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Abstract 

Ninhydrin has been utilized in many heterocyclic preparations and considered as an important 

building block in organic synthesis. There is a wide range of reactions that include ninhydrin in the 

synthesis of heterocyclic compounds. This review highlights the advances in the use of ninhydrin as 

starting material in the synthesis of various organic compounds and drugs in a fully comprehensive 

way, from its first isolation in 1910 to the end of 2013. There is also a diversity of multi-component 

reactions of ninhydrin and we highlight the recent reports in this review. 
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1. Introduction 

 

Ninhydrin was first made in 1910 by an English chemist Siegfried Ruhemann, who also 

investigated its reaction with amines and amino acids to form a colored compound.1-2 The product 

of this reaction is a compound known as Ruhemann’s purple (Rp),3-4 which has a maximum 

absorption at 570 nm. Ninhydrin is a stable hydrated product of indane-1,2,3-trione, which is 

considered to be a very important analytical tool in organic, peptide, biochemical, analytical and 

forensic sciences (Figure 1).5-10  
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Figure 1. Ninhydrin as the hydrate of indane-1,2,3-trione. 

 

In 1954, Oden and von Hofsten reported the use of ninhydrin as a fingerprint developing reagent 

that reacts with amino acids secreted from sweat glands.11 The possible use of ninhydrin to detect 

and quantitatively estimate of amino acids/peptides12-20 has great importance in revealing latent 

fingerprints (Scheme 1).21-32 Continuous efforts were made to enhance the sensitivity of this 

technique,33-37 and on the synthesis of a broad variety of ninhydrin analogs for utility as efficient 

reagents to detect amino acids.38 The C-2 position of this compound which is situated between two 

other carbonyl groups, is more reactive towards oxygen, sulfur and carbon-based nucleophiles. 

Derivatives of indane are also of much interest due to their wide range of biological activities such 

as antimicrobial, anti-inflammatory, and antagonistic inhibition.39-45 Ninhydrin is extensively used 

to detect compounds of pharmaceutical importance46-57 and in kinetic studies.58-59 

 

 
 

Scheme 1. Reaction of ninhydrin with amino acids. 

 

There are many published articles on the different reactions of ninhydrin, such as 

amidoalkylation,60 Knoevenagel condensation,61 oxidation,62-63 reduction,64-66 aldol addition,67-74 

cycloaddition,75 Friedel–Crafts type reaction,76-83 Kolbe-Schmitt,84 Passerini,85-92 Wittig,93-106 and 

Morita-Baylis-Hillman reactions.107-111 Ninhydrin was used in the design and synthesis of various 

frameworks, both carbocyclic112-119 and heterocyclic. 

Considering the importance of ninhydrin as a building block in organic synthesis, and as there 

are a wide range of reactions that include ninhydrin in the synthesis of heterocyclic compounds, we 
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have summarized the most prominent reactions in which one of the starting materials was ninhydrin. 

While various aspects of ninhydrin chemistry have been reviewed elsewhere, including the 

chemistry,6-7,120-121 mechanism,122-126 applications,127-129 and development of analogues,9-10 a 

literature search revealed that a review dedicated to the application of ninhydrin in the synthesis of 

heterocyclic compounds is well overdue.  

The rest of this review will focus on the distribution of publications involving the use of 

ninhydrin for preparing of heterocycles. First we introduce different synthetic routes to prepare 

ninhydrin, and second, we review the use of ninhydrin as a starting material in the synthesis of 

different heterocyclic compounds, the order being based on the type of heterocycles formed. We 

attempted to cover all the applications of ninhydrin in heterocyclic syntheses in a fully 

comprehensive way, from its first isolation in 1910 to the end of 2013. Some medicinal, biological, 

or pharmacological data and uses of ninhydrin will be mentioned when available 

 

 

2. Synthesis of Ninhydrin 

 

Ninhydrin 1 was first prepared in 1910 from the reaction of l-indanone 6 with N,N-dimethyl-p-

nitrosoaniline 7, followed by subsequent hydrolysis of the imine 8 (Scheme 2).2 Kametani and co-

workers were the first investigators to utilize Ruhemann’s methodology to synthesize ninhydrin and 

two-substituted ninhydrins from the corresponding 1-indanones.130 

 

 
Scheme 2. Synthesis of ninhydrin from the reaction of l-indanone with N,N-dimethyl-p-

nitrosoaniline. 

 

In 1963, Becker and Russell observed that ninhydrin could be readily synthesized from diethyl 

phthalate 9 in two steps, with an intramolecular ester condensation leading to the formation of the 
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1,3-indanedione system (Scheme 3).131 The reaction product isolated upon acidification with 

hydrochloric acid proved to be the α-chloro thioether 13, which when hydrolyzed in boiling water, 

results in ninhydrin being isolated in nearly quantitative yields. 

 

 
 

Scheme 3. Mechanism that accounts for the synthesis of ninhydrin from diethyl phthalate. 

 

One patent described a process to prepare ninhydrin that consisted of reacting a mixture of 

oximino-1,3-indanedione, formaldehyde and aqueous acid.132 Wasserman and Pickett reported the 

photo-oxidation of 1,3-indanedione 14 in the presence of tetrabutylammonium fluoride under 

standard conditions, with the oxidation being completed within 3 h to produce a single product 1 

(Scheme 4).133-134 It is worth mentioning that Tatsugi and Yasuji investigated the one-pot synthesis 

of ninhydrin from 1,3-indanedione by means of N-bromosuccinmide (NBS)-DMSO oxidation with 

the reaction proceeding at ambient temperature in 94% yield.135 

In addition, 1,3-indanedione can be readily oxidized to ninhydrin using selenous acid or 

selenium dioxide.136-137 Sensitized photooxidation (singlet oxygen) of gem-dihaloketones and/or 

vic-dihaloketones to prepare vic-triketones and/or their monohydrates was reported.138 Ninhydrin 

was also prepared from 1,3-indanedione by nitration, halogenation and decomposition of the 

nitrohalogenated derivative.139 Prakash et al. reported the oxidation of 1,3-indanedione 14 with 

iodobenzene diacetate-ROH-H2SO4, followed by the acid hydrolysis of the resulting 2,2-

dialkoxyindane-1,3-diones 16, to provide a new and convenient method for the synthesis of 

ninhydrin and its ketals (Scheme 5).140 
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Scheme 4. Mechanism proposed for the photo-oxidation of 1,3-indanedione to prepare ninhydrin. 

 

 

 
 

Scheme 5. Preparation of ninhydrin from the oxidation of 1,3-indanedione 14 with iodobenzene 

diacetate-ROH-H2SO4. 

 

In a related study, Lennard and co-workers synthesized several ninhydrin analogues, and 

evaluated them as amino acid-specific fingerprint reagents.141-142 Treatment of the appropriately 

substituted 1,3-indanedione 14 with p-toluenesulfonyl azide in the presence of triethylamine 

afforded the diazo diketone 18. Subsequent reaction of compound 18 with tert-butyl hypochlorite 

gave the required ninhydrin analogues in good overall yields (Scheme 6). 
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Scheme 6. Synthesis of ninhydrin employing 1,3-indanedione and p-toluenesulfonyl azide. 

 

Zenkova and Degterev described the synthesis of ninhydrin by heating 1,2,3,4-tetrahydro-1,4-

dioxo-2,2,3,3- tetrahydroxynaphthalene (oxolin) on a steam bath.143 A study by Heffner et al. 

toward the synthesis of benzo[f]ninhydrin 23 as an analogue of ninhydrin reported the Diels-Alder 

reaction of dibromo-o-xylene 19 and 4-cyclopentene-l,3-dione 20 followed by treatment with 

excess bromine and oxidation of the activated methylene group (Scheme 7).144-145 This methodology 

was optimized and applied to the synthesis of two other ninhydrin analogues, 6-

methoxybenzo[f]ninhydrin 24 and thieno[f]ninhydrin 25. The successful preparation of naphtho[2,3-

f]ninhydrin 26 as alternative ninhydrin analogue with excellent potential as a fingerprint reagent 

was discovered by Hallman and Bartsch.146 The synthesis of 5-methoxyninhydrin based on a novel 

and efficient two step route, which begins with commercially available 6-methoxy-1-indanone 27, 

was also investigated (Scheme 8).147 Ninhydrin was also prepared by a single-stage process from 2-

acylindane-1,3-diones.148 

 

 

Scheme 7. Mechanistic explanation of the synthesis of benzo[f]ninhydrin. 
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Scheme 8. Two step route for the synthesis of 5-methoxyninhydrin. 

 

 

3. Synthesis of Five-membered Heterocycles 

 

This section involves a range of heterocyclic reactions involving ninhydrin, starting with the 

synthesis of five-membered heterocyclic compounds in which examples of ninhydrin as a precursor 

in reactions are presented that led to the construction of several N, O and S containing heterocycles. 

In this regard, various heterocyclic compounds, such as pyrroles, pyrrolidines, imidazoles, 

tetrahydrofurans, dihydrofurans, benzofurans, thiophenes, oxazolidines, and thiazolidines are 

reported, starting with ninhydrin. Various types of reactions, such as cycloaddition, 

cyclocondensation, Wittig, Pictet-Spengler, Baylis-Hillman, and sequences of reactions as well as 

multicomponent reactions are included. After this section the synthesis of six-, seven- and eight-

membered heterocycles are presented. 

 

3.1. N-Heterocyclic compounds 

3.1.1. Pyrroles. Ninhydrin has been employed in the architecture of different types of heterocyclic 

moieties. Pyrroles are important synthons in the synthesis of natural products.149 They exhibit 

remarkable biological properties such as antimicrobial,150 anti-inflammatory151 and antitumour 

activities152 and are able to inhibit retroviral reverse transcriptases,153 cellular DNA polymerases154 

and protein kinases.155 Furthermore, some of these compounds are useful intermediates in the 

synthesis of biologically important naturally occurring alkaloids156 and unnatural heterocyclic 

derivatives. In 1972, an investigation of a model reaction with ninhydrin 1, phenylacetaldehyde 30, 

and primary amines showed that heating of equimolar amounts of these components in aqueous 

methanol affords three interrelated products 31-33, two of which strongly fluoresce upon irradiation 

(Scheme 9).157 
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Scheme 9. Three-component synthesis of pyrroles from ninhydrin, phenylacetaldehyde, and 

primary amines. 

 

In benzene, ninhydrin undergoes electrophilic substitution at C2 of 3,5-dimethoxyaniline, 

leading to the indeno[1,2-b]indole 34,158 which can in turn be transformed into fused indole 

derivatives 35, 38, 40, the indolenines 36, 37, and the indolone 39 (Scheme 10).159 The rate of 

tetracyclic products formation from the ring-opened products appears to be related to the 

substitution pattern of the aniline ring. Examples that have an electron-donating group para to the 

amine can easily cyclize to the tetracyclic product, while in the case of 3,5-dimethoxyaniline, where 

neither of the methoxy groups are in a para position with respect to the amine, formation of the 

tetracyclic product is much slower. Anilines, having only one electron-donating group located at the 

meta position, react para to the amine, and therefore cannot lead to ring closure, resulting in the 

formation of the tetrahydroindeno[1,2-b]indolone product not being possible.160 

A one-pot four component procedure for the synthesis of densely functionalized pyrroles 46 by 

reacting ninhydrin with phosphorane intermediates 43 was developed by Azizian et al. (Scheme 

11).161 The latter is produced from the reaction between triphenylphosphine, ammonium thiocyanate 

(or ammonium acetate) and various dialkyl acetylenedicarboxylates 41. The final step of this 

reaction involves the proton transfer reaction to afford compounds 46. Thus the compound 45 may 

be considered as the primary product of an intramolecular Wittig reaction. 
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Scheme 10. Synthesis of fused indole derivatives, the indolenines, and the indolone starting from 

indeno[1,2-b]indole. 

 

 

Scheme 11. Mechanistic explanation of the four component synthesis of densely functionalized 

pyrroles. 

 

More recently, the same group described the synthesis of a racemic mixture of novel tetrahydro-

3a,8b-dihydroxy-4-oxoindeno[1,2-b]pyrroles 49 via the three-component reaction of ninhydrin 1, 
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primary amines, and alkyl propiolates 47 (Scheme 12).162 The key step in this synthesis is an 

efficient reaction of the amine with an alkyl propiolate to give 3-amino acrylate derivative 48, 

which then reacts with ninhydrin. In another study, Hatamjafari and Montazeri investigated this 

reaction under microwave irradiation in 4-8 min with 60-87% yield.163 

 

 
 

Scheme 12. Three-component reaction of ninhydrin, primary amines, and alkyl propiolates for the 

synthesis of tetrahydro-3a,8b-dihydroxy-4-oxoindeno[1,2-b]pyrroles. 

 

Later, Yavari et al. used dialkyl acetylenedicarboxylates 41 in the above reaction leading to the 

formation of dialkyl tetrahydro-3a,8b-dihydroxy-4-oxoindeno[1,2-b]pyrrole-2,3-dicarboxylates 52 

(Scheme 13).164 The zwitterionic intermediate 50 formed from the reaction of amine with activated 

acetylenes, is attacked by ninhydrin to produce 51. The intermediate 51 then undergoes cyclization 

under the reaction conditions employed to produce 52 as a racemate. 

 

 
 

Scheme 13. Mechanism proposed to explain the synthesis of dialkyl tetrahydro-3a,8b-dihydroxy-4-

oxoindeno[1,2-b]pyrrole-2,3-dicarboxylates. 
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Replacing dialkyl acetylenedicarboxylates 41 with 1,1-bis(methylthio)-2-nitroethene 53 in the 

reaction with primary amines or 1,n-diamines and ninhydrin was reported by Alizadeh and co-

workers (Scheme 14).165 The mechanism involves a reaction between nitroketene aminals 54, 

derived from the addition of various primary amines or 1,n-diamines to 1,1-bis(methylthio)-2-

nitroethene, with ninhydrin. 

 

 
 

Scheme 14. Mechanism that explains the reaction of various primary amines or 1,n-diamines with 

1-bis(methylthio)-2-nitroethene and ninhydrin. 

 

Thereafter, the same group investigated the reaction of ninhydrin 1, malononitrile, dialkyl 

acetylenedicarboxylates 41, and primary amines in water at room temperature and the 

aza[3.3.3]propellane derivatives 58 were synthesized in excellent yields (Scheme 15).166 In the same 

report, replacement of the dialkyl acethylenedicarboxylate 41 with alkyl acetoacetate 57 was 

attempted in order to acquire some newly substituted aza[3.3.3]propellanes 59 (Scheme 15). 
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Scheme 15. Synthesis of heterocyclic[3.3.3]propellanes via sequential four-component reactions. 

 

As shown in Scheme 16, the same authors also described a chemoselective route to synthesis the 

highly functionalized fused heterocyclic[3.3.3]propellane via a sequential one-pot four-component 

reaction.167 The syntheses were achieved by reacting ninhydrin with malononitrile to give rise to 

Knoevenagel adduct, which is trapped in situ by various ketene aminals through conjugate addition 

and cyclization, providing multi-functionalized oxaaza[3.3.3] propellanes 60-61. 

 

 
 

Scheme 16. Synthesis of fused oxa-aza[3.3.3]propellanes via chemoselective sequential four-

component reactions. 

 

In another four-component reaction, the preparation of functionalized 4-(1,3-dioxo-2,3-dihydro-

1H-2-indenyl) substituted 1-benzylpyrrole-3-carboxylates 64 via the reaction between ninhydrin 1, 

1-phenyl-2-(1,1,1-triphenyl-λ5-phosphanylidene)-1-ethanone 62, primary amines and alkyl 

acetoacetate 63 was described (Scheme 17).168 
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Scheme 17. Four-component synthesis of substituted 1-benzylpyrrole-3-carboxylates. 

 

Ninhydrin 1, primary amines, and 1,3-dicarbonyls 63 react under solvent-free conditions to 

afford pyrrole derivatives 65 (Scheme 18).169 Cyclic-1,3-diones were also used in this reaction to 

provide functionalized hydroindeno[1,2-b]indoles.170 Reaction of 1,3-dicarbonyl compounds and 

ninhydrin was also carried out in ethanol/water in the presence of ammonium acetate.171 

Investigations by Pramanik and co-workers showed that when these adducts 65 are heated on a 

water bath for 5-20 min in acetic acid with a catalytic amount of conc. H2SO4, racemic pyrrole-

fused isocoumarins 69 are formed in very good yields (Scheme 19).172 Subsequently, this group of 

researchers modified this reaction to include the solid-supported Brønsted acid catalyst silica 

sulfuric acid (SSA).173 The methodology has a series of intrinsic advantages, such as easy 

preparation of the solid supported SSA, reduced energy requirements and manpower usage, easy 

product isolation/purification and operational simplicity, which lead to a ‘‘benign by design’’ 

synthetic route. 

 

 
 

Scheme 18. Three-component synthesis of pyrrole derivatives from ninhydrin, primary amines, and 

1,3-dicarbonyls. 
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Scheme 19. Mechanism proposed for the pyrrole-fused isocoumarins synthesis. 

 

A facile synthesis of tetracyclic isocoumarins 71 based on the AcOH-catalyzed 

cyclocondensation and rearrangement reaction between heterocyclic ketene aminals 70 and 

ninhydrin was described by Lin and co-workers (Scheme 20).174 This method provided direct access 

to tetracyclic isocoumarins, a class of compounds with potential broad spectrum biological activities. 
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Scheme 20. AcOH-catalyzed synthesis of tetracyclic isocoumarins from ketene aminals and 

ninhydrin. 

 

1,3-Diphenyl-1H-pyrazol-5-amine 72 in reaction with ninhydrin resulted in the formation of 

9H-indeno[2',1':4,5]pyrrolo[3,2-c]pyrazol-9-one 73 for the first time (Scheme 21).175 

 

 
 

Scheme 21. Synthesis of pyrrolo[3,2-c]pyrazol-9-one from ninhydrin and 1,3-diphenyl-1H-pyrazol-

5-amine. 

 

Hemmerling’s group reported the reaction of cyclic enaminones 75 and ninhydrin 1 to yield vic-

dihydroxy indenoindoles 76 and the subsequent deoxygenation reaction with N,N,N',N'-

tetramethylsulfurous diamide, which gave the partially unsaturated indenoindoles 77 (Scheme 

22).176-177 Thereafter, human protein kinase CK2 inhibition activity of the produced indeno[1,2-

b]indole derivatives was evaluated and showed satisfactory results.178-179 

Li and co-workers discovered novel multicomponent reactions involving N-heteroannulations of 

enaminones 75, ninhydrin, and acid anhydride or aromatic amines to selectively produce 

multifunctionalized indeno[1,2-b]indoles with different substituted patterns 78 and 79 as a racemic 

mixture (Scheme 23).180 
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Scheme 22. Mechanistic explanation of the synthesis of unsaturated indenoindoles. 

 

 
 

Scheme 23. Three component synthesis of multifunctionalized indeno[1,2-b]indoles. 
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The synthesis of tetrahydroindeno[2',1':4,5]pyrrolo[2,3-d]pyrimidinetrione derivatives 81, based 

on the addition reaction of ninhydrin and 6-aminouracils 80, was developed by Bazgir and co-

workers (Scheme 24).181 The methodology was later employed in the synthesis of several new 3H-

spiro[isobenzofuran-1,6'-pyrrolo[2,3-d]pyrimidine]-2',3,4',5'-tetraones 86 based on the reaction of 

ninhydrin and 6-aminouracils 80, followed by oxidative cleavage of the corresponding 

dihydroxyindenopyrrolopyrimidines 81 (Scheme 25).182  

 

 

Scheme 24. Addition reaction of ninhydrin and 6-aminouracils for the synthesis of 

tetrahydroindeno[2',1':4,5]pyrrolo[2,3-d]pyrimidinetrione. 

 

 

Scheme 25. Mechanism proposed for the 3H-spiro[isobenzofuran-1,6'-pyrrolo[2,3-d]pyrimidine] -

2',3,4',5'-tetraones synthesis based on the reaction of ninhydrin and 6-aminouracils. 

 

3.1.2. Pyrrolidines and pyrrolizidines. Pyrrolidines are important core structures in organic 

chemistry because of their presence in many natural products.183 Furthermore, a wide range of 

biological activities were also observed in compounds possessing a pyrrolidine motif which 

includes anti-cancer,184 antifungal,185 and antiviral properties.186 Additionally, the family of 

pyrrolizidine alkaloids continues to provide novel structures with interesting and potentially 

valuable biological properties.187 It has been reported that various substituted pyrrolizidines display 

versatile pharmacological properties such as antimicrobial188 and antitumor activities.189 
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Azomethine ylides are a class of powerful reagents that are utilized in 1,3-dipolar cycloaddition 

reactions that generally afford a range of pharmacologically important heterocyclic compounds. 

Azomethine ylide 87 was generated in situ from the reaction of ninhydrin 1 and sarcosine, and then 

used as starting substrate in the synthesis of a variety of N-methyl-spiropyrrolidines (Scheme 26). 

Highly regioselective synthesis of new dispiropyrrolidines 89 containing a thiophenone ring was 

achieved by a three-component 1,3-dipolar cycloaddition reaction. Unsaturated thiophenone 

dipolarophiles 88 were reacted with azomethine ylides 87 to produce the corresponding 

cycloadducts in good yields (Scheme 26).190 Similarly, 1,4-naphthoquinone 90191 and 

bisarylmethylidenecyclohexanones 92192 reacted with 87 to form novel spiropyrrolidines 91 and 93, 

respectively (Scheme 26). 

 
Scheme 26. Application of ninhydrin azomethine ylide in 1,3-dipolar cycloaddition reactions. 
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Chromone-3-carbaldehydes 94 have been used as dipolarophiles in the one-pot synthesis of 

several dispirochromanopyrrolidines 95 and 96 as a racemic mixture in boiling alcohol (Scheme 

26).193 In a one-pot cycloaddition reaction, the azomethine ylide 87 was reacted with (E)5H-2-

(arylmethylidene)-5-phenyl-6,7-dihydrothiazolo[2,3-b]benzo[h]quinazolin-3(2H)-one 97 in 

refluxing methanol to afford a series of novel dispiropyrrolidines 98 regioselectively (Scheme 

26).194 A series of twelve dispiropyrrolidines 100 were synthesized using a [3+2]-cycloaddition 

reaction of azomethine ylides to appropriate dipolarophiles, 2-[(E)-1-arylmethylidene]-1-indanones 

99 (Scheme 26).195 The synthesized compounds in this study were screened for their 

antimycobacterial activities, with four of them showing good activity with MIC of less than 1 µM. 

The reaction of (Z)-16-arylmethylidene estrone derivatives 101 with 87 for the facile synthesis 

of hitherto unknown steroidal pyrrolidines 102 was described (Scheme 26).196 

Raghunathan and co-workers investigated the reaction of β-nitrostyrene 103 with nonstabilized 

azomethine ylides that were generated from ninhydrin 1 and sarcosine 104197 or proline 105,198 to 

afford a series of spiroindan-nitro-pyrrolidines 106 and spiroindan-nitro-pyrrolizidines 107, 

respectively (Scheme 27). This method was later used by Chen and co-workers to prepare similar 

products.199-201 While the authors claimed that all the reactions proceeded with high regio- and 

stereoselectivity, it appears that at least the enantiomers of the products (106 and 107) should have 

formed during the reaction.  

 

 

 

Scheme 27. Three-component synthesis of spiroindan-nitro-pyrrolidines and spiroindan-nitro- 

pyrrolizidines. 

 

Some other dipolarophiles such as benzo[b]thiophene-1,1-dioxide,202 3-arylmethylidene-4- 

chromanone,203 monoarylmethylidene cyclopentanones,204 3-phenyl-5-isoxazolone,205 9-

arylmethylidene fluorenes,206 and (E)-3-aryl-1-(thiophen-2-yl)prop-2-en-1-ones,207 were employed 

in the reaction with azomethine ylides to afford various spiro-pyrrolidines and pyrrolizidines 108-

113, respectively (Figure 2). 
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Figure 2. Structure of various spiro-pyrrolidines and pyrrolizidines 108-113. 

 

Three-component regio- and product-selective domino protocols to synthesis a racemic mixture 

of novel cage diazapenta- and hexacyclic ring systems 115 and 116 through a 1,3-dipole generation-

cycloaddition-annulation sequence were reported (Scheme 28).208 The same group discovered that 

these hexacyclic derivatives exhibited vital pharmacological properties, were considered useful to 

treat Alzheimer’s disease.209 Later, application of different ionic liquids, such as 1,1,3,3-

tetramethylguanidine acetate [TMG][Ac]210 and 1-butyl-3-methylimidazolium bromide 

([BMIm]Br)211 in this reaction was also investigated. [BMIm]Br was used in the four-component 

synthesis of spiropyrrolidines 118 through the 1,3-dipolar cycloaddition reaction involving 1-

methyl-3,5-bis[(E)-arylmethylidene]-tetrahydro-4(1H)-pyridinones 114, ninhydrin 1, sarcosine 104 

and o-phenylenediamine 117 (Scheme 29). 
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Scheme 28. Three-component regioselective synthesis of diazapenta- and hexacyclic ring systems. 

 

 
 

Scheme 29. Four-component synthesis of spiropyrrolidines. 

 

Raghunathan and co-workers published a study on the one-pot synthesis of novel ferrocene 

grafted N-methylspiropyrrolidines 120 in good yields through a facile 1,3-dipolar cycloaddition 

reaction of various azomethine ylides, derived from ninhydrin 1 and sarcosine 104 with various 

ferrocene derivatives including 119 as dipolarophilic partners (Scheme 30).212 This group also 

reported a one-pot four-component synthesis of novel ferrocene embedded monospiro-
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indenoquinoxaline pyrrolizidines through 1,3-dipolar cycloaddition of azomethine ylide, generated 

from 1,2-phenylenediamine, ninhydrin, and L-proline, with various unusual ferrocene derived 

dipolarophiles.213 

 

 
 

Scheme 30. Three-component synthesis of novel ferrocene grafted N-methyl-spiropyrrolidines. 

 

In a related study, an unusual ferrocene-derived Baylis–Hillman adduct 121 was used as a 

dipolarophile for the synthesis of novel ferrocene-derived heterocycles 122-123 (Scheme 31).214 In 

this reaction, the cycloadduct initially formed undergoes intramolecular cyclization to give 

furopyrrolidine 122 due to the proximity of the carbonyl group to the hydroxyl group. The 

synthesized cycloadducts were also evaluated for antimicrobial activities, and some compounds 

showed promising bioactivity against six human pathogens, as compared to reference compound 

tetracycline.215 The synthesis of novel ferrocenyl oxindoles was successfully achieved, and a series 

of novel dispiroheterocyclic system was synthesized via the cycloaddition of azomethine ylides 

with the newly synthesized ferrocenyl oxindoles.216 
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Scheme 31. Three-component synthesis of ferrocene-derived heterocycles from ninhydrin, 

sarcosine/proline, and ferrocene-derived Baylis–Hillman adduct. 

 

Microwave-assisted synthesis of spiropyrrolidines 128-131 was accomplished using the alkene 

unit of Baylis-Hillman adducts of ninhydrin 124 with sarcosine 104 and various activated ketones 

125, 126, 1, and 127 through a 1,3-dipolar cycloaddition reaction. Application of proline in these 

reactions was also investigated, and the products were obtained in excellent yields with high 

regioselectivity in a short time (Scheme 32).217 Methyl 2-(2,3-dihydro-2-hydroxy-1,3-dioxo-1H-

inden-2-yl) acrylate 124 was synthesized via the Baylis-Hillman reaction of ninhydrin 1 and methyl 

acrylate and utilized as a dipolarophile in this reaction. In a related study, the same strategy was 

followed for the synthesis of a racemic mixture of products.218 Application of a Baylis-Hillman 

adduct of heterocyclic aldehydes with azomethine ylides to afford penta- and tetracyclic systems in 

the presence of montmorillonite K10 clay was also investigated.219 
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Scheme 32. Microwave-assisted synthesis of spiropyrrolidines. 

 

The synthesis of a racemic mixture of novel dispiroheterocycles containing a 

bicyclo[2.2.1]heptane ring system 135 through sequential [3+2] and [4+2] cycloadditions was 

described by Raghunathan’s group (Scheme 33).220 
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Scheme 33. 1,3-Dipolar cycloaddition reaction followed by intermolecular Diels–Alder 

cycloaddition for the synthesis of bicyclo[2.2.1]heptane ring system. 

 

Scheme 34 illustrates the construction of a variety of norbornane-fused novel spiro-1,3-

indanedione-pyrrolidine motifs. The cycloaddition reactions of azomethine ylide generated from 

ninhydrin and sarcosine with various norbornenes furnished the respective racemate norbornane-

fused spiro-1,3-indandionolylpyrrolidines 137-140 as single diastereomers.221 N,N'-bis(5-

norbornene-2,3-dicarboximide) 141 and N,N'-bis(7-oxa-5-norbornene-2,3- dicarbox-imide) 142 

were later used in this reaction to form several other novel products.222 
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Scheme 34. Three-component synthesis of norbornane-fused spiro-1,3-indandionolylpyrrolidine 

motifs. 

 

The three-component reaction of azomethine ylide, generated from sarcosine and ninhydrin with 

dipolarophiles to yield a series of novel dispiroindano cycloheptan/octanone pyrrolidines in good 

yields is a variation on this theme.223 Cyclic secondary α-amino acids react regiospecifically with 
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ninhydrin to give stable azomethine ylides. Proline 105224 and hydroxyproline 105b therefore react 

with ninhydrin to give the stable azomethine ylides 143a and 143b. As expected, 143a and 143b 

undergo a wide range of cycloaddition reactions at room temperature with suitable dipolarophiles, 

e.g. 143a reacts with diphenyl fumarate to give 144a (71%), and 143b reacts with methyl acrylate to 

form 144b (70%) as a racemic mixture. In contrast to proline, ninhydrin reacts with N-

methylglycine to give the oxazolidine 145 derived from cyclisation of the intermediate azomethine 

ylide (Scheme 35).225 Glycine amide and alanine amide also react with ninhydrin to form the 

polycyclic compounds 146.  

 

 
 

Scheme 35. Reaction of secondary α-amino acids with ninhydrin to form polycyclic compounds. 

 

Efficient four-component and stereoselective synthesis of new spiro[indeno[1,2-b]quinoxaline-

11,2'-pyrrolidine] derivatives 148 via 1,3-dipolar cycloaddition reactions of ninhydrin 1, 

phenylenediamine 117, sarcosine 104, and chalcones 147 was described by Jadidi and co-workers 

(Scheme 36).227 The regiochemistry and stereochemistry of resultant cycloadducts have been 

determined by several 2D NMR spectroscopic techniques and X-ray single crystal diffraction. 

Mohammadizadeh and Firoozi employed proline 105 in this reaction for stereoselective synthesis of 

some spiro[indeno[1,2-b]quinoxaline-11,3'-pyrrolizidine] derivatives 149 in very good yields 

(Scheme 36).228 High diastereomeric excess of reaction was deduced on the basis of 1H NMR 

spectra through which no other diastereomers could be detected. It is noteworthy that adducts 149 

have three or four (including nitrogen) stereogenic centers, but their synthesis affords only one 

diastereomer, due to the fixed configuration of corresponding dipole and the structure of transition 

state, as was later mentioned by Grigg and his co-workers in a series of extensive studies.229-230 
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Scheme 36. Four-component synthesis of indeno[1,2-b]quinoxaline derivatives. 

 

Replacing chalcones 147 with N-aryl maleimides 150 in the above reaction afforded some new 

spiro pyrrolizidines 151 via 1,3-dipolar cycloadditions of azomethine ylides under microwave 

irradiation (Scheme 37).231 

 

 
 

Scheme 37. Microwave assisted four-component synthesis of spiro pyrrolizidines. 

 

The one-pot four-component reaction of ninhydrin 1, phenylenediamine 117, proline 105, and 

acrylic acid derivative 152 in ethanol to afford a racemic mixture of alkyl spiro[indeno[1,2-
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b]quinoxaline-11,3'-pyrrolizidine]-2'-carboxylates 153 was reported by Mohammadizadeh and co-

workers (Scheme 38).232 

 

 
 

Scheme 38. Four-component synthesis of [indeno[1,2-b]quinoxaline-11,3'-pyrrolizine]-2'- 

carboxylates from ninhydrin, phenylenediamine, proline, and acrylic acid derivative. 

 

Preparation of racemic spirocyclic pyrrolidine analogues 155 via the reaction of ninhydrin 1, 

phenylglycine 154 and substituted maleimides 150 was reported by Grigg’s group (Scheme 39).233 

The compounds synthesized were later screened for their antibacterial activities, which showed 

potent activity against E. faecalis and S. aureus PheRSs with high selectivity over the human 

enzyme being discovered.234 The same group also studied the intervention of 1,3-dipolar species in 

the decarboxylative transamination of α-amino acids by trapping with a range of dipolarophiles.235 

 

 
 

Scheme 39. Three-component synthesis of spirocyclic pyrrolidine analogues. 

 

When a mixture of ninhydrin 1, 4-methoxybenzylamine 156 and N-methylmaleimide 150 in 

acetonitrile is heated, the reaction furnishes a racemic mixture of endo- and exo-cycloadducts 157a 

(65%) and 157b (8%) respectively, with a combined yield of 73% (Scheme 40).236  
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Scheme 40. Three-component synthesis of a mixture of endo- and exo-cycloadducts from ninhydrin, 

4-methoxybenzylamine, and N-methylmaleimide. 

 

Application of amino acid 158 in this reaction was also investigated (Scheme 41).237 Ninhydrin 

1, 158, and N-phenylmaleimide 150 react giving a single racemic product whose stereochemistry 

was assigned on the basis of NOE experiments. The NMR spectrum of the reaction mixture 

revealed no sign of cyclopropyl ring opening products. 

 

 
 

Scheme 41. Three-component reaction of ninhydrin, amino acids, and N-phenylmaleimide reported 

by Grigg. 

 

(E)-2-oxoindolin-3-ylideneacetophenones 160 were used in a one-pot, three-component 1,3-

dipolar cycloaddition reaction with azomethine ylides to give the corresponding products 161 as a 

racemic mixture (Scheme 42).238 High regioselectivity was achieved for the reaction under 

ultrasonication conditions and in the presence of silica as a catalyst. Thereafter, the same group used 

dipolarophile 160 in the regioselective cycloaddition reaction with the azomethine ylide for the 

synthesis of dispiro[oxindole/indeno[1,2-b]quinoxaline] pyrrolidine ring systems as a racemic 

mixture.239 The ylide was generated from ninhydrin 1, 1,2-phenylenediamine 117, and sarcosine 

104 by the decarboxylative route. 
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Scheme 42. Three-component 1,3-dipolar cycloaddition reaction reported by Raghunathan. 

 

Three-component reaction of carbamate dipolarophile 160 with sarcosine 104 and ninhydrin 1 

was carried out by heating a mixture of equimolar amounts of the reactants in boiling methanol, and 

the racemic spiro product 162 was isolated as a result of syn,endo addition of the dipolarophile to 

1,3-dipole (Scheme 43).240 

 

 
Scheme 43. Three-component synthesis of tetrahydrodispiro[indane-2,2'-pyrrolidine-3',3''- indol]-

4'-yl)carbonyl]phenylcarbamate. 

 

H4[Si(W3O10)3] as an efficient catalyst was used in the 1,3-dipolar cycloaddition reaction of 

azomethine ylides for the four-component, one-pot synthesis of dispiroindeno-quinoxaline 

pyrrolizidines 164 as a racemic mixture (Scheme 44).241 Different dipolarophiles including (E)-2-

arylmethylidenetetrahydronaphthalen-1-ones 165, (E)-3-arylmethylidene-4-chromanones 166 and 



Review and Accounts  ARKIVOC 2015 (vi) 1-139 

Page 33 ©ARKAT-USA, In 

(E)-2-oxoindolin-3-ylideneacetophenones 160 were used in this reaction. The application of solid-

support catalyst TiO2 for the synthesis of these systems was also investigated by the same group.242 

 

 
 

Scheme 44. H4[Si(W3O10)3] catalyzed four-component synthesis of dispiroindeno-quinoxaline 

pyrrolizidines. 

 

Regioselective synthesis of dispiropyrrolidine derivatives 168 isolated as a racemic mixture was 

carried out by reaction of ninhydrin 1 with sarcosine 104 and (E)-2-arylmethylidene-1-oxo-

carbazole 167 under three different conditions: a. refluxing in methanol, b. reacting in microwave 

irradiation with K-10 Montimorillonite clay, and c. reacting under microwave irradiation under neat 

condition (Scheme 45).243 Methods B and C gave better yields compared to Method A (see Scheme 

45). 
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Scheme 45. Three-component synthesis of dispiropyrrolidine derivatives. 

 

Compound 169 was isolated from the reaction of ninhydrin and N-methylacetamide. Subsequent 

catalytic hydrogenation and hydride reduction of 169 afford a variety of substituted derivatives 

(Scheme 46).244 

 

 
 

Scheme 46. Reaction of ninhydrin and N-methylacetamides. 

 

A facile one-pot synthesis of a series of novel spiropyrrolidines/pyrrolizidines 176 and 177 

containing a β-lactam moeity was accomplished through the 1,3-dipolar cycloaddition reaction of 

alkenyl esters 175. The latter was derived from the β-lactam aldehyde 173, and reacted with the 
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dipolar azomethine ylide, derived from ninhydrin 1 and secondary amino acids 104 and 105 

(Scheme 47).188 

 

 
 

Scheme 47. One-pot three-component synthesis of novel spiropyrrolidines/pyrrolizidines. 

 

A five-component regioselective reaction employing ninhydrin 1, 1,2-phenylenediamine 117, 

sarcosine 104, active methylene compounds, and aldehydes yielded the spiro-pyrrolidines 178 

(Scheme 48).245 This reaction proceeds through a Knoevenagel condensation/1,3-dipolar 

cycloaddition sequence of in situ generated azomethine ylides and olefinic dipolarophiles. 
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Scheme 48. Five-component regioselective synthesis of spiro-pyrrolidines. 

 

Ninhydrin in reaction with 2-nitromethylenepyrrolidine 179 gives the cyclized product 180 in a 

double nucleophilic addition. The reaction proceeds regio- and diastereoselectively in high yield 

(Scheme 49).246 The cis configuration of the hydroxy groups was confirmed by NMR (both –OH 

groups are involved in intramolecular H-bond). 

 

 
 

Scheme 49. Reaction of ninhydrin with 2-nitromethylenepyrrolidine. 

 

Highly substituted vic-dihydroxyindenoindole 182 was prepared from a solution of equimolar 

amounts of corresponding enaminone 181 and ninhydrin 1 in chloroform, stirred at room 

temperature for 24 h (Scheme 50).247 Compound 182 was investigated for its in vitro cytotoxic 

activity against six human tumour cell lines and two nontumourogenic cell lines. Its in vitro activity 

against Mycobacterium tuberculosis was also reported and in general, it was found to possess a 

marginal activity. 
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Scheme 50. Regiospecific synthesis of vic-dihydroxyindenoindole. 

 

The application of the 1,3-dipolar cycloaddition reaction of an azomethine ylide, generated in 

situ from ninhydrin 1 and 1,2,3,4-tetrahydroisoquinoline 183, with chalcone derivatives 147 was 

reported by Sarrafi and co-workers. In this study, a new class of spiroindane-1,3-diones 186 were 

obtained in a regio- and diastereo-controlled manner (Scheme 51).248 

 

 
 

Scheme 51. Reaction of ninhydrin, 1,2,3,4-tetrahydroisoquinoline, and chalcone derivatives 

reported by Sarrafi. 

 

3.1.3. Pyrazolines. Pyrazolines are biologically active and therapeutically useful compounds.249-251 

A convenient method for the synthesis of racemic phenylindeno[1,2-c]pyrazol-4(1H)-ones 188 via 

the sequential reaction between benzaldehydes, phenylhydrazine 187, and ninhydrin in MeCN was 

described by Yavari and co-workers (Scheme 52).252 
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Scheme 52. Three-component synthesis of phenylindeno[1,2-c]pyrazol-4(1H)-ones. 

 

In a study by Alizadeh and co-workers, a synthetic route to highly functionalized 1H-pyrazole-

3-carboxylates 189 was developed via a one-pot three-component domino reaction of 

phenylhydrazines 187, dialkyl acetylenedicarboxylates 41, and ninhydrin 1 under mild conditions 

(Scheme 53).253 

 

 
 

Scheme 53. Three-component synthetic route to highly functionalized 1H-pyrazole-3-carboxylates 

reported by Alizadeh. 

 

3.1.4. Imidazoles and imidazolidines. Imidazole nucleus is a constituent of many bioactive 

heterocyclic compounds that are of wide interest because of their diverse biological and clinical 

applications.254-257 Additionally, imidazolidines have attracted considerable attention from synthetic 

organic chemists since these scaffolds exhibit significant pharmacological properties.258-260 The 

reaction of ninhydrin with urea was first reported by Van Slyke and Hamilton in 1941,261 and two 

years later, they reported the formation of a stable ninhydrin-urea compound.262 Recently, nineteen 

new spirohydantoins were synthesized in three steps, outlined in Scheme 54: the ureas not 
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commercially available were prepared by the addition of a primary amine to the appropriately 

substituted isocyanate 190. The disubstituted ureas 191 were then reacted with ninhydrin 1 to give 

indeno[1,2-d]imidazolidine-2,8-diones 192. Subsequent oxidation of the latter with NaIO4 

exclusively yielded one regioisomer of the N,N'-disubstituted phthalidyl spirohydantoins 193.263-264 

The anticonvulsant activities of these compounds were also evaluated, with most showing the 

ability to inhibit pentylenetetrazol-induced convulsions. 

 

 
 

Scheme 54. Synthesis of regioisomer of the N,N'-disubstituted phthalidyl spirohydantoins. 

 

Ninhydrin reacts with compounds 194 according to Scheme 55 to give meso 1,4-diazaspiro-

[4,4]nonanes 195.266 

 

 
 

Scheme 55. Synthesis of meso 1,4-diazaspiro-[4,4]nonanes. 
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Highly substituted indeno[1,2-d]imidazoles 197 were synthesized via a tandem addition-

cyclization reaction of primary amines, aryl isothiocyanates 196, and ninhydrin 1 under solvent free 

conditions (Scheme 56).267 

 

 
 

Scheme 56. Three-component synthesis of substituted indeno[1,2-d]imidazoles. 

 

Synthesis of indeno[1,2-d]imidazolidin-2-iminium chloride 199 as a new ninhydrin derivative 

was achieved from an aqueous solution of guanidinium chloride 198 and ninhydrin in equimolar 

amounts (Scheme 57).268 The molecular structure of 199 was experimentally determined using 

single crystal X-ray technique. 

 

 
 

Scheme 57. Synthesis of indeno[1,2-d]imidazolidin-2-iminium chloride from guanidinium chloride 

and ninhydrin. 

 

An efficient synthesis of functionalized tetrahydroimidazoles 200 via a one-pot tandem reaction 

between ninhydrin 1, primary alkylamines, aryl isocyanates or aryl isothiocyanates 196, acetylenic 

esters 41 and triphenylphosphine was described by Hossaini and co-workers (Scheme 58).269 

Azizian’s group introduced a procedure for the diastereoselective synthesis of highly 

functionalized dihydrofuran derivatives 203 via the intramolecular Wittig reaction on 

dihydroxyindeno[1,2-d]imidazole 201, which was easily synthesized from the addition reaction of 

ninhydrin 1 and urea (Scheme 59).270 Two diastereomers 203 and 203' are possible for compounds 

203, with NOE experiments confirming the formation of the 203 isomers. This interesting 

stereochemical outcome was rationalized by considering a steric repulsion between ester group and 
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imidazole-dione ring at the phosphorane isomers 202' and 202, and thus the 203 isomers were 

assigned to the crystalline products. 

 

 
 

Scheme 58. Four-component synthesis of functionalized tetrahydroimidazoles. 

 

 
 

Scheme 59. Mechanism of diastereoselective synthesis of highly functionalized dihydrofuran 

derivatives. 

 

When phenols 204 are refluxed in a mixture of ninhydrin and acetic acid, 2-hydroxy-2-(2′-

hydroxy-aryl)-1,3-indanediones 205 are formed, and preferentially remain in the cyclic hemiketal 

form 206.74,160 With this in mind, Pramanik and co-workers reported refluxing 206 with urea in 

acetic acid (one pot reaction) to produce isoindole fused imidazoles with phenolic subunits 207 

(Scheme 60).271 It was observed that in aprotic solvent, they show high fluorescent properties, but in 

protic polar solvent, fluorescent intensity decreases. 
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Scheme 60. Synthesis of isoindole fused imidazoles with phenolic subunits from ninhydrin, phenols, 

and urea. 

 

The reaction of ninhydrin with thiourea in water (1 h)272 or AcOH in a relative short time (15 

min) gives maximum yield (100%), and the products exhibit promising antimicrobial activity 

against gram positive bacteria, gram negative bacteria and a fungus strain C. albicans.273 Its non-

covalent interactions were also carefully analyzed in terms of crystal engineering and 

supramolecular chemistry. Subsequently, the same group synthesized two indeno imidazoles 209 

from the reaction of ninhydrin with diphenylurea or diphenylthiourea 208 and examined their 

antimicrobial activities, which showed good antibacterial activity against B. subtilis and P. 

aeruginosa (Scheme 61).274 However, the authors did not determine or comment on the 

stereochemistry of the compounds.  

 
 

Scheme 61. Synthesis of indeno imidazoles from the reaction of ninhydrin with diphenylurea or 

diphenylthiourea. 

 

3.2. O-Heterocyclic compounds 

3.2.1. γ-Lactones. Lactones are useful starting materials in the synthesis of various types of 

heterocyclic organic compounds. The use of suitably substituted lactones is particularly favorable in 
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the synthesis of polycyclic heterocyclic systems.275-276 In 1910, Ruhemann observed that ninhydrin 

rearranges in base to give o-carboxymandelic acid 210 (isolated as its lactone 211).1 Later, Bowden 

and Rumpal described a detailed investigation of base-catalysed ring fission of a series of 

substituted ninhydrins (Scheme 62).277  

 

 
 

Scheme 62. Rearrangement of ninhydrin to give o-carboxymandelic acid. 

 

The results of studies on the synthesis and the photochemistry of some racemic N-(2-hydroxy-

1,3-dioxo-1,3-dihydro-2H-inden-2-yl)aryl/heteroarylamides 212 were reported by Kapoor et al. It 

was concluded that the inclusion of hydroxyl and aryl/heteroarylamidogroup at C-2 did not alter the 

course of the phototransformation, which still involved α-cleavage of the 2H-indene-1,3-dione 

moiety (Scheme 63).278 

 
 

Scheme 63. Photochemistry of N-(2-hydroxy-1,3-dioxo-1,3-dihydro-2H-inden-2-yl) 

aryl/heterylamides. 

 

While indane-l,2,3-trione 2 is conveniently prepared in quantitative yield by the azeotropic 

drying of ninhydrin using chlorobenzene as solvent,279 the photochemical reaction of ninhydrin in 

degassed alcoholic solutions also takes place via formation of 2 and affords 3-

alkoxycarbonylphthalides 214 as the major product together with 3-alkoxyphthalides 215 (Scheme 

64).280 The photochemistry of ninhydrin was shown to be dependent on the solvent281 and the 

photochemical reaction of ninhydrin derivatives in various solvents was investigated.282-283 In 

another study, it was found that indan-1,2,3-trione 2 undergoes photodecarbonylation rather 

efficiently to produce 216 and 217, which are in a photoequilibrium (Scheme 65).284  
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Scheme 64. Photochemical reaction of ninhydrin reported by Tatsugi. 

 

 
 

Scheme 65. Photodecarbonylation of indan-1,2,3-trione. 

 

Ninhydrin is a suitable substrate in the ruthenium-catalyzed intermolecular carbonylative 

[2+2+1] cycloaddition reaction with ethylene and CO to give the meso spirolactone 218 (Scheme 

66).285 The reaction takes place specifically at the central carbonyl group, which is expected to be 

more reactive than the terminal carbonyl groups. 



Review and Accounts  ARKIVOC 2015 (vi) 1-139 

Page 45 ©ARKAT-USA, In 

 
 

Scheme 66. Ruthenium-catalyzed reaction of ninhydrin with ethylene and CO. 

 

Kim and co-workers successfully prepared indenoindene-fused α-methylene-γ-butyrolactones 

224 via a tandem intra- and inter-molecular Friedel–Crafts reaction from a spiro-lactone 221, which 

is easily prepared from ninhydrin 1 by means of an indium-mediated Barbier reaction with 

cinnamyl bromide 219 (Scheme 67).286 Some products were obtained as single isomers. 

 

 
 

Scheme 67. Synthesis of indenoindene-fused α-methylene-γ-butyrolactones via a tandem Friedel–

Crafts reaction. 

 

Maghsoodlou’s group used aromatic ketones (11H-indeno[1,2-b]quinoxalin-11-one) 126 and 

dimethyl acetylenedicarboxylate (DMAD) 41 in the presence of N-heterocycles 225 such as 

pyridine, quinoline, and isoquinoline for the synthesis of a racemic mixture of spirolactone 

derivatives 226 (Scheme 68).287 
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Scheme 68. Synthesis of spirolactone derivatives from ketones (11H-indeno[1,2-b]quinoxalin-11- 

one), DMAD, and N-heterocycles. 

 

On stirring an equimolar mixture of 4-oxo-4H-chromene-3-carbaldehyde 94, ninhydrin 1 and 

cyclohexyl isocyanide 227 in CH2Cl2-MeOH (7:1) at room temperature, the synthesis of 

iminolactone 230 was investigated. Hydrolysis of the latter leads to the formation of racemic 

lactone 231 (Scheme 69).288 
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Scheme 69. Mechanism proposed to explain the synthesis of lactones from 4-oxo-4H-chromene-3- 

carbaldehyde, ninhydrin, and cyclohexyl isocyanide. 

 

In an attempt to study the photorearrangements of spiro-conjoined cyclohexa-2,5-dien-1-one 

236, compound 232 was chosen as a possible precursor, which is expected to afford cyclopropane 

compound 233 upon oxidation. The product has an intramolecular hemiacetal structure, 234, rather 

than the expected dihydroxyphenyl structure 233. Compound 234 was oxidized by potassium 

hexacyanoferrate (III), the product, however, was the ring-expanded lactone 235 (52%) and the 

spiro-conjoined cyclohexa-2,5-dien-1-one 236 (24%) (Scheme 70). When 237 was utilized as a 

precursor, the product was the benzofuran-condensed eight-membered lactone ring 239 (20%) 

(Scheme 71).289 
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Scheme 70. Synthesis of ring-expanded lactone from potassium hexacyanoferrate (III) oxidation 

reaction.  

 

 

Scheme 71. Synthesis of benzofuran-condensed eight-membered lactone ring. 
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3.2.2. Tetrahydro- and dihydrofurans. Tetrahydrofuran and dihydrofuran skeletons are important 

structural cores of many biologically relevant molecules.290-294 Naturally occurring furan-fused 

polycyclic compounds have been known to possess unique biological activities and interesting 

structural frameworks. Yavari and co-workers studied the reactions of ninhydrin 1 with 2 

equivalents of dialkyl acetylenedicarboxylates 41 in the presence of two equivalents of 

triphenylphosphine in dry acetone to afford C2-symmetric tetra- alkyl 2,5-dihydrofuro[2',3':2,3]-

indeno[2,1-b]furan-1,2,5,6- tetracarboxylates 240 as a racemate in excellent yields (Scheme 72).295 

This procedure provides an acceptable one-pot method to prepare axial symmetrical derivatives of 

ninhydrin. 

 

 
 

Scheme 72. Reaction of ninhydrin with DMAD in the presence of triphenylphosphine reported by 

Yavari. 

 

Recently, an effective route to functionalized 5H-spiro[furan-2,2'-indene]-1',3',5-triones 241 was 

also described by this group via the tandem reaction of primary amines, dialkyl 

acetylenedicarboxylates 41 and ninhydrin (Scheme 73).296 Presumably, the enamino-ester 

intermediate 50 is attacked by 1 to furnish the intermediate 242, which undergoes proton-transfer 

reaction to produce the imine derivative 243. This intermediate undergoes imine-enamine 

tautomerization to generate 51, which is converted to 241 by elimination of R2OH. This method 

also works well with secondary amines.297 Compound 241 is of meso form while 242 and 243 are 

racemates. 

Aliev and co-workers showed that when equivalent amounts of acetylpyruvic acid methyl ester 

63, ninhydrin 1, and methylamine are mixed in dioxane with brief heating, methylammonium 4-

acetyl-2,1',3'-trioxospiro[2,5-dihydrofuran-5,2'-indan]-3-olate 244 is formed (Scheme 74).298 
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Scheme 73. Mechanism that explains the tandem reaction of primary amines, DMAD, and 

ninhydrin. 

 

 
 

Scheme 74. Reaction of acetylpyruvic acid methyl ester, ninhydrin, and methylamine. 

 

The same group reported the interaction of methyl esters of acylpyruvic acids 245 with 

ninhydrin whilst stirring in a water–dioxane (9:1) mixture leading to meso 4-acyl-3-hydroxyspiro-

[2,5-dihydrofuran-5,2'-indan]-2,1',3'-triones 246 (Scheme 75).299 It was established that all the 

synthesized compounds exhibited weak antimicrobial activity with respect to standard strains of 

Staphylococcus aureus and Escherichia coli with MIC ranging from 500 to 1000 µg/ml. 
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Scheme 75. Water–dioxane mediated reaction of acylpyruvic acids with ninhydrin. 

 

Highly reactive 1:1 intermediates are produced in the reaction of Ph3P and dialkyl 

acetylenedicarboxylates 41. Protonation of these intermediates by alcohols leads to vinyltriphenyl 

phosphonium salts 247, followed by a Michael addition reaction with the conjugate base to produce 

the corresponding stabilized phosphonium ylides 248. Wittig reaction of the stabilized 

phosphonium ylides 248 with ninhydrin 1 produces densely functionalized 2H-indeno[2,1-b]furans 

250 as racemic mixtures (Scheme 76).300-302 

 
Scheme 76. Mechanistic explanation of the synthesis of densely functionalized 2H-indeno[2,1-b] 

furans. 
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Reaction of ninhydrin with 4-methylpyridazine or 4-methylquinoline gives access to 2-hydroxy-

2-heteroaryhethyl-13-indanediones 251, which on subsequent reaction with methyl(di)azines (with 

the methyl group in α-position to a ring nitrogen atom), results in the exclusive formation of novel 

compound 253. The latter appears to result from cyclisation of the intermediate 2,2'-dihydroxy-2,2'-

(heteroaryl)bis-1,3-indanediones 252 (Scheme 77).303 

 

 
 

Scheme 77. Mechanism that accounts for the formation of novel compound 253. 

 

3.2.3. Benzofurans and isobenzofurans. Benzofuran derivatives represent an important source of 

biologically active compounds which can be used to design and develop new potentially useful 

therapeutic agents.304-306 In addition, isobenzofurans are an important class of natural products 

possessing significant biological properties.307-309 Pramanik’s group used 2-hydroxy-2,2'-biindan-

1,1',3,3'-tetrone 254 in a condensation reaction with various phenols, polyhydroxy benzenes, and α- 

and β-naphthols 255 in an acid medium to produce 2-aryl/alkyl-2,2'-biindan-1,1',3,3'-tetrones 256. 
1H and 13C NMR spectra from adducts of 256, in the case of substrates such as resorcinol, orcinol, 

1,3,5-trihydroxybenzene and α- and β-naphthols, indicate that such derivatives prefer the 

intramolecular hemi-ketal form 257 (Scheme 78).310 It was observed that para- or meta-substituted 

phenols 204 condense with 254 in acid medium to furnish meso 2',4-spiro(1',3'-indanedione)-

indeno[3,2-b]chromenes 260 in fairly good yields (Scheme 79).310 Application of various enolic 

compounds such as acetylacetone, ethyl and methyl acetoacetate in condensation with 254 in acetic 

acid medium was also investigated.311  
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Scheme 78. Synthesis of 2-aryl/alkyl-2,2'-biindan-1,1',3,3'-tetrones in hemi-ketal forms. 

 

 
 

Scheme 79. Condensation of para- or meta-substituted phenols with 2-hydroxy-2,2'- biindane-

1,1',3,3'-tetrone to prepare 2',4-spiro(1',3'-indanedione)-indeno[3,2-b]chromenes. 



Review and Accounts  ARKIVOC 2015 (vi) 1-139 

Page 54 ©ARKAT-USA, In 

Synthesis of alkylated compounds at the hemiketal part of ninhydrin-phenol adducts was 

selectively achieved by using an iodine-alcohol system (Scheme 80).312 Recently, this reaction was 

performed for an extended time to prepare various substituted 3H,3'H-spiro[benzofuran-2,1'- 

isobenzofuran]-3,3'-diones 263 (racemic) showing preferential inhibition of influenza virus type B 

over type A.307 

 

 
 

Scheme 80. Mechanism proposed to explain the Synthesis of alkylated compounds at the hemiketal 

part of ninhydrin-phenol adducts. 

 

It was reported that when Pb(OAc)4 was added to a mixture of benzylamine 156, alkyl 

propiolates 47, and ninhydrin 1, the corresponding diasteriomereric isobenzofurans 265 are 

achieved in excellent yields (Scheme 81).313 The 1H NMR spectrum of products 265 indicated a 

mixture of two diastereoisomeric (E)- and (Z)-compounds. 
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Scheme 81. Pb(OAc)4 mediated reaction of benzylamine, alkyl propiolates, and ninhydrin. 

 

Kim and co-workers reported the reaction of ninhydrin 1 and 1,3-cyclohexane dione 74 in 

iodine and methanol leading to the aromatization of the 1,3-cyclohexane ring, with both products 

267 and 268 being isolated (Scheme 82).314 In a similar study, Mehdi’s group reported this reaction 

in glacial acetic acid on simple heating for 15 min. The compound showed potential antimicrobial 

activity comparable to that of clinically used antimicrobial agents against selected microorganisms. 

It also exhibited selective and moderate inhibitory activity of the butyryl cholinesterase enzyme.315 

 

 

Scheme 82. The reaction of ninhydrin and 1,3-cyclohexane dione in iodine and methanol. 
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In 2011, Campagna and co-workers explored the reactivity of several hydroxyarenes 269 with 

ninhydrin in a 1:1 molar ratio using AcOH as both the solvent and the catalyst at 60 °C (Scheme 

83).316 Mono-, 1,3-di-, and 1,3,5-trihydroxyarenes [phenol 269d, resorcinol 269c, and 

phloroglucinol 269a] were used as hydroxyarenes and as expected, the reaction rate rose with 

increasing electron density of the arene. 

 

 
 

Scheme 83. AcOH-mediated reaction of hydroxyarenes with ninhydrin. 

 

 
 

Scheme 84. Synthesis of a new bowl-shaped compound reported by Kim. 

 

Kim’s group used an innovative strategy to synthesize a new bowl-shaped compound 272 in 

excellent yield by a simple one-pot reaction from the reaction of three ninhydrin molecules with one 
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molecule of phloroglucinol 269a in acetic acid (Scheme 84).317 Later, the effectiveness of Kim’s 

synthetic route for other vicinal polycarbonyl compounds, with the goal of producing similar 

molecular containers, was studied.318 In this regard, a scissors-shaped compound, 2,2-bis(4-

hydroxy-3-phenylphenyl)-1H-indene-1,3(2H)-dione 273 (Figure 3) was prepared as a new host 

species for crystalline host-guest complexes, and afforded complexes of 1:1 host-to-guest ratio with 

acetone, EtOH, and CH2Cl2, and a 2:3 complex with benzene.319 

 

 
 

Figure 3. Structure of compound 273. 

 

According to the procedure described by Das et al., refluxing 206 in ethylene glycol with a 

catalytic amount of triethylamine affords benzofuroisocoumarins 274 (Scheme 85).320 

 

 
 

Scheme 85. Synthesis of benzofuroisocoumarins reported by Pramanik. 

 

It is noteworthy that ninhydrin produces 2,2-diaryl-1,3-indanediones 275 during the reaction of 

hydroxyalkylation in H2SO4 media, while 2,2-diaryl-1,3-indanediones 275 are not stable in the 



Review and Accounts  ARKIVOC 2015 (vi) 1-139 

Page 58 ©ARKAT-USA, In 

presence of trifluoromethanesulfonic acid (TFSA) due to isomerization to 3-

(diarylmethylene)isobenzofuranones 277.321-322 It was suggested that the difference between sulfuric 

acid and TFSA is the ability of TFSA to generate a diprotonated reactive intermediate 276, which is 

then transformed into isomerization product 277. The mechanism proposed for the conversion of 1 

to 277 is described in Scheme 86. Reflux of 275 in ethylene glycol with a catalytic amount of 

triethylamine also afforded 277 in very good yields.323 

 

 
 

Scheme 86. Mechanistic explanation of the isomerization of 2,2-diaryl-1,3-indanediones to 3-

(diarylmethylene)isobenzofuranones. 

 

In related studies, it was found that 275 on stirring with ethylenediamine323-324 or 

phenylmagnesium bromide325 furnished the products diarylmethanes and 1,1-diphenyl-3-

diphenylmethylenedihydroisobenzofuran 279, respectively (Scheme 87).  
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Scheme 87. Reaction of ethylenediamine or phenylmagnesium bromide with 275. 

 

It was found that acetoacetanilide 280 undergoes heterocyclization to indenofuran 281 or 

indenopyrrole 282 upon treatment with ninhydrin under two different conditions: stirring in ethanol 

at room temperature, and refluxing ethanol, respectively (Scheme 88).326 The milder reaction 

provided better yield. 

 

 
 

Scheme 88. Synthesis of indenofuran or indenopyrrole from acetoacetanilide and ninhydrin. 

 

3.2.4. Dioxolanes. Dioxolans are attracting a growing interest due to their use as precursors to a 

variety of synthetic targets.327 Dioxolane nucleus is also a prominent structural motif found in 

synthetic compounds with vital medicinal value.328-330 In 1985, Yalpani and Wilke reported that the 

products formed in the reaction of ninhydrin with silylating agents varied depending on the 

silylating agent used.331 Thereafter, in another strategy, treatment of ninhydrin 1 with 
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chlorotrialkylsilane allows for access to a racemic silylated ninhydrin dimer 284 accompanied with 

bis(trialkylsilyloxy) derivatives 283 (Scheme 89).332  

 

 
 

Scheme 89. Synthesis of silylated ninhydrin dimer and bis(trialkylsilyloxy) derivatives. 

 

Shaabani and co-workers investigated the reaction of isocyanides 285 with two equivalent of 

ninhydrin 1 under refluxing conditions in chloroform to give Cs symmetry (meso) dispiro 

iminodioxolanes 286 in fairly high yields.333 A possible mechanism was proposed by them and is 

presented in Scheme 90. 

 

 
 

Scheme 90. Mechanism proposed to explain the reaction of isocyanides with two equivalent of 

ninhydrin. 

 

Spiro compounds 287 were obtained from the reaction of 1 with 2-bromoethanol and 3-

bromopropanol 6, respectively (Scheme 91).266 
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Scheme 91. Reaction of ninhydrin with 2-bromoethanol and 3-bromopropanol. 

 

Investigations by Butenschon and co-workers showed that ninhydrin is interchangeably 

converted to either ketal intermediates 288 or 287, of which both are leading to 1,2,3-

tris(ethylenedioxy)indane 289, the route via 287 giving higher yield (Scheme 92).334 In a related 

study, they found that the photolytic decarbonylation of 288 occurs smoothly during irradiation to 

give 290. Deprotection of 290 results in the formation of 1,2-dioxobenzocyclobutene 291 in 

quantitative yield (Scheme 93).335 

 

 
 

Scheme 92. Synthetic routes to tris(ethylenedioxy)indane. 

 

 
 

Scheme 93. Synthesis of 1,2-dioxobenzocyclobutene. 
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More recently, the same group described irradiation of 1,3-bis(ethylenedioxy)-2-indanone 288 

with a number of dienophiles, such as dimethyl fumarate/ propenal/ butenone/ dimethyl 

butynedioate/ maleic anhydride/ acrylonitrile, which results in the formation of cycloadducts 292-

298 (Scheme 94).336 

 

 
 

Scheme 94. Irradiation of 1,3-bis(ethylenedioxy)-2-indanone with a number of dienophiles to form 

various cycloadducts. 

 

3.3. S-Heterocyclic compounds 

3.3.1. Thiophenes. Nowadays thiophene derivatives in combination with other ring systems have 

been extensively used in pharmaceutical applications such as anti-allergic,337 analgesic,338 anti-

inflammatory,339 antibacterial42 and ocular hypotensive activities.340 The reaction of ninhydrin 1 

with benzo[b]thiophene 299 in acetic acid, in the presence of a small amount of sulfuric acid as a 

catalyst, afforded a novel fluorenone compound fused to benzo[b]thiophene rings 303 (Scheme 

95).341 
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Scheme 95. Mechanism that explains the catalytic synthesis of fluorenone compound fused to 

benzo[b]thiophene rings. 

 

Harrison et al. found that a mixture of thiophene in aqueous sulfuric acid (75% v/v) and 

ninhydrin produces low yields of three products (304, 306 and 307): firstly, the typical reaction of a 

ketone with thiophene produces the dithienyldiketone 304 (minor observed product, 0.8%), which 

experiences acid-induced rearrangement to the diastereomeric diol intermediate 305. Secondary, the 

dehydration of this yields the pentacyclic ketone 306 (0.5%), and the third, the major product is the 

tetraketone 307 (7%) (Scheme 96).342 
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Scheme 96. Reaction of a mixture of thiophene and ninhydrin reported by Musgrave. 

 

3.4. N,O-Heterocyclic compounds 

3.4.1. Oxazolidines. The chemistry of oxazolidine and its derivatives has received considerable 

attention owing to their synthetic and biological importance.343 The oxazolidine moiety has been 

incorporated into a wide variety of therapeutically interesting compounds that have antibacterial,344-

345 anti-inflammatory346 and anti-mycobacterial activities.347 Mohammadizadeh and Firoozi reported 

a one-pot procedure involving the addition of lead tetraacetate to a mixture of ninhydrin 1 and urea 

191 for the synthesis of racemic spiroisoindoline-1,5'-oxazolidine derivatives 308 (Scheme 97).348 

 
 

Scheme 97. Mechanism that accounts for the formation of spiroisoindoline-1,5'-oxazolidines. 
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3.5. N,S-Heterocyclic compounds 

3.5.1. Thiazolidines. Thiazolidines and their derivatives are found to be associated with various 

biological activities such as anti-inflammatory,349 antibacterial350 and anti-HIV activities.351 The 

thiazolidine ring has been also used as scaffold to develop novel class of anticancer agents with a 

broad spectrum of cytotoxicity against many human cancer cells.352-354 While all α-amino acids, 

with the exception of cysteine and related compounds, react with ninhydrin to give Ruhemann's 

purple, in 1951, Kuhn and Hammer were the first group to report the anomalous behaviour of 

cysteine 309 in terms of preferential formation of a colourless condensation product, proposing 310 

(Scheme 98).355 Later on, Prota and Ponsiglione examined the chemical and spectroscopic evidence, 

leading to the conclusion that product has in fact the meso isomeric spirane structure 311.356 

 

 
 

Scheme 98. Condensation of cysteine with ninhydrin. 

 

Spirocyclization of D-penicillamine 312 with ninhydrin to form the spirothiazolidine compound 

1,3-dioxo-4'-carboxy-5',5'-dimethylspiro[indane-2,2'-thiazolidine] 313 was studied (Scheme 99).357 

Using the D-penicillamine archetype 312, attachment of this compound via a disulfide bond onto 

thiol-reactive solid prior to the reaction with ninhydrin allowed for spectrophotometrical monitoring 

of the supernatant at 570 nm. In this regard, Sotgia and co-workers developed a new HPLC method 

by fluorescence or UV/vis absorbance detection to separate and quantify penicillamine 

stereoisomers after their spirocyclization with ninhydrin.358-359 

 

 
 

Scheme 99. Spirocyclization of D-penicillamine with ninhydrin reported by Rojanarata. 
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Very recently, a powerful chemo-/regioselective synthesis of oxathiaza[3.3.3]propellane 

derivatives 314 was achieved by means of a sequential four-component reaction involving 

ninhydrin 1, malononitrile, primary amines, and aryl isothiocyanates 196 (Scheme 100).360 

 

 
 

Scheme 100. Four-component synthesis of oxathiaza[3.3.3]propellanes from ninhydrin, 

malononitrile, primary amines, and aryl isothiocyanates. 

 

 

4. Synthesis of Six-membered Heterocycles 

 

In the previous section, we summarized the use of ninhydrin for the synthesis of five-membered 

heterocycles. This section describes examples of successful application of ninhydrin in the synthesis 

of various six-membered heterocycles. Pyridines, pyrimidines, pyrazines, quinoxalines, 

tetrahydroquinolines, triazines, pyrans, dioxanes, oxazines, and oxathianes are among the 

heterocyclic scaffolds that are presented in this section. 

 

4.1. N-Heterocyclic compounds 

4.1.1. Pyridines and piperidines. Pyridines are among the most frequently cited heterocyclic 

compounds. The pyridine structure is found in various therapeutic agents, including anti-malarial,361 

anti-osteoporotic,362 anti-inflammatory,363 anticancer,364-365 antifungal366 and other pharmaceutical 

compounds. Additionally, the piperidines and their analogues are important heterocycles that are 

present in many naturally occurring alkaloids367-368 and biologically active synthetic molecules.369-

370 An efficient synthetic procedure for functionalized heterocyclic[3.3.3]propellanes 315 was 

successfully developed via a one-pot domino reaction of ninhydrin 1, malononitrile with 3-

arylamino-2-cyclohexenones and their 5,5-dimethyl derivatives 75 in the presence of triethylamine 

in ethanol at room temperature (Scheme 101).371 In the same report, a similar one-pot reaction using 

3-arylamino-2-cyclopentenones 316 resulted in the functionalized spiro[cyclopenta[b]pyridine-4,2'-

indenes] 317 (Scheme 102). 
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Scheme 101. Three-component synthesis of functionalized heterocyclic[3.3.3]propellanes. 

 

 
 

Scheme 102. Three-component synthesis of functionalized spiro[cyclopenta[b]pyridine- 4,2'-

indenes]. 

 

In an analogous way, the reaction of 1 with m-toluidine 318, malononitrile, and DMAD 41 

yielded the spiro compound 319 in 77% yield (Scheme 103).372 

 

 
 

Scheme 103. Four-component reaction of ninhydrin, m-toluidine, DMAD, and malononitrile. 



Review and Accounts  ARKIVOC 2015 (vi) 1-139 

Page 68 ©ARKAT-USA, In 

The reactivity pattern of 2 moles of 6-amino-1,3-dimethyluracil 80 with ninhydrin 1 in ethanol 

at reflux temperature, as well as under microwave-assisted conditions in the solid state, was 

investigated.373 The reaction was found to proceed in a smooth manner, providing spiro 

pyridodipyrimidines 320 in good yields (Scheme 104).  

 
 

Scheme 104. Reaction of 2 moles of 6-amino-1,3-dimethyluracil with ninhydrin. 

 

Condensation of ninhydrin 1, alkyl cyanoacetates 321 and 6-aminouracil derivatives 80 in 

refluxed ethanol facilitates the straight forward synthesis of pyrido[2,3-d]pyrimidine(1H,3H) -2,4-

diones 324 in excellent yields (Scheme 105).374 The reaction occurs via initial formation of alkyl 

cyano(1,3-dioxoindan-2-ylidene)acetate 322. The latter is the condensation product of ninhydrin 

and alkyl cyanoacetate, which suffers nucleophilic attack by 80, followed by the loss of hydrogen 

cyanide to give aminoketone intermediate 323. The intermediate 323 then experiences cyclization to 

afford the product 324. 

 

 
 

Scheme 105. Mechanism proposed for the synthesis of pyrido[2,3-d]pyrimidine(1H,3H)-2,4-diones. 
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A one-pot and pseudo four-component synthesis of spiro-diindenopyridines 325 through the 

reaction of 1,3-indanedione 14 and ammonium acetate with ninhydrin was reported by Bazgir and 

co-workers (Scheme 106).375 

 
 

Scheme 106. Pseudo four-component synthesis of spiro-diindeno-pyridines. 

 

In 1992, Neuzil and co-workers provided the biologically interesting yohimbanones 332, 

members of the Rauwolfia alkaloid family, directly from tryptophan 326a and ninhydrin.376 In 2003, 

in investigations by Joullie and co-workers, L-tryptophan methyl ester 326b was subjected to the 

same reaction conditions. This reaction resulted in the isolation of intermediate 330 and its 

subsequent conversion to the yohimbane skeleton, which suggests that the reaction proceeds 

through a Pictet–Spengler mechanism, followed by an acid-mediated rearrangement (Scheme 

107).377 

 

 
 

Scheme 107. Mechanism that explains the synthesis of yohimbane skeletons. 

 

In another scenario, Leonard’s group showed that yohimbanone 333 experiences oxidative ring 

cleavage in the presence of cupric acetate to provide a 1,3-disubstituted β-carboline 334 (Scheme 

108).378 
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Scheme 108. Oxidative rearrangement of yohimbanone. 

 

Similarly, tryptamine 335, or its substituted derivative, was exposed to ninhydrin in refluxing 

EtOH/H2O to obtain analogues of rutaecarpine 336 (Scheme 109).379 Rutaecarpine 337 is one of the 

major quinazolinocarboline alkaloidal components in Evodiae Fructus, also known as ‘Wu-Chu-

Yu’, which has been prescribed for treating hypertension in traditional Chinese medicine. 

 

 
 

Scheme 109. Reaction of ninhydrin with tryptamine. 

 

Total synthesis of an analog of ochrobirine 343 as an alkaloid possessing a spiro-structure was 

investigated by Manske and Ahmed (Scheme 110).380 Homopiperonylamine 338 was treated with 

ninhydrin to afford 339 in 86% yield. The free amine was converted to the N-methylamine 340 

when refluxed in an aqueous mixture of formic acid and formaldehyde. Sodium borohydride 

reduction of 340 gave a mixture of 341 and 342 in the ratio 1:2. Several attempts to separate 342 

from 341 on thin-layer chromatography over silica or alumina using different solvent systems were 

unsuccessful. Later, Yu and MacLean used this procedure with 3,4-dimethoxyphenylethylamine and 

ninhydrin, immersing the flask in an ice-water bath.381 
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Scheme 110. Mechanism proposed to explain the synthesis of analog of ochrobirine. 

 

4.1.2. Pyrimidines. Pyrimidines are an integral part of DNA and RNA and exhibit diverse 

pharmacological properties such as antibacterial,382 antifungal383 and antiviral activities.384 Certain 

pyrimidines and annulated pyrimidine derivatives are also known to display anticancer,385-386 anti-

malarial,387 antileishmanial388 and antifilarial activities.389 Recently, novel ninhydrin–creatinine 

heterocyclic condensation products 345–347 were synthesized with different solvent systems 

(Scheme 111).390 It was observed that in polar solvents, such as acetic acid or water, the reaction of 

ninhydrin 1 with creatinine 344 yields the initial condensation product 345 which is then converted 

into 346. However, when this reaction was carried out in a less polar and aprotic solvent, such as 

benzene, the addition product 347 was formed. 

 

 
Scheme 111. Synthesis of ninhydrin–creatinine heterocyclic condensation products. 
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Spiro pyrimidinone scaffolds 349 were synthesized from the reaction of ninhydrin, barbituric 

acid 348 and urea or guanidine 347 (Scheme 112).391 The scope of the reaction was successfully 

extended by employing a different 1,3-dione (1,3-indanedione) instead of barbituric acid to afford 

spiro product 350. 

 

 
 

Scheme 112. Three-component synthesis of spiro pyrimidineones from ninhydrin, barbituric acid, 

and urea or guanidine. 

 

4.1.3. Piperazines and piperazinones. Piperazines are useful synthetic intermediates that are also 

important structural elements present in a number of investigational and established drugs.392-394 

Additionally, the piperazinone ring has proven to be a valuable scaffold for the construction of 

biologically active molecules.395-396 In 1978 Schönberg et al. reported the reaction of piperazine 351 

with 1, which furnishes the hemiaminal 352 (Scheme 113).266 

 

 
 

Scheme 113. The reaction of piperazine with ninhydrin. 

 

In 1988, preparation of symmetrical bis-ylidene derivatives of piperazine-2,5-dione was 

achieved by condensation of 1,4-diacetylpiperazine-2,5-dione 353 with ninhydrin to give the bis-

derivative 354 (Scheme 114).397 
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Scheme 114. Condensation of 1,4-diacetylpiperazine-2,5-dione with ninhydrin. 

 

4.1.4. Pyrazines. Pyrazine has been paid great attention, because the diazine rings form an 

important class of compounds presented in several natural and synthetic compounds.398-399 Pyrazine 

derivatives have been widely used in the fields of medicinal chemistry for the skeleton of 

biologically active sites.400-401 Condensation of ninhydrin and ortho-diamino-containing 

oligothiophene 355 was investigated as a model compound to design the incorporation of ortho-

diamino-containing oligothiophene into the fullerene π-system to synthesize highly light-absorbing 

fullerene materials 357 (Scheme 115).402 

 

 

 
 

Scheme 115. Condensation of ninhydrin with ortho-diamino-containing oligothiophene. 
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The reaction of 1,2-bishydroxylamines 358 with ninhydrin 1 to synthesize functional derivatives 

of condensed dihydroindeno[1,2-b]pyrazine N,N'-dioxides 360 was investigated by Volodarsky and 

co-workers (Scheme 116).403 In a related study, the same group found that the reaction of 1,2-

bis(methoxyamino)cycloalkanes 359 with ninhydrin affords the stable N,N'-dimethoxypiperazine 

361 as a racemic mixture.404 

 

 
Scheme 116. The reaction of 1,2-bishydroxylamines with ninhydrin. 

 

Several new benzimidazole based polycyclic compounds of potential pharmaceutical interest 

were prepared, starting from 2-cyanomethylbenzimidazole 362 and ninhydrin 1. 2-Cyano-2-(1,3-

dioxo-2-indenylidene) benzimidazole 363 was then treated with bidentate reagents such as 

hydrazines and 5-amino-1H-3-methylsulfanylpyrazole-4-carbonitrile 367. The two hydrogen atoms 

of pyrazole and imidazole rings of 364 were released when reacted with each of α-bromo 

compounds 365, yielding pyrazine derivatives 366 (Scheme 117).405 Reaction of 5-amino-1H-3-

methylsulfanylpyrazole-4-carbonitrile 367 with compound 363 along with annulation of the 

pyrimidine ring afforded pyrazole derivatives indenopyrimidopyrazole 368 which was simply 

converted to the corresponding new polycyclic pyrazole derivative 369. 
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Scheme 117. Synthesis of pyrazine derivatives from ninhydrin and 2-cyanomethylbenzimidazole. 

 

Schiff’s base derived from the condensation of ninhydrin with diaminomaleonitrile 370 as a 

colorimetric probe for the selective determination of Hg2+ and CH3COO-/F- in ethanol-water as well 

as in aqueous solution, was also investigated (Scheme 118).406 This is the first report of a 

colorimetric sensor derived from ninhydrin for the detection of ionic analytes. 
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Scheme 118. Condensation of ninhydrin with diaminomaleonitrile. 

 

A multicomponent domino Knoevenagel condensation/ 1,3-dipolar cycloaddition reaction of 

ninhydrin 1, malononitrile and sodium azide in water without assistance of any catalyst was 

reported by Bazgir and co-workers (Scheme 119).407 Similarly, they used diaminomaleonitrile 370 

instead of malononitrile in this reaction to obtain the corresponding product 373 in 89% yield 

(Scheme 120).408 

 

 
 

Scheme 119. Three-component reaction of ninhydrin, malononitrile, and sodium azide. 

 

 
 

Scheme 120. Three-component reaction of ninhydrin, diaminomaleonitrile, and sodium azide. 

 

4.1.5. Quinoxalines. Quinoxaline derivatives are of significant interest as they are noteworthy 

intermediates for the manufacturing of pharmaceuticals409 and advanced materials.410-411 

Quinoxalines are very important compounds due to their wide spectrum of biological activities such 

as anticancer,412-413 antibacterial414 and activity as kinase inhibitors.415 It was reported that the 
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reaction of 2,3-diamino-1,4-naphthoquinone 374 with ninhydrin in warm aqueous acetic acid yields 

11H-benzo[g]indeno[1,2-b]quinoxaline- 6,11,13-trione 375 in 90% yield (Scheme 121).416 

 

 
 

Scheme 121. The reaction of 2,3-diamino-1,4-naphthoquinone with ninhydrin. 

 

A solid-state cascade reaction of ninhydrin with o-phenylenediamines 1172,417-418 was studied by 

Kaupp and co-workers (Scheme 122).419 The yields were quantitative and the solid state reaction 

gave pure crystalline products just by milling stoichiometric mixtures of the crystalline reagents. 

1,2-Diamines reacted with ninhydrin to form indenoquinoxaline ketones 126. Bismuth(III) triflate420 

and polyaniline-sulfate salt421 were also used as catalytic systems in these reactions. Two patents 

used 9-oxo-9H-indeno[1,2-b]pyrazine-2,3-dicarbonitrile 379 to synthesize cyano-pyrazine 

derivatives, and used it as a medicament to inhibit one or more cysteine proteases,422 as well as a 

material for an organic electroluminescence device.423 

 

 
 

Scheme 122. Mechanism proposed to explain the synthesis of indenoquinoxaline ketones. 
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The condensation of ortho-aminophenols and N-benzylsulfonyl-o-phenylenediamine 380 with 

ninhydrin 1 affords tetracyclic products 381, proceeding via a condensation reaction between the 

amino and the carbonyl group at position 1 of ninhydrin (Scheme 123).424-425 

 

 
 

Scheme 123. The condensation of ortho-aminophenols and N-benzylsulfonyl-o-phenylenediamine 

with ninhydrin. 

 

1,2,4,5-Benzenetetramine tetrahydrochloride 382 was used in the reaction with ninhydrin to 

give the corresponding products 383-386 (Scheme 124).426 These derivatives were investigated as a 

material for an organic electroluminescence device. 

 

 
 

Scheme 124. Reaction of 1,2,4,5-benzenetetramine tetrahydrochloride with ninhydrin. 

 

Condensation of ninhydrin with the precursor diamine compounds (2,3-diaminophenazines) 387 

in dilute acetic acid results in the formation of indeno-pyrazino-dipyrido-phenazines 388 (Scheme 
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125).427-429 Thereafter, complexes 389 and 390 were obtained by direct reaction of the ligand with 

the appropriate mole ratios of the precursor complexes in ethylene glycol. 

 

 
 

Scheme 125. Condensation of ninhydrin with the precursor diamine compounds (2,3-

diaminophenazines). 

 

Azizian and co-workers used (alkoxycarbonylmethyl)triphenylphosphonium bromides in the 

three-component synthesis of alkyl indeno[1,2-b]quinoxalin-11-ylideneacetates 391 in water430 and 

under solvent free conditions (Scheme 126).431 It is well known that quinoxaline 126 is formed from 

the condensation of ninhydrin 1 with 1,2-phenylenediamine 117, and a subsequent Wittig reaction 

of the ylide with quinoxaline 126 produces new adducts 391. 

The same authors also described the synthesis of racemic 11-(1H-pyrrol-1-yl)-11H- indeno[1,2-

b] quinoxaline derivatives 392432 and 2-(indenoquinoxalin- 11-ylidene) malononitrile derivatives 

393433 via the three-component condensation of ninhydrin 1 and 1,2-phenylenediamines 117 with 4-

hydroxyproline or malononitrile, respectively (Scheme 127). 

 



Review and Accounts  ARKIVOC 2015 (vi) 1-139 

Page 80 ©ARKAT-USA, In 

 
 

Scheme 126. Mechanistic explanation of three-component synthesis of alkyl indeno[1,2-

b]quinoxalin-11-ylideneacetates. 

 

 

 
 

Scheme 127. Three-component condensation of ninhydrin and 1,2-phenylenediamines with 4-

hydroxyproline or malononitrile. 

 

The receptors 396a-b were synthesized in three steps by means of a simple Schiff base 

condensation reaction. In first step, a quinoxaline derivative of ninhydrin (compound 126) was 

prepared using a Schiff base condensation reaction between ninhydrin and 1,2-phenylenediamine 

117, as depicted in Scheme 128. Compound 395 is then synthesized via a Schiff base condensation 

reaction between either 2-hydroxybenzaldehyde (for receptor 396a) or 2-hydroxy-5-

nitrobenzaldehyde (for receptor 396b), and hydrazine hydrate.434 The receptors exhibit high 

sensitivity and selectivity towards Cu2+ in aqueous medium. 

 



Review and Accounts  ARKIVOC 2015 (vi) 1-139 

Page 81 ©ARKAT-USA, In 

 
 

Scheme 128. Mechanism that accounts for the formation of the corresponding receptors. 

 

The reaction of ninhydrin with 1,2-phenylenediamine and indole derivatives was reported to 

furnish meso bisindolylindeno[1,2-b]quinoxalines 397 in the presence of montmorillonite K-10 

catalyst (Scheme 129).435 

 

 
 

Scheme 129. Synthesis of bisindolylindeno[1,2-b]quinoxalines from ninhydrin, ,2-

phenylenediamine, and indole derivatives. 

 

1,2-Phenylenediamine 117 was reacted with ninhydrin 1 and acetic anhydride to afford 

biindeno[1,2-b]quinoxaline 399 (Scheme 130).436 This compound was screened for its anticancer, 

antimicrobial, and cholinesterase enzymes inhibitory activities. It exhibited good anticancer and 

antibacterial and anticandida activities comparable to that of clinically used antifungal agent, 

amphotericin B. Compound 399 was also found to have highly selective inhibitory activity against 

acetylcholinesterase with moderate inhibitory activity against butyrylcholinesterase. 
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Scheme 130. Synthesis of biindeno[1,2-b]quinoxaline from ninhydrin, acetic anhydride, and 1,2-

phenylenediamine. 

 

4.1.6. Phthalazinones. Phthalazinones are an important class of heterocycles with diverse 

biological activities like vasorelaxant activity,437 phosphodiesterase inhibitors,438 inhibitor of 

Poly(ADP-ribose),439 or protein kinase inhibitors.440 The synthesis of biologically important 

phthalazinones was reported by Pramanik and co-workers. Starting from ninhydrin, acid catalyzed 

condensation produces the adduct 401, which is subsequently refluxed with para substituted phenols 

204 in acetic acid. This second condensation produces the meso adduct 402 in very good yields; the 

adducts that form prefer the cyclic hemiketal form 403. Finally, when adducts 403 are stirred in 

hydrazine hydrate at room temperature for 22–30 h, the products 404 (racemic) are formed and 

display significant antibacterial activities (Scheme 131).441  

A convenient method for preparing 4-diarylmethyl-1-(2H)-phthalazinones 405 and 407 was 

reported, starting from easily prepared 2,2-diaryl-1,3-indanediones such as 275 and 406. It was 

found that 2,2-diaryl-1,3-indanediones react with hydrazine hydrate (99%) under refluxing 

conditions to give 4-diarylmethyl-1-(2H)phthalazinones 405 and 407 in very high yields (Scheme 

132).442-443 Other report also shows the possibility of using 2-hydroxy-2,2'-biindan-1,1',3,3'-tetrone 

254 in this reaction which results in the formation of 1-aryl-1,2-di[3,4-dihydro-4-oxophthalazin-1-yl] 

ethanes 408.444 
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Scheme 131. Mechanistic explanation of the synthesis of phthalazinone derivatives. 

 

 
 

Scheme 132. Synthesis of 4-diarylmethyl-1-(2H)-phthalazinones from ninhydrin. 

 

4.1.7. Tetrahydroquinolines. Tetrahydroquinoline moiety is an important structural feature of 

various natural products and pharmaceutical agents that have exhibited a broad range of biological 
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activities.445-448 Substituted tetrahydroquinolines are the core structures in many important 

pharmacological agents and drug molecules such as antitubercular agents449 and anticancer drugs.450 

Spiro 1H-indeno[1,2-b]benzo[f]quinoline 410 was isolated via a one-pot three-component reaction 

of ninhydrin 1, 1,3-indanedione 14, and naphthalene-2-amine 409 in aqueous medium, with the aid 

of p-toluenesulfonic acid (p-TSA) as the catalyst (Scheme 133).451 Later, this reaction was carried 

out by the same group in ionic liquid N,N,N,N-tetramethylguanidinium triflate (TMGTf).
452 The 

ionic liquid served both as solvent and catalyst. 

 

Scheme 133. Three-component synthesis of spiro 1H-indeno[1,2-b]benzo[f]quinoline from 

ninhydrin, 1,3-indanedione, and naphthalene-2-amine. 

 

Synthesis of a series of novel tetrahydroquinoline annulated heterocycles 413 was accomplished 

via a one-pot reaction of ninhydrin 1, p-bromoaniline 412, and dihydropyran 411 in the presence of 

indium trichloride as a catalyst and acetonitrile as solvent (Scheme 134).453 Compound 413 was 

evaluated for its antibacterial activity and exhibited promising antibacterial activity against 

microorganisms. It inhibited the growth of the pathogens particularly P. aeruginosa. 

 

Scheme 134. Three-component synthesis of tetrahydroquinoline annulated heterocycles from 

ninhydrin, p-bromo aniline, and dihydropyran. 

 

4.1.8. Isoquinolines. Isoquinolines, a type of alkaloids widely existing in materials used in 

traditional Chinese medicine,454 exhibit a variety of biological activities especially inhibition of 

cellular proliferation455 and cancer development.456-457 The reaction of phenylethylamines 414 with 
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ninhydrin was investigated, with the expectation of one α-amidoalkylation to the corresponding 

spirobenzyltetrahydroisoquinolines 415.458 However, when 3,4-dimethoxyphenylethylamine (R1 = 

OMe, R2 = H) was used as a reactant, the Pictet–Spengler intermediate 415 was not isolated, and 

theoxyprotoberberine 416 was directly obtained. Upon treatment with cupric acetate, the actual 

product isolated was oxyprotoberberine 417 (Scheme 135).459 

 

 
 

Scheme 135. Mechanism proposed for the reaction of phenylethylamines with ninhydrin. 

 

Ninhydrin experiences an azido-Schmidt reaction with trimethylsilyl azide (TMSN3) in the 

presence of FeCl3 under extremely mild conditions to provide isoquinoline-1,3,4-(2H)-trione 418 in 

good yield (Scheme 136).460 

 
 

Scheme 136. The azido-Schmidt reaction of ninhydrin with trimethylsilyl azide. 

 

4.1.9. Pyridazines. Pyridazines are an important class of heterocycles, which have been the subject 

of extensive research, particularly in the pharmaceutical and agrochemical areas due to their broad-

activities such as antimicrobial,461 antihypertensive,462 anti-inflammatory,463-464 and anticancer 

activities.465 The reaction of ninhydrin with acetaldehyde and ketones followed by the addition of 

hydrazine hydrate to give the corresponding 3-substituted 5H-indeno[1,2-c]-pyridazin-5-ones 420 

was reported (Scheme 137).466 For example, employment of 3-acetylcoumarins 421 in this reaction 
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with ninhydrin was investigated.467 It was found that a large series of 5H-indeno[1,2-c] -pyridazin-

5-ones 420 were shown to be competitive, reversible monoamine oxidase-A (MAO) inhibitors, with 

a relatively high selectivity for MAO-B.468 

 

 
 

Scheme 137. Synthesis of 5H-indeno[1,2-c] -pyridazin-5-ones from ninhydrin and acetaldehyde or 

ketones. 

 

Aminoantipyrin 422 condenses quantitatively with ninhydrin at room temperature in the solid-

state to give product 423 in 100% yield. The ball-milling reaction of ninhydrin with 

cyanoacetohydrazide affords only the corresponding azomethine 424 in quantitative yield, which 

then cyclizes when refluxed in ethanol containing drops of triethylamine to give the corresponding 

indeno[2,1-c]pyridazine derivative 425 (Scheme 138).469 

 

 
Scheme 138. Condensation of ninhydrin with aminoantipyrin and cyanoacetohydrazide. 
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Scheme 139. Mechanistic explanation of the synthesis of a diaza-analogue of fluorenone and 

spirobifluorene. 
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The effective synthesis of a diaza-analogue of fluorenone and spirobifluorene with a N=N bond 

is achieved form the reaction of ninhydrin and the corresponding arene acetyl derivatives (Scheme 

139).470-471 The Grignard reagent 427, prepared in situ from 2-bromobiphenyl 426 and Mg in THF, 

is then reacted with fluorenone 428 to form the tertiary fluoren-9-ol, which cyclizes with 

HCl/HOAc to form spirobifluorene 429. Acylation of spirobifluorene with AlCl3 forms 2-acetyl 

spirobifluorene 430a and 2,2’-diacetylspirobifluorene 430b, which can easily be separated by 

column chromatography. The reaction of 430a or 430b with ninhydrin and hydrazine hydrate in 

acetic acid under refluxing affords compounds 431a or 431b containing the pyridazine fragments in 

good yields (70% and 73% respectively). Again, when the Grignard reagent of 2-bromobiphenyl is 

reacted with compounds 431a or 431b, product 432a and 432b are isolated. While the ring closure 

reaction of 432a (racemic) can be completed with PPA and higher temperature, HCO2Na/HCO2H 

gives better results. Compound 432b can be used to form compound 433b directly, due to 

difficulties with its purification. 

 

4.1.10. Triazines. Various substituted triazines are known to exhibit a broad range of biological 

activity.472-474 They also show excellent photonic, and electronic properties due to the high electron 

affinity, and symmetrical structure.475-477 9H-Indeno[l,2-e]-[l,2,4]-triazin-9-ones 436 are synthesized 

using ninhydrin and carboxamide hydrazones in MeOH478 or EtOH,479 as well as 437a-c (Scheme 

141). The m-nitrophenyl congener 437c is obtained in almost quantitative yield through a one-pot 

procedure, reacting ninhydrin and 3-nitrobenzenecarboximidohydrazide in refluxing EtOH for 30 

min. Reduction of the nitro group in 437c with SnCl2 in EtOH yields the amino derivative 437b, 

which is converted to the unsubstituted congener 437a through acid decomposition of the 

corresponding diazonium salt (Scheme 140).480 The synthesized compounds were evaluated in vitro 

as monoamine oxidase (MAO) A and B inhibitors, and showed inhibition potency toward MAO-B, 

the most effective one being 3-(3-nitrophenyl)-9H-indeno[1,2-e] [1,2,4]triazin-9-one 437c, which 

displayed an IC50 value of 80 nM. 

El-Zahabi and co-workers made a series of 4-substituted s-triazino[1,2-a]benzimidazoles 439 

from the reaction of 2-guanidinobenzimidazole 438 with ninhydrin (Scheme 141).481 The 

compounds synthesized were screened for their antibacterial activities against Staphylococcus 

aureus and Escherichia coli, with the conclusion being that moderate acidity is required for 

antibacterial activity of compound 439. 
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Scheme 140. Synthesis of 9H-indeno[l,2-e]-[l,2,4]-triazin-9-ones from ninhydrin and carboxamide 

hydrazones. 

 

Scheme 141. reaction of 2-guanidinobenzimidazole with ninhydrin reported by El-Zahabi. 

 

A recent patent describes the synthesis of pentaaza-cyclopenta[b]fluoren-9-ones 441 and 442 

using substituted 1,2,4-triazole-3,4-diamines 440 and ninhydrin (Scheme 142).482-483 



Review and Accounts  ARKIVOC 2015 (vi) 1-139 

Page 90 ©ARKAT-USA, In 

 

Scheme 142. Synthesis of pentaaza-cyclopenta[b]fluoren-9-ones from ninhydrin and substituted 

1,2,4-triazole-3,4-diamines. 

 

4.2. O-Heterocyclic compounds 

4.2.1. Pyrans. It is well known that pyran derivatives are an important class of heterocyclic 

compounds having a wide spectrum of pharmacological and biological activities, such as anti-

HIV,484 anticancer,485 antileishmanial486 and anticonvulsant activities.487 A three-component 

condensation of malononitrile/ethyl cyanoacetate, 1,3-dicarbonyl compounds, and ninhydrin in 

water affords spiropyran-fused derivatives 443-445. The reaction can be catalyzed by the ionic 

liquid [H3N
+CH2CH2OH][CH3COO-] (HEAA) (Scheme 143),488 while similar products can be 

achieved by employing glycerol,489 CaCl2,
490 DBU,491 propane-1-sulfonic acid-modified magnetic 

hydroxyapatite nanoparticles,492 and alum.493 

 

 
 

Scheme 143. Three-component condensation of malononitrile/ethyl cyanoacetate, 1,3-dicarbonyl 

compounds, and ninhydrin. 
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In a program aimed at finding novel compounds while retaining a major portion of the steroid 

nucleus for glucocorticoid-like activity, spiro[2H-indene[2,3']-3H-naphtho[2,l-b]]pyran-l,3,8'-trione 

447 was prepared as a racemic mixture in 73% yield (Scheme 144).498 

 

 
 

Scheme 144. Synthesis of spiro[2H-indene[2,3']-3H-naphtho[2,l-b]]pyran-l,3,8'-trione. 

 

The hetero-Diels-Alder reaction of 2-methyl-1-(1-phenylalkoxy)-butadienes containing a chiral 

center with ninhydrin to afford 1-alkoxy-5,6-dihydro-2H-pyrans 448 proceeds smoothly at room 

temperature in excellent yield and high diastereoselectivity. Only trans-epoxides 449 can be 

obtained from the diastereomeric mixtures of 448 using a freshly prepared solution of 

dimethyldioxirane  in acetone (Scheme 145).499 

 
 

Scheme 145. Mechanism proposed for the hetero-Diels-Alder reaction of 2-methyl-1-(1-

phenylalkoxy)-butadienes with ninhydrin. 

 

Synthesis of novel racemic 2'-aminospiro-[11H-indeno[1,2-b]quinoxaline-11,4'-[4H]pyran] 

derivatives 450 was achieved via the four-component reaction of ninhydrin 1, 1,2-

phenylenediamine 117, malono derivatives, and α-methylenecarbonyl compounds in the presence of 

ammonium acetate as a neutral catalyst (Scheme 146).500 The same reaction was also catalyzed by 

indium (ΙΙΙ) chloride.501  
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Scheme 146. Four-component synthesis of novel racemic 2'-aminospiro-[11H-indeno[1,2-

b]quinoxaline- 11,4'-[4H]pyran]. 

 

Perumal and co-workers reported that the Knoevenagel condensation product of N-methyl-4-

piperidone 451 and malononitrile dimerizes to form spiro-piperidinoisoquinoline 452, which attacks 

ninhydrin 1 to provide a spiro-framework containing the spiropiperidine ring 453 (Scheme 147).502  

 

 
 

Scheme 147. Sequential one pot reaction of N-methyl-4-piperidone, malononitrile, and ninhydrin 

reported by Perumal. 
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Bazgir and co-workers investigated the reaction between ninhydrin 1 and 2-

hydroxynaphthalene-1,4-dione 454, which resulted in the formation of meso spiro[dibenzo[b,i] 

xanthene-13,2'-indene]-1',3',5,7,12,14-hexaone 455 in 62% yield (Scheme 148).503 Similarly, 

poly(4-vinylpyridinium)hydrogen sulfate was found to be an efficient catalyst in the same 

reaction.504  

 

 
 

Scheme 148. Reaction of ninhydrin and 2-hydroxynaphthalene-1,4-dione reported by Bazgir. 

 

The reaction of ninhydrin with tosylhydrazine to afford 2-diazo-1,3-indanedione 18 is known as 

the Bamford-Stevens reaction.505 The application of 2-diazo-1,3-indanedione 18 for the synthesis of 

2-acyloxy-1,3-indanedione 456, meso 2-acyloxy-2'-hydroxy-1.3.1'.3'-tetraoxo-2.2'-diindanyl 458, 

racemic azo compounds 459 and meso 2-acyloxy-2-[xanthyl-(9)]-1,3-indanedione 460 was also 

investigated (Scheme 149).506 

 

 
 

Scheme 149. Reaction of 2-acyloxy-1,3-indanedione with ninhydrin. 
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Hetero-yohimbanone analogues 462 and 463 are synthesized using ninhydrin 1 and 3-acetyl-

7,12-dihydro-2-methyl-6H-indolo[2,3-a]quinolizinium chloride 461 (Scheme 150).507 

 

 
 

Scheme 150. Reaction of ninhydrin and 3-acetyl-7,12-dihydro-2-methyl-6H-indolo[2,3-

a]quinolizinium chloride. 

 

4.2.2. Dioxanes. Dioxane rings are common structural motifs in many bioactive molecules.508-511 

Numerous reactions between electron-rich, more- or less-polar enamines, such as 464, with 

ninhydrin 1 was reported by Schank and co-workers, and various new derivatives were formed 

(Scheme 151).512 

 

 
 

Scheme 151. Reaction of ninhydrin and enamine reported by Schank. 

 

4.3. N,O-Heterocyclic compounds 

4.3.1. Oxazines. Various oxazine derivatives have shown a wide variety of bioactivities, such as 

anti-human coronavirus activity,513 inhibition of cholesterol esterase and acetylcholinesterase,514 

inhibition of human leukocyte elastase,515 and nonsteroidal progesterone receptor antagonists.516 

The 1,3-dipolar intermediates generated by adding isoquinoline, quinoline, or pyridine to DMAD 41, 

are trapped by ninhydrin 1 to produce functionalized spiro compounds 469, 470, and 471, 

respectively (Scheme 152).517 
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Scheme 152. Synthesis of functionalized spiro compounds from ninhydrin, DMAD, and 

isoquinoline, quinoline, or pyridine. 

 

The reaction of 2-hydroxy-2-acylmethylene-1,3-indanedione 472 with tosyl chloride (TsCl) and 

anhydrous pyridine, isoquinoline, or phthalazine was reported (Scheme 153).518-519 A similar 

cyclocondensation reaction was observed by Carotti et al. when the aldol adduct 476 was treated 

with the same reagent under the similar experimental conditions to produce meso pyrido-oxazine 

derivatives 477 (Scheme 154).520 
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Scheme 153. Reaction of 2-hydroxy-2-acylmethylene-1,3-indanedione with pyridine, isoquinoline, 

or phthalazine. 

 

 
 

Scheme 154. Synthesis of pyrido-oxazine derivatives reported by Carotti. 

 

The reaction products of ninhydrin and phenyl- and p-chlorophenyl-alanine were identified as 

racemic indeno-oxazinones 478 (Figure 4).521 The Fe(III), Cr(III) and Al(III) complexes of Schiff 

base ligands 479 derived from ninhydrin with some amino acids (glycine, alanine, and serine) were 

also prepared (Figure 4).522 
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Figure 4. Structure of oxazine derivatives of ninhydrin. 

 

Recently, Pramanik’s group developed a procedure for the synthesis of benzoxazinones 480 

from 205 through an acid catalyzed rearrangement, followed by condensation with hydroxylamine 

(Scheme 155).523  

 

 
 

Scheme 155. Synthesis of benzoxazinones reported by Pramanik. 

 

4.4. O,S-Heterocyclic compounds 

4.4.1. Oxathianes. Oxathianes are present as important core structures in many biologically active 

natural products524 and pharmaceuticals.525-526 In the reaction of ninhydrin 1 or indane-1,2,3-trione 2 

with potassium thiotosylate, 1,4-oxathiin 485 was formed in up to 63% yield. Trapping the 

intermediate α,α'-dioxothione 483 with E-cyclooctene 484 yielded the product. In addition, up to 
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18% of the available sulfur is transferred to alkene 484 to thiirane 482 through the intermediary 

oxathiirane (Scheme 156).527. 

 

 
 

Scheme 156. Synthesis of 1,4-oxathiin from ninhydrin and potassium thiotosylate. 

 

The reaction of ninhydrin with thiosalicylic acid 486 proceeded in trifluoroacetic acid to result 

in meso 4H-spiro(3,1-benzoxathiin-2,2'-indene)-1',3',4-trione 488 (Scheme 157).528 

 

 
 

Scheme 157. Trifluoroacetic acid mediated synthesis of 4H-spiro(3,1-benzoxathiin-2,2'-indene)- 

1',3',4-trione. 

 

 

5. Synthesis of Seven-membered Heterocycles 

 

This section presents some recent examples of the use of ninhydrin to prepare seven-membered 

heterocycles such as oxepines and diazepines. The reaction of ninhydrin with vinyl diazo 
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compounds 489 afforded the spiroindan-1,3-dione-2,2'- benzodihydrooxepin 494. Normally, 

expected products from intermediate vinyl carbonyl ylides 491, such as oxirane and dihydrofuran 

derivatives, were not observed. Formation of 494 requires isomerization of vinyl carbonyl ylides 

491 bearing a (Z)-cyanostyryl group to the unstable (E)-form 492 and subsequent cyclization to 

oxepin 493, followed by a 1,5-hydrogen shift (Scheme 158).529 

 

 
 

Scheme 158. Mechanistic explanation of the synthesis of spiroindane-1,3-dione-2,2'- 

benzodihydrooxepin. 

 

Spiro-N,N-ketal 498, consisting of a phthaloperine heterocyclic ring and a naphtho[1,8-

ef][1,4]diazepine ring, was obtained in addition to with spiro-N,N-ketal 495 via 2,2-condensation in 

the reaction of ninhydrin with naphthalene-1,8-diamine. Aside from these spiro compounds, the 

diazapleiadiene compound 496 forms from a 1,2-condensation reaction and the 1,4-

isoquinolinedione compound 497 arises from ring expansion, according to the report by Kobayashi 

and co-workers (Scheme 159).530 
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Scheme 159. Reaction of ninhydrin with naphthalene-1,8-diamine. 

 

 

 
 

Scheme 160. Synthesis of spiro-substituted benzo[b]furo[3,4-e][1,4] diazepine derivatives. 
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A new regio- and chemoselective [4+2+1] domino cyclization reaction, consisting of the 

formation of two spiro rings, was developed for the synthesis of spiro-substituted benzo[b]furo[3,4-

e][1,4] diazepine derivatives (Scheme 160).531 The reaction is a multicomponent green domino 

process performed by reacting of o-phenylenediamines 117, tetronic acid 499 and ninhydrin 1 in 

aqueous solution under microwave irradiation. The mechanism of forming spiro-substituted 

benzo[b]furo[3,4-e][1,4] diazepine 502 and 504 is proposed as shown in Scheme 161.531 The 

former involves the ring closure cascade steps that consist of two condensations (1 to 126, and 499 

to 500, respectively), an intermolecular nucleophilic addition (500 to 501) and an intramolecular 

nucleophilic substitution catalyzed by acetic acid (501 to 502). The latter involves the condensation 

reaction to give intermediate 500, which is followed by subsequent intermolecular nucleophilic 

addition with 1 (500 to 503) and intramolecular nucleophilic substitution (503 to 504). 

Using the methoxy ketone derivative of oxyprotoberberine 417, a concise synthesis of the 

racemic isoindolobenzazepine aporhoeadane core 506 can be achieved (Scheme 161).532 This 

tetracyclic framework is rapidly assembled from simple precursors, and an alteration of the 

homoveratrylamine and ninhydrin building blocks readily allows for analogues to be prepared. 

 

 

Scheme 161. Synthesis of isoindolobenzazepine aporhoeadane core. 

 

Tolkunov’s group reported the synthesis of new derivatives of dihydroquinazoline[3,2-c][2,3] 

benzodiazepine 508 using the Pictet-Spengler reaction of 3-amino-2-(3,4-

dimethoxybenzyl)quinazolin-4(3H)-one 507 with ninhydrin 1 (Scheme 162).533 

 

Scheme 162. Pictet-Spengler reaction of 3-amino-2-(3,4-dimethoxybenzyl)quinazolin-4(3H)-one 

with ninhydrin. 

 

Ninhydrin reacts with cytosine, cytidine, and cytidine nucleotides to form products 510a-d 

(Scheme 163).534 The use of this reaction was suggested to modify cytosine residues of nucleic 

acids. Upon treatment with boiling acetic anhydride, followed by an aqueous work-up, acetylation 
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of 510a affords a triacetyl derivative to which structure 511a was assigned. In another reaction, 

sodium metaperiodate cleaved 510a to give the carboxylic acid 512a. 

 

 
Scheme 163. Reaction of ninhydrin with cytosine, cytidine, and cytidine nucleotides. 

 

Apart from seven-membered heterocycles, ninhydrin has been employed in the synthesis of 

eight-membered heterocycles that is discussed in the next section. Synthesis of azocines and 

diazocines is summarized in this section. 

 

6. Synthesis of Eight-membered Heterocycles 

 

In a modification of the Pictet–Spengler reaction, Tolkunov and co-workers successfully used 

compound 513 with ninhydrin for the synthesis of the eight-membered heterocyclic skeleton of 

tetrahydroquinazolino [3,2-c][2,3]benzodiazocin-15-ones 514 (Scheme 164).535 

 

 
Scheme 164. Synthesis of tetrahydroquinazolino [3,2-c][2,3]benzodiazocin-15-ones reported by 

Tolkunov. 

 

In an interesting study, tetrahydro-3a,8b-dihydroxy-oxo-indeno[1,2-b]pyrroles 52 were prepared 

from ninhydrin and enamines, and then subjected to intramolecular Wittig reactions to afford 
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dihydro-1H-furo[2′,3′:2,3]cyclopenta[1,2-b]pyrroles 515. These fused 5,5-ring systems then 

experience Et3N-mediated fragmentation to afford tetrahydrobenzo[c]furo[3,2-e]-azocines 520 in 

good yields (Scheme 165).536  

 

 
 

Scheme 165. Mechanism that accounts for the formation of tetrahydrobenzo[c]furo[3,2-e]-azocines. 

 

Ninhydrin reacts with 1,3-indanedione 14 to generate a tetrone 254, which, on reaction with 

different substituted phenols under acidic conditions, forms substituted spirochromenes 521. When 

ethanolic solutions of these chromenes 521 are heated at reflux temperature with different aliphatic 
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1,2-diamines, isoindole-fused eight-membered heterocyclic compounds 522 are formed in a 

completely diastereoselective manner (Scheme 166).537 

 
 

Scheme 166. Mechanistic explanation of isoindole-fused eight-membered heterocyclic compounds. 

 

Condensation of 205 with ethylenediamine furnished the racemic eight-membered nitrogenous 

heterocycles 523 (Scheme 167).324 

 

 
Scheme 167. Reaction of 2-hydroxy-2-aryl-1,3-indanediones with ethylenediamine reported by 

Pramanik. 
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7. Conclusion 

 

This review has summarized the use of ninhydrin in the synthesis of heterocyclic compounds with 

respect to the number of atoms in heterocyclic rings, taking into consideration the heteroatom. We 

have demonstrated that ninhydrin is a very versatile substrate, as it can be used for the synthesis of a 

large variety of heterocyclic compounds. The most significant applications of ninhydrin in organic 

synthesis are due to the more reactive C-2 position of this compound, which is situated between two 

adjacent carbonyl groups. This C-2 group is highly reactive towards oxygen, sulfur and carbon-

based nucleophiles. Different types of reactions, such as cycloaddition, cyclocondensation, Wittig, 

Pictet-Spengler, Baylis-Hillman, and several sequences of other reactions as well as 

multicomponent reactions were demonstrated for the synthesis of five- and six-membered 

heterocycles.  

Ninhydrin has been used in two-, three-, and four-component reactions, leading to the formation 

of multiple heterocyclic frameworks. The use of ninhydrin to construct complex heterocycles 

through multicomponent reactions can provide a practical alternative to traditional methods of 

preparing such compounds, and the presented examples could serve as an inspiration to develop 

novel synthetic methods. Many challenges remain in this field to achieve more complex 

heterocycles, and we believe that this will be of great benefit for future investigators, including 

synthetic chemists, pharmacologists, and medicinal chemists. There is no doubt that ninhydrin will 

show more synthetic possibilities in the future, and that we can expect many developments of this 

template in synthetic chemistry. 
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