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Abstract: 

Melamine trisulfonic acid (MTSA) as a highly efficient heterogeneous solid acid catalyst 

catalyzes various organic transformations. The great efforts have been made by many scientists 

to utilize MTSA as a green catalyst for the preparations of N- and O-containing heterocyclic 

compounds, for the protections of alcohol, phenols, amines and aldehydes and ketones, for the 

acetylation of alcohols and phenols and for the N-formylation of amines. The superior advantage 

of this heterogeneous catalyst is that it can be recovered and reused several times without the loss 

of their efficiency. In this review, preparation and applications of MTSA in organic synthesis are 

investigated. 
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1) Introduction: 

Catalysis have played a significant role in reducing pollution from the chemical processes in our 

environment. By utilizing catalysts, organic reactions can be more efficient and selective thereby 

eliminating large amounts of by-products and other waste compounds.1 It is one of the 

fundamental pillars of green chemistry.2 Homogeneous acid catalysts such as HF, HCl, 

CH3COOH, HBr, CF3COOH and H2SO4 are widely used in many important industrial processes, 

but they have some disadvantages in handling, corrosiveness, trouble work-up procedures and 

production of toxic waste.3 Hence, in recent years, the search for environmentally benign 

chemical processes or methodologies has received much attention, and the development of 

heterogeneous catalysts for fine chemical synthesis has become a major area of research. The 

potential advantages of these materials over homogeneous systems are such as ease of handling, 

decreased reactor and plant corrosion problems, and more environmentally safe waste disposal 

procedures.4-8 For this purpose various solid acids such as solid acid zeolite,9 solid super acid 
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sulfated zirconia,10 silica sulfuric acid,5 alumina sulfuric acid,11 tungstate sulphuric acid,12 

molybdate sulfuric acid,13 alum,14 ZrOCl2.8H2O,15 MCM-41-SO3H,16 PPA-SiO2,
17 SiO2- 

HClO4,
18 SiO2-NaHSO4,

19 SiO2-Pr-SO3H,20 Amberlyst-15,21 heteropoly acids22 and 

montmorillonite K-1023 ware developed by many scientists and utilized in the synthesis of a wide 

range of organic compounds. Nowadays, the use of SO3H-containing catalysts has received 

considerable interest in organic synthesis, because of their unique advantages such as efficiency, 

high reactivity, operational simplicity, environmental compatibility, non-toxicity, low cost, ease 

of isolation, green nature, easy availability of their starting materials, and ability to promote a 

wide range of reactions. 16, 20, 24-26 However, cellulose sulfuric acid, starch sulfuric acid and PEG-

OSO3H were explored as biodegradable solid acids for the synthesis of various organic 

compounds, While other SO3H-containing catalysts are metal base catalysts and are non-

biodegradable. One of the attractive SO3H-containing catalysts is melamine trisulfonic acid 

(MTSA), which is also used as a versatile catalyst, which makes organic processes convenient, 

more economic and environmentally benign. MTSA have been explored as powerful catalysts 

for the preparations of N- and O-containing heterocyclic compounds, for the protections of 

alcohol, phenols, amines and aldehydes and ketones, for the acetylation of alcohols and phenols 

and for the N-formylation of amines. Moreover, this catalyst can be recovered and reused several 

times without a decrease in activity as well as its efficiency. The present review is intended 

briefly in recent research progress concerning the various organic transformations catalyzed by 

MTSA as a heterogeneous and recyclable catalyst. 

2) Preparation of melamine trisulfonic acid (MTSA)
27 

In 250 mL suction flask take 5 mL chlorosulfonic acid (75.2 mmol) was equipped with a gas 

inlet tube for conducting HCl gas over an adsorbing solution. Melamine (3.16 g, 25.07 mmol) 

was added in small portions over a period of 30 min at room temperature. HCl gas evolved from 

the reaction vessel immediately (Figure 1). After completion of the addition of melamine, the 

mixture was shaken for 30 min; meanwhile, the residual HCl was removed by suction. MTSA 

(7.7 g, 85 %) was obtained as a white solid, which was stored in a capped bottle. M.p.: 142-144 

°C. It is hygroscopic in nature and possessing an acidic pH. It is soluble in water. It is insoluble 

in ethyl acetate, methanol, ethanol, dichloromethane, diethyl ether, n-hexane, chloroform and 

acetone. 
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3) Melamine trisulfonic acid (MTSA) catalyzed various organic reactions 

