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ABSTRACT
This review aims at highlighting the origin, reactivity and diverse biological activities of hydrazones.
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INTRODUCTION

Hydrazones are a special class of organic compounds in the Schiff base family [1]. They have a general
formula of (R1R2-C=N-NH) [2]. Duo to the ease of preparation, increased hydrolytic stability and tendency
toward crystallinity, hydrazones have been under study for a long time in organic chemistry [3].
Synthetic pathways

Hydrazones can be prepared by three synthetic pathways: (a) condensation between hydrazines and
ketones or aldehydes, (b) Japp-Klingemann reaction; coupling between aryl diazonium salts and beta-
keto esters or acids, and (c) coupling reaction between aryl halides and non-substituted hydrazones.
These methods lead to the formation of hydrazones with crystalline forms, which facilitate their
purification (Figurel) [4].
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Figure 1. The synthesis methodologies for hydrazone linkages (a) condensation between hydrazine
and ketone/aldehyde (b) the Japp-Klingemann reaction and (c) substitution of aryl halide
with non-substituted hydrazones [4].
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Mechanism of formation

Hydrazones are formed from the condensation of hydrazine (A) and a carbonyl compound (aldehyde or
ketone) (B) with water being the sole byproduct. The reaction starts by a proton-catalyzed attack of the
nucleophile on the carbonyl carbon atom of electrophile. Upon proton transfer, tetrahedral intermediate
(C) was formed. This intermediate can undergo dehydration via protonation of the hydroxyl function and
subsequent elimination of water. The resulting protonated intermediate is represented by two resonance
forms (D/E). The final deprotonation yields hydrazone [1] (Figure 2).
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Figure 2. Standard Mechanism of hydrazones formation [1]
Biosynthetic hydrazones

Hydrazones are widely present in nature [5], which could be biosynthesized by bacteria, fungi, plants, and
marine organisms, and can be isolated by different ways such as solvent extraction and fermentation.
Tablel summarizes various natural hydrazones and their sources.
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Table 1. Origin, chemical structures, and names of natural hydrazones

Origin Chemical structure Name/ Date of isolation
Bacteria [6] Katorazone
Streptomyces  sp. IFM 5 (2012)
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Semi-synthetic of hydrazones

The semi-synthesis of hydrazones was demonstrated by the administration of the antitubercular drug
isoniazid (INH) by healthy human. Analysis of urine indicates the formation of hydrazones, which
resulted from INH conjugation with endogen substances (amino acids) or theirs metabolites such as
leucine and/or isoleucine, lysine, tyrosine, tryptophan, and phenylalanine. Figure 3, summarizes various
hydrazones(1-10) formed by INH conjugation with various metabolites; 3-(1H-indol-3-yl)-2-
oxopropanoic acid, 2-oxo-3-phenylpropanoic acid, 3-(4-hydroxyphenyl)-2-oxopropanoic acid, 2-
oxohexanedioic acid, 4-methyl-2-oxopentanoic acid, 3-methyl-2-oxopentanoic acid, a-ketoglutaric acid,
glycine, and glucose and 5-hydroxy-4-(hydroxymethyl)-6-methylpyridine-3-carbaldehyde [8].
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Figure 3. Semi-synthe51s of hydrazones [8].

Reactivity of hydrazones

Hydrazones contain two connected nitrogen atoms of different nature and a carbon- nitrogen double
bond that is conjugated with a lone electron pair of the terminal nitrogen atom. These structural
fragments are mainly responsible for the physical and chemical properties of hydrazones. Both nitrogen
atoms of the hydrazone group are nucleophilic, although the amino- type nitrogen is more reactive. The
carbon atom of hydrazone group has both electrophilic and nucleophilic characters [9]. Shown in Figure
4 are the active centers of N-monosubstitutedhydrazones (A), N,N-dialkylhydrazones (B), and N-acyl
hydrazones (C).
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Figure 4. Active centers of hydrazones [9].
Hydrazones display diverse reactivity, taking part in reactions with nucleophiles, electrophiles, and other
chemical reagents. Being a bidentate nucleophiles, hydrazones react with electrophilic reagents with
participation of either nitrogen atom (compounds 1, 2), or the carbon atom of the azomethine group
(compounds 3). Strong bases deprotonate hydrazones to form anions of types 4 and 5, whereas
nucleophiles attack the azomethine carbon atom to form products of both addition 6, 7 and substitution

8. Furthermore, hydrazones can be reduced to amines 9 or oxidized to diazo compounds 10 [10] (Figure
5).
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Figure 5. Reactions of hydrazones with different types of reagents [10].

