhibitors
with effective non-hazardous alternatives. In recent years, several drugs have been used as

corrosion inhibitors for various metals and other materials.>”]

CONCLUSIONS

Heterocyclic moieties are important class of organic compounds and acquire much attention
because of their applications. The reactivity of imides is a consequence of the relative acidity
of the (NH) group and the two carbonyl groups. Because of outstanding physical and
chemical properties such as high modulus, high glass transition temperature and high
stability, they are commonly used by pharmaceutical and agrochemical industries. Cyclic
imides are resourceful compounds used to synthesize diverse heterocyclic systems such as:
benzoxazines, pyridooxazines, quinazolines, and pyridopyrimidines. Heterocycles found
numerous applications in biological, synthetic, and polymer chemistry and the use of
inhibitors derived from heterocyclic moieties is the best practical approaches for shielding

materials against corrosion, particularly in acidic medium.
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