3.1) Solvent-free organic reactions catalyzed by MTSA 

3.1.1) Preparations of N- and O-containing heterocyclic compounds 

3.1.1.1) Synthesis of 3,4-dihydropyrimidin-2(1H)-one/thione derivatives 

3,4-dihydropyrimidin-2(1H)-one/thione derivatives possesses a wide range of pharmaceutical 

activities such as antitumor, antiviral, anti-inflammatory and antibacterial.28 Different catalysts 

such as MgBr2,
29 PPh3,

30 ZrCl4,
31 Bi(OTf)3,

32 CaF2,
33 Silica triflate,34 FeCl3,

35 Sulfamic acid,36 

Cu(OTf)2
37 and Fe(HSO4)3

38 have been reported for the preparation of these skeletons. However, 

high temperatures, expensive catalyst, long reaction times, lower product yields, tedious work-up 

process and the use of volatile organic solvents are limitations of these protocols. Therefore, 

Shirini and co-workers represented an environmentally friendly protocol for the preparation of 

3,4-dihydropyrimidin-2(1H)-ones/thiones (DHPMs) via three component synthesis of aldehydes, 

β-ketoesters and urea/thiourea in the presence of melamine trisulfonic acid (MTSA) as green and 

recyclable catalyst (Scheme 1).39 This synthesis was carried out at the 80 oC under solvent-free 

conditions. An electronic and steric effect of the nature of the substituents on the aromatic ring 

does not show any obvious effect on this conversion. In addition, hetero aromatic aldehydes were 

also reacted efficiently to afford products in excellent yields. Compared to cellulose sulfuric acid 

(CSA), PEG-OSO3H and starch sulfuric acid (SSA), MTSA shows excellent efficiency for this 

synthesis in terms of product yield, reaction temperature and catalyst loading.24, 25 In addition, 

CSA catalyzed this reaction was completed within shorter period of time as compared to MTSA 

and SSA. The added advantage of this method is that the catalyst could be recycled and reused 

three times without significant loss of their efficiency. 
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3.1.1.2) Synthesis of 1,4-dihydropyridines (1,4-DHPs) derivatives 

1,4-dihydropyridines possesses various biological activities such as glycoprotein inhibitors,40 

anticancer,41 anticoagulant,42 anti-inflammatory and anti-microbial agents43 and neurotropic.44 

Mansoor and co-workers have reported a green method for the synthesis of 1,4-dihydropyridines 

(1,4-DHPs) through three component condensation reaction of ethyl acetoacetate or methyl 

acetoacetate, aldehydes and ammonium acetate catalysed by melamine trisulfonic acid (MTSA) 

as an efficient and eco-friendly catalyst (Scheme 2).45 This synthesis was performed under 

solvent-free condition at the 60 oC. Moreover, the catalyst could be recyclable and reused three 

times without significant loss of their efficiency. In this synthesis the authors have screened 

various solvents like methanol, THF, acetonitrile, ethanol, dichloromethane, cyclohexane, 

benzene as well as solvent-free conditions. However, the best result was obtained under solvent-

free conditions in terms of product yields and reaction times. All the electron-rich and electron 

deficient aldehydes worked well leading to excellent yields of the products. The authors have 

demonstrated various Lewis acid catalysts such as AlCl3, ZnCl2, FeCl3, BiBr3, BiCl3 and 

Bi(OTf)3 for the comparative results with MTSA in this transformation. Although, the results 

presented that MTSA is a more efficient catalyst with respect to catalyst load, reaction 

temperature, product yield and reaction time than other catalysts. However, for this synthesis the 
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CSA shows higher efficiency in terms of reaction times, while MTSA shows greater efficiency 

in terms of product yield.24 

Scheme 2
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3.1.1.3) Synthesis of 5-amino-7-aryl-6-cyano-4H-pyrano[3,2-b]pyrroles derivatives 

4H-Pyrans possess potent biological activities like antitumor,46 antibacterial,47, 48 antiviral,49 

spasmolytic50 and antianaphylactic.51 An environmentally friendly preparation of 5-amino-7- 

aryl-6-cyano-4H-pyrano[3,2-b]pyrroles via three component synthesis of malononitrile, 3- 

hydroxypyrrole and several aromatic aldehydes in the presence of melamine trisulfonic acid 

(MTSA), which was discovered by the Mansoor’s group (Scheme 3).52 The authors have 

screened various solvents such as ethanol, benzene, acetonitrile, methanol, cyclohexane, toluene, 

dichloroethane as well as solvent-free conditions in this synthesis. However, solvent-free 

condition was proved to be the best for this transformation. Only, 5 mol% MTSA was sufficient 

to achieving products in excellent yield within shorter period of time. To find out the optimize 

reaction condition; the authors have established reaction at various temperatures from 50 oC to 
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100 oC. Finally, they have achieved 80 oC temperature as the optimum temperature for this 

transformation. The catalyst was tested for four runs. It was seen that the catalyst exhibited very 

good reusability efficiency. 

 

3.1.1.4) Synthesis of 2-amino-4-phenyl-3-cyano-7,7-dimethyl-5-oxo-1,4,5,6,7,8-

hexahydroquinolines 

Aswin and associates have reported a green protocol for the synthesis of synthesis of 2-amino-4- 

phenyl-3-cyano-7,7-dimethyl-5-oxo-1,4,5,6,7,8-hexahydroquinolines via three component 

synthesis of dimedone, aldehydes, malononitrile and ammonium acetate under solvent-free 

conditions (Scheme 4).53 The authors have examined various solvents like 1,4-dioxane, 

methanol, ethanol, acetonitrile, cyclohexane and toluene as well as solvent-free conditions in this 

synthesis. Although, the best result was obtained by using 5 mol% MTSA under solvent-free 

condition at 60 oC. Both an electron-withdrawing and an electron-donating substituents on 

aldehydes were reacted efficiently to afford corresponding products in high to excellent yield 

within a short period of times. The catalyst could be reused four times without substantial 

damage of its activity. 

 

3.1.1.5) Synthesis of 10-aryl-6,8-dimethyl-6,10-dihydro-5-oxa-6,8-diazaanthra[2,3-

d][1,3]dioxole-7,9-dione derivatives 
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Li and co-workers have reported utilization of melamine trisulfonic acid (MTSA) as an efficient 

and recyclable catalyst for the one-pot synthesis of 10-aryl-6,8-dimethyl-6,10-dihydro-5-oxa-6,8- 

diazaanthra[2,3-d][1,3]dioxole-7,9-dione derivatives by condensation of 3,4-methylene 

dioxyphenol, aromatic aldehydes and 1,3-dimethylbarbituric acid under solvent-free conditions 

at the 110 oC (Scheme 5).54 Maximum yield was obtained with 5 mol% of the catalyst. Different 

types of aromatic aldehydes bearing electron releasing as well as electron accepting groups were 

used in the reaction and in all cases the products were obtained in good to excellent yields. An 

aliphatic aldehydes, such as phenyl acetaldehyde, propionaldehyde, n-butyl aldehyde and n-

heptaldehyde, were not reacting efficiently with this protocol and the desired products were not 

found and obtained successfully. The catalyst could be successfully recovered and recycled at 

least for three runs without significant loss in activity. A tentative mechanism for this 

transformation was also proposed by the authors. The reaction likely proceeds via the initial 

formation of oxonium species, which then undergo dehydration to give olefin. Subsequent 

Michael-type addition of 3,4-methylenedioxyphenol to the olefin followed by cyclization and 

dehydration to afford the corresponding products in excellent yield. 

 

3.1.1.6) Synthesis of coumarins via Pechmann condensation 

Coumarins and their derivatives are important classes of heterocyclic compounds, whose 

synthesis has been the focus of attention of many organic and medicinal chemists.55 Generally, 

the Pechmann reaction is carried out using various catalysts such as H2SO4,
56 CF3COOH,57 

InCl3,
58 Bi(NO3)3.5H2O,59 silica triflate,60 ZrCl4

61 and TiCl4.
62 The main disadvantages of the 

processes are, long reaction times, low yields, harsh reaction conditions, non-reusability of the 

catalyst and use of excess amounts of the reagent. Thus, Shirini et al. have discovered green 

synthesis of coumarins via Pechmann condensation of phenols and ethyl acetoacetate or methyl 

acetoacetate by utilizing melamine trisulfonic acid (MTSA) as a bio-degradable catalyst under 

solvent-free conditions at the 80 oC (Scheme 6).63 Only, 0.05 mmol of catalyst was sufficient for 
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this transformation. Phenols with electron-donating groups are easily converted to their 

corresponding coumarins, while electron-withdrawing groups were not reacting under these 

conditions and starting materials remained intact even after prolonged heating. The catalyst 

could be reused several times without a considerable change in the reaction times and yields. 

Compared to MTSA, PEG-OSO3H catalysed this synthesis afforded products within shorter 

period of time, while higher product yield was observed in case of MTSA.25  

 

3.1.1.7) Preparation of triazolo[1,2-a]indazole-1,3,8-trione and 2H-indazolo[2,1-b]phthalazine-

1,6,11-trione derivatives 

Khazaei and associates discussed a sustainable synthetic method for the preparation of 

triazolo[1,2-a]indazole-1,3,8-trione and 2H-indazolo[2,1-b]phthalazine-1,6,11-trione derivatives 

by the three-component condensation reaction of urazoles or phthalhydrazide, dimedone or 1,3- 

cyclohexanedione and aldehydes using melamine trisulfonic acid (MTSA) as an efficient 

heterogeneous catalyst under solvent-free conditions (Scheme 7a-c).64 Only, 15 mol% was 

sufficient for the excellent yields of the products. The influence of electron-withdrawing and 

electron-donating substituents on the aromatic ring of aldehydes have no significant effect on the 

reaction yields. In the case of aliphatic aldehydes longer reaction time was observed for the 

completion of the reaction. Influence of different catalysts such as p-TSA,65 silica sulfuric acid,66 

sulfuric acid67 and N-halosulfonamides68 on the reaction of benzaldehyde, dimedone and 

phthalhydrazide was also studied by the authors. However, