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Ascorbic acid is a vitamin found in different types of food. It has tremendous medical applications in several

different fields such as in pharmaceuticals, cosmetics, and in organic synthesis. 

Ascorbic acid  Organic synthesis  Catalyst

1. Introduction

Ascorbic acid, also known as Vitamin C, ascorbate, is the most well-known vitamin found in various foods .

However, humans and apes cannot synthesize ascorbic acid because of the lack of an enzyme gulonolactone

oxidase . In 1932, Haworth and King independently have established the molecular structure of hexuronic acid

and renamed it as ascorbic acid . Ascorbic acid molecule is structurally related to glucose . There are many

derivatives of ascorbic acid known .

The oxidation-reduction potential and the stability of its oxidation products add values to the application of ascorbic

acid as an antioxidant . Because of the low one-electron transfer potential, the two-way reactions among three

forms occur very easily. As a result, ascorbic acid has been known to be chemically unstable .

It is evident that ascorbic acid readily undergoes pH-dependent autoxidation and produces hydrogen peroxide .

Besides, in the presence of catalytic metals, this oxidation is accelerated . The combination of metal (mainly iron)

and ascorbic acid is a very effective oxidizing system. This is mainly used for the hydroxylation of alkenes,

aromatics, and other oxidations . Ascorbic acid can also exert pro-oxidant effects in the presence of catalytic

metal ions .

In this review, we mainly focus on the ascorbic acid-catalyzed mechanistically important reactions.

2. Ascorbicacid-mediated reactions

Catalysts such as organocatalysts, enzymes, and ionic liquids have shown very promising results in synthesis by

diminishing the number of hazardous effects of chemical reactions. Among them, the catalytic activities of ascorbic

acid are assuring due to its extraordinary abilities.

2.1 Oxidation of amines to carbonyl compounds
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Ascorbic Acid/copper dyad can be used as a catalytic system for selective aerobic oxidation of amines . On

dyad, the reactive organic mediator in its oxidized state and the easily oxidizable metal built an oxidation process.

The oxidation process starts with atmospheric oxygen  and continues in a cascade-like fashion.

All three reactions are pointedout that dehydroascorbic acid is the reaction intermediate and it acts as the oxidation

mediator . But in turn, a very slow reaction is observed when the same reaction is performed with ascorbic acid

and without the copper catalyst.

2.2 Cross-coupling of disulfides with aryl iodides

Srogl et al. reported the Cu (I)-catalyzed, ascorbic acid-mediated cross-coupling reaction of aryl iodides with

disulfides . It describes that the formation of organocopper species has occurred in the first step which is then

reduced by ascorbate in the next step. In the final step, the species interact with disulfide moiety and forms the

thioether.

2.3 ATRA of polyhalogenated compounds to alkenes

Atom-transfer radical addition (ATRA) reactions take place through a radical chain propagation mechanism. ATRA

reactions are effective methods for the functionalization of olefins .

Pintauer et al. reported the use of ascorbic acid as an environmentally benign reducing agent for copper-catalyzed

atom transfer radical addition (ATRA) and cyclization (ATRC) reactions utilizing a variety of alkenes and alkyl

halides . It is also reported that the reactions conducted in the absence of catalyst demonstrated negligible

conversions .  Ascorbic acid can also be used as a reducing agent for atom transfer radical polymerization

(ATRP) reactions, where the reactions were conducted in aqueous media, mini-emulsion, or heterogeneously .

2.4 ATRC of polychloroamides to cyclic amides

Ghelfi et al. reported a greenway for the cycloisomerization of N-allyl-α-polychloroamides to γ-lactams through a

copper-catalyzed ARGET-ATRC in ethanol and in the presence of ascorbic acid . The recognized mechanism for

the transition metal catalyzed ATRA (TMC-ATRA) consists of three elementary steps. First the metal complex

M L , in its reduced state, abstracts (reversibly) a halogen atom from the halo-precursor, generating a radical

species and thereby increasing the oxidation state of the metal by one (M L X). The radical intermediate, in the

next step, adds to the olefinic substrate yielding a new radical. Finally, the adduct radical is quenched by halogen

transfer from M L X (the metal complex in its oxidized state), regenerating the active form of the catalyst (M L )

and affording the reaction product. The atom transfers to and from the metal complex follow a concerted

mechanism, via an inner-sphere electron transfer process. Copper-catalyzed ARGET-ATRC, using ascorbic acid as

reducing agent, in ethanol was used for the synthesis of α, β-unsaturated 4-chloromethyl-γ-lactams from N-(2-

chloroallyl)-α-polichloroamides .

2.5 Amination of aryl halides to primary aromatic amines
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Page et al. reported the amination of a variety of aryl halides with copper(I) iodide and ascorbic acid in liquid/

ammonia at room temperature for aryl iodides and 100°C for aryl bromide and aryl chloride . In principle, Cu

can act as either an electron donor or acceptor, but on the basis of the small rate enhancement by the reductant

ascorbic acid, it seems likely that in liquid ammonia, Cu  is acting as a reducing agent. The Cu(I) catalyst is

present at only 1 mol % and any adventitious oxidation to Cu(II) will terminate the reaction, so the function of the

ascorbic acid is probably to reduce any such Cu(II) to its catalytically active form. Theoretical studies on the

cation−π interactions of Cu and benzene indicate that, in the gas phase, Cu  forms a η  complex with benzene,

especially if a counterion is present. Other theoretical studies on the copper(I)-catalyzed amidation of aryl halides

have suggested a mechanism involving rate-limiting oxidative addition through a penta-coordinated copper(III)

intermediate and a single electron transfer (SET) mechanism depending on the electron-donating abilities of the

ligand and the nucleophile. The small rate enhancement brought about by ascorbic acid given its ability to act as a

radical trap, does not suggest that a SET mechanism is operative in liquid ammonia.

2.6 Oxidation of sulfides

An inexpensive, convenient, and environmentally benign method for the selective oxidative transformation of

sulfides into sulfoxides has been studied in detail by Imada et al. .

The present reaction can be rationalized by assuming the redox process of the flavin species. The oxidized form of

flavin (Fl ) undergoes a single electron transfer from the ascorbate anion (AH ) to form a flavin radical anion

intermediate, which is then converted into reduced flavin (Fl ) by repeated single electron transfer from a second

ascorbate anion. Two equivalents of ascorbic acid are required in this catalytic system, probably due to the low

reducing ability of the resulting ascorbate radical species. In addition, the reaction does not proceed via a

photooxidation process involving resulting ascorbate radical species, because the reaction proceeded efficiently

under light-shielding conditions. Incorporation of molecular oxygen into the reduced flavin affords 4a-

hydroperoxyflavin (FlOOH), which effects oxygen transfer to the sulfides to afford the corresponding sulfoxides.

Dehydration of the resulting FlOH regenerates Fl  to complete the catalytic cycle.

2.7 Arylation of arenes with anilines

Carrillo et al.used ascorbic acid as a radical initiator in a metal-free direct C-H arylation of (hetero)arenes . On

the basis of the above observations and previous reports, a tentative mechanism is proposed for the arylation of

furan. First, the aniline reacts with tertbutyl nitrite to yield the diazonium salt I. In the initiation step, ascorbic acid

protonates a small part of I, which results in a change of the anion to ascorbate and leads to diazonium salt II.

Ascorbate then reduces the arenediazonium ion by a single-electron transfer through an inner-sphere mechanism.

This reduction consists of a nucleophilic addition of ascorbate to the diazonium moiety to afford a diazoether,

followed by a hemolytic rupture to generate nitrogen, ascorbyl radical, and the aryl radical III. Ascorbyl radical tends

to dismutate into dehydroascorbic acid and ascorbic acid, which can reduce another arenediazonium ion. On the

other hand, the aryl radical III undergoes a homolytic aromatic substitution to yield initially radical IV, which

propagates the reaction by losing one electron to reduce another molecule of diazonium salt I with the formation of
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the carbocation V, whose counterion, tert-butoxide, immediately abstracts a proton to yield the final product by

rearomatization of the furan ring.

2.8 Cyclization of aryl radicals with arenes

Cheng and co-workers reported that ascorbic acid can be used as an initiator for tandem radical cyclization of N-

arylacrylamides to give 3,3-disubstituted oxindoles . On the basis of previous reports and the above

experimental results, a tentative mechanism is proposed. First, tert-butyl nitrite reacts with 4-nitroaniline to yield

diazomium salt, whichis partly protonated by ascorbic acid (H Asc) to afford the ascorbate diazomium salt. The

nucleophilic addition of ascorbate to the diazonium moiety provides diazoether. At this step, the strong electron-

withdrawing ability and conjugative effect of the nitro group canfacilitate the addition of nitrogen-nitrogen triple

bonds and successive diazoether hemolytic rupture. Thus, the nucleophilic addition and homolytic rupture steps

are more difficult when 4-nitroaniline was replaced by other aniline derivatives under our reaction conditions, which

finally resulted in a complex reaction mixture. Next, diazomium salt is reduced by ascorbate to generate nitrogen,

ascorbyl radical and the aryl radical. Ascorbyl radical tends to dismutate into dehydroascorbic acid and ascorbic

acid, which can reduce another arenediazonium ion. On the other hand, aryl radical undergoes an addition to the

carbon-carbon double bond of N-arylacrylamide to generate the alkyl radical. The intermolecular cyclization of

radical gives another radical intermediate, which loses one electron to reduce the diazonium salt molecule to

generate carbocation and another aryl radical. The final step is deprotonation of carbocation bythe tert-butoxide

anion that generated in the reaction system to yield the desired cyclization compound.

2.9 Metal-Free Synthesis of Aryl Sulfides

Bu et al. reported the ascorbic acid-promoted synthesis of aryl sulfides with anilines nitrosated in situ by tert-Butyl

Nitrite .  The synthesis was metal-free and one-pot.

According to this observation and previous literature reports, a suggested mechanism was proposed. The aniline

undergoes a nitrosation by tert-butyl nitrite to give the aryl diazonium salt, which is protonated by ascorbic acid,

and the diazonium salt is formed upon the change of anion. Then, an electron transfers from ascorbate to aryl

diazonium ion to generate the aryl radical. The resulting ascorbyl radical dismutates into dehydroascorbic acid and

ascorbic acid which can react with another diazonium salt. Finally, the radical intermediate reacts with disulfide to

generate the product.

2.10 Oxidative arylation of vinyl arenes to 2-Aryl acetophenones

A convenient and general method for oxidative arylation of vinyl arenes by aryl radicals generated in situ from

arene diazonium fluoroborates promoted by ascorbic acid in the air at room temperature was developed in

absence of any additive and visible light irradiation by Ranu et al .

In the first step the aryl diazonium salt interacts with ascorbic acid to generate an intermediate diazoether via

nucleophilic attack of ascorbate anion to diazonium ion. Subsequently this diazoether undergoes a homolytic
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cleavage to produce an aryl radical. In the next step the aryl radical attacks at β-position of vinyl arene to form a

relatively stable benzyl radical which captures O  from air to produce the peroxy radical. This peroxy radical then

reacts with another molecule to provide an oxyl radical which leads to 2-phenyl acetophenone by abstraction of a

hydrogen radical

2.11 Photoreductive removal of O-benzyl groups

A photoreductive method to remove benzyl O-protective groups from oxyarene N-heterocycles at positions capable

for 2-/4-Opyridine−2-/4-pyridone tautomerism was developed by Helaja and co-workers .

The cycle begins by ascorbic acid protonating the N-heterocycle and continues by reduction of the excited state of

the photocatalyst with ascorbic acid. Thereafter, the reduced state catalyst donates electron for the substrate,

which is fragmented into benzyl radical and neutral pyridone. This scenario is firmly supported by correlation of

various substrate reduction potentials vs several catalyst RSRPs. Additionally, Stern−Volmer plot indicate that

ascorbic acid acts as a primary fluorescence quencher of [Ru] catalyst.

2.12 Photocatalytic Reductive Fluoroalkylation of Nitrones

A method for the addition of fluorinated groups to nitrones using an iridium photocatalyst and ascorbic acid as a

stoichiometric reducing agent was described by Dilman et al. .

First, fluorinated alkyl iodide is reduced by a catalyst to generate the corresponding free radical, which adds at the

nitrone double bond. Subsequent single-electron reduction of nitroxyl radical and protonation of nitroxide species

affords hydroxylamine. As a stoichiometric reductant we used readily available ascorbic acid. Two distinct

pathways can work with the use of the same photocatalyst. In mode A, the light-activated catalyst serves as a

source of electrons (oxidative quenching), and its reduced state is regenerated with the aid of ascorbate. In mode

B, the catalyst is first reduced by ascorbate (reductive quenching) leading to a strongly reductive species, which

activates the alkyl iodide. Besides reducing the catalyst, ascorbate anion can also serve as a source of hydrogen

atom toward nitroxyl radical.

2.13 Reductions of N-Heterocyclic Nitroaryls to Anilines

A photoreductive method utilizing [Ru- (bpy) ]  photocatalyst, blue light LEDs, and ascorbic acid to reduce nitro N-

heteroaryl to the corresponding anilines was developed by Helaja et al. . The mechanism seems to involve

numerous steps: the reaction is initiated by a multisite proton-coupled electron transfer (MS-PCET) between the

nitro quinoline, AscH , and [*Ru ], i.e., proton and electron are transferred from one donor to two separate

acceptors. This is supported by Stern−Volmer titrations, in which concentrations of substrates were fixed and the

amount of AscH  was varied. The protonation energies of reactive nitro substrates by AscH  were calculated to

vary between thermoneutral (0.7 kcal/mol) and endergonic (15.4kcal/mol), where the endergonicity of protonation

does not exclude hydrogen-bonding interactions between acid and base, which in turn can facilitate MS-PCET
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reactions. The protonation of hydroxylamine and the subsequent reduction of [*Ru ] to [Ru ] by AscH are

required for the reduction of the substrate by [Ru ], as the reduction of electron-rich hydroxylamine quinolines.

2.14 Dehalogenation of Halo Compounds

Dehalogenation of vic-Dibromo-, α -halo-, or α, α -dibromocarbonyl compounds using catalytic tris(2,2'-

bipyridyl)ruthenium dichloride (Ru(bpy) Cl ) in combination with 1,5-dimethoxynaphthalene (DMN) and ascorbate

as sacrificial electron donor was reported by Reiser and co-workers . The combination of 1,5-

dimethoxynaphthalene as a primary and ascorbic acid as a sacrificial electron donor worked effectively as a

photocatalytic system. 

2.15 Synthesis of cyclic carbonates from CO

Elia et al.found that ascorbic acid/TBAI was an efficient organocatalytic pair for the synthesis of cyclic carbonates

under ambient or very mild conditions . Overall, for the reaction mechanism of ascorbic acid, the calculated

barriers range from 12.0 kcal/mol to 16.0 kcal/mol, which are consistent with the observed activity at room

temperature. The cycloaddition reaction mechanism for the acetal protected ascorbic acid derivative (APAA) is

calculated. The main results can be summarized in the following points: The calculated ring opening barrier (TS-

AB’) for APAA is 3.2 kcal/mol higher in energy than the corresponding barrier for ascorbic acid (16.2 kcal/mol vs

13.0 kcal/mol, respectively); The calculated CO  insertion barrier (TS-BC’) for APAA is significantly higher in energy

(by 5.5kcal/mol) when compared to the corresponding barrier for ascorbic acid. These observations can be partly

attributed to the acetal protecting group acting as an electron donor and influencing the hydrogen bonding ability of

APAA; Similar to ascorbic acid, the ring closure step is predicted to be the rate-determining step. However, the

calculated barrier (TS-CD’) for APAA is 3.4 kcal/mol higher than the corresponding barrier for ascorbic acid.

2.16 Synthesis of 3-Aminoquinolinones, 3-Aminocoumarins and Anilines

Alami and co-workers introduced a method to provide a range of 3-aminoquinolin-2(1H)-ones and 3-

aminocoumarins from 3-bromoquinolinones and 3-bromocoumarins, respectively . This method was based on

the efficient copper-catalyzed in situ C-(sp )-NH  bond formation.   This reaction used copper powder as the

catalyst, ascorbic acid as the additive, and eco-friendly ethanol as the solvent in the presence of pipecolinic acid as

the ligand .

The reaction proceeds by a nitrene thermolysis mechanism. Initially, the azide intermediate is probably formed

followed by the nitrene species, produced by the thermo-initiated N  liberation, was presumably converted to the

product by hydrogen abstraction.

2.17 Synthesis of polyhydroquinoline and 1,8 dioxodecahydroacridines

Chemists developed several methods for the synthesis of polyhydroquinoline and 1,8-dioxodecahydroacridine

derivatives, which involves three-component reaction methods and four-component reaction methods, in the
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presence of a variety of catalysts . Debache et al. reported the catalytic role of ascorbic acid in the synthesis of

1,8-dioxodecahydroacridine and polyhydroquinoline derivatives through a multicomponent condensation reaction

.

Ascorbic acid facilitates the enolization of a molecule of the 1,3-diketone and changes the aldehyde into convenient

electrophile by protonation, obtained and reacted together to give the intermediate by a Knoevenagel-type reaction.

Furthermore, a second diketone molecule or an ethyl acetoacetate molecule undergoes enolization under the

influence of ascorbic acid to yield intermediate. Then a Michael-type reaction takes place. The resulting

intermediate reacts with ammonium acetate to yield imine which undergoes an intramolecular cyclization and

dehydratation to yield the expected product.

2.18 Aerobic benzylic C-H oxidation

Rezaeifard and co-workers reported the selective aerobic benzylic C–H oxidation of alcohols and hydrocarbons by

TiO /AA/Co nanohybrid in ethyl acetate .

2.19 Synthesis of Benzimidazoles

Rezaeifard et al. reported the one-pot environmentally benign synthesis of benzimidazoles by cobalt ascorbic acid

complex coated on TiO  nanoparticles via aerobic photooxidative cyclization reactions . The results revealed

that the reaction rate affected by the electronic demands of the substrates. For example, benzyl alcohol bearing

electron-donating groups were efficiently converted to the pertinent benzimidazole derivatives with a high yield of

94%. However, the strong electron-withdrawing nitro group on the phenyl ring of both alcohol and amine molecules

significantly retarded the reaction.

2.20 Synthesis of 1,5-disubstituted 1,2,3-triazoles

Kumar et al. reported a copper-catalyzed decarboxylative regioselective protocol for the synthesis of 1,5-

disubstituted 1,2,3-triazoles through direct annulation of cinnamic acids with aryl azides in the presence of ascorbic

acid . The first step of the reaction is the regioselective 1,3-dipolarcycloaddition of azides with cinnamic acid to

form the cation intermediate. Subsequently, a decarboxylation to copper triazoline occurs, followed by the loss of a

proton to afford a copper complex 1,4,5-trisubstituted 1,2,3-triazole. In acidic media, the copper complex readily

undergoes protonolysis, providing free 1,5-disubstituted 1,2,3-triazoles and allowing the Cu(II) species to

participate again in the catalyticcycle. The Cu(II) can be regenerated from the Cu(I) species with oxygen under

acidic conditions.

2.21 Synthesis of α-acyloxy carboxamides

Shaabani et al. reported the synthesis of carboxamide scaffolds, from the reaction of aldehyde, benzoic acid, and

isocyanide derivatives catalyzed by ascorbic acid .   The formation of a strong hydrogen bond between an
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aldehyde and diol group in ascorbic acid activates molecule. Subsequently, nucleophilic addition of an isocyanide

leads to an intermediate, which is subsequently attacked by carboxylate to produce desired compound.

2.22 Synthesis of arylbutanoates

The reaction of various aldehydes, Meldrum’s acid, and cyclohexyl isocyanide were investigated in the presence of

ascorbic acid as a catalyst in the water at room temperature by Shaabani et al. . The formation of a hydrogen

bond between ascorbic acid and ketone led to intermediate, which subsequently reacted with 1,2-

phenylenediamines. An intramolecular imine-enamine cyclization formed seven-membered ring heterocycle, which

was then attacked by isocyanide and water and subsequent tautomerization led to the desired product.

2.23 Synthesis of benzodiazepines

Shaabani et al. reported the synthesis of benzodiazepines by the pseudo-five-component reaction of 4-nitro-1,2-

phenylenediamine, acetone, and cyclohexyl isocyanide in water catalyzed by ascorbic acid . The best yield of

product (90%) was obtained in the presence of 10 mol% of ascorbic acid in water at room temperature.

2.24 Synthesis of benzoxazepines

Shaabani and co-workers reported the catalytic performance of ascorbic acid for the direct synthesis of

benzoxazepine rings . They performed the three-component reaction of 2-aminophenol, dimedone, and

benzaldehyde in the presence of ascorbic acid under various reaction conditions to obtain 1,4-benzoxazepine

derivatives. Initially, in the presence of the catalyst, 2-aminophenol and dimedone undergo enamine formation.

Then, an intermediate is produced by nucleophilic attack of enamine to activate aldehyde followed by the

intramolecular cyclization led to the product.

2.25 Synthesis of dihydropyrimidinones

Debache and co-workers described an efficient one-pot synthesis of 3,4-dihydropyrimidin-2(1H)-ones/thiones via a

three-component Biginelli condensation of aldehyde, ethyl acetoacetate, and urea or thiourea . This Biginelli

reaction was carried out in the presence of a catalytic amount of ascorbic acid (5 mol %). The method describes an

ascorbic acid-catalyzed one-pot condensation of aldehyde, 1,3-dicarbonyl compounds and urea, or thiourea to 3,4-

Dihydropyrimidin-2(1H)-ones. The mechanism follows usual Biginelli condensation.

2.16 Synthesis of Xanthenes

Mohamadpour reported a green, convenient, and highly versatile method for the facile synthesis of 12-aryl-

tetrahydrobenzo[α]xanthene-11-ones, 1,8-dioxo-octahydroxanthenes, and 14-aryl-14H-dibenzo[α,j]xanthenes

under solvent-free conditions . This method follows usual acid-induced cyclization process.

3. Conclusions

[37]

[37]

[37]

[38]

[39]



Ascorbic Acid-Mediated Reactions | Encyclopedia.pub

https://encyclopedia.pub/entry/1722 9/12

This review has explored the application of ascorbic acid as a catalyst in organic synthesis. In many instances, the

pertinent mechanism of the processes is advanced to explain the formation of the products.
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