Heterocyclization of hydrazide-hydrazones

Hydrazide-hydrazones are very effective organic compounds. Several researchers reported on the
synthesis of heterocyclic compounds from these compounds. Rollas et al. [11] prepared four substituted
1,3,4-oxadiazolines from 4-fluorobenzoic acid (substituted methylene) hydrazides and acetic anhydride.
In addition, Thomas et al. [12] synthesized a series of 2-azetidinones from the reaction of N’-[(1Z)-
(substituted aromatic) methylidene]pyridine-4- carbohydrazides and chloroacetylchloride, bynovel
methods; microwave irradiation and stirring/sonication. Furthermore, Patel et al. [13] prepared a series
of 4-thiazolidinones from the cyclocondensation of hydrazide-hydrazones with thioglycolic acid in dry
1,4-dioxane. These reactions are shown in Figure 6.
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Figure 6. Heterocyclic compounds formed from hydrazide-hydrazones.
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Biological activity of hydrazones
Hydrazones are a bioactive compounds with clinical and pharmacological proprieties. Nifuroxazide is an
oral nitrofuran antibiotic used in anti-dehydration and colitis treatment. It neutralizes microbacterials in

diarrhea, and has "a spectrum which covers most enteropathogenic microbacterials, Shigella, Escherichia
coli, Salmonella, Staphylococci, Klebsiella, and Yersinia (Figure 7) [14].
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Figure 7. Structure of nifuroxazide [14].

Anti-mycobacterial activity

Due to the increasing number of drug resistant Mycobacterium tuberculosis strains, there is an urgent
need for new anti-tubercular drugs, capable of overcoming the resistance mechanisms. Along this line,
some new 3,4-disubstituted thiazolylidene-isonicotino hydrazide derivatives were synthesized and tested
in vitro against Mycobacterium tuberculosis H37Ra 7131 strains. Among the potential compounds, N’-(4-
(4-chlorophenyl)-3-phenylthiazol-2(3H)-ylidene) isonicotinohydrazide (1), which exhibited MIC value of
1.99 pg/mL [15]. In addition, hydrazone derived from thriazol-1-yl ethoxy phenyl, compound (2), has a
potential anti-tubercular effect with MIC values ranging from 0.09 to 0.19 pg/mL (Figure 8) [16].
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Figure 8. Structures of thiazolylidene-isonicotino hydrazide derivatives [15][16].

Anticancer activity

Structure-activity relationship (SAR) study of thirty-two isoniazid derivatives, demonstrated that the
presence of a hydroxyl group on the aromatic ring, especially the ortho-position, plays an important role
in the anticancer activity against human cancer cell lines: OVCAR-8 (ovary), SF-295 (glioblastoma), HCT-
116 (colon), and HL-60 (leukemia). Shown in Figure 9 are the structures of three compounds that
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exhibited good cytotoxic activity when compared to the reference drug doxorubicin; these compounds
are considered new anticancer agents [17].
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Figure 9. Structure of anticancer, monohydroxylated, dihydroxylated, and methoxylated hydrazones
[17].

Leishmanicidal activity

Hydrazones and their thiosemicarbazone derivatives displayed antileishmanial effects. For this, INH-
derivatives hydrazones (HPAmIH and HPCIH) were prepared and tested against intracellular amastigote
form of Leishmania (Viannia) braziliensis strains and exhibited leishmanicidal effects (Figure 10) [18].
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Figure 10. Structure of leishmanicidal hydrazones (HPAmIH and HPCIH) [18].

Antibacterial activity

Malhotra et al. [19] prepared a series of hydrazones by condensation of 2-ethoxybenzaldehyde with
isoniazid. Aminomethylation of these hydrazones with formaldehyde and substituted secondary amines
formed the new hydrazones, which were tested for their antimicrobial activity. Results revealed that the
compounds 3, 4, and 5 showed excellent effects against bacterial strains, such as Bacillus subtilis,
Staphylococcus aureus, Pseudomonas aeruginosa, and Escherichia coli (Figure 11).
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Figure 11. Structure of antibacterial hydrazones 3, 4, and 5 [19].
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Antifungal activity
Cordeiro et al. [19] synthesized a series of hydrazones derived from INH and evaluated their antifungal
activity against Coccidioides posadasii. Three compounds of the series, N’-[(E)-1-(4-
methoxyphenyl)ethylidene]pyridine-4-carbohydrazide (A), N’-[(E)-1-(4-methylphenyl) ethylidene]

pyridine-4-carbohydrazide (B), and N’-[(E)-1-(phenyl)ethylidene]pyridine-4-carbohydrazide (C)
exhibited significant antifungal activity (Figure 12).
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Figure 12. Structure of antifungal hydrazones (A, B, and C) [19].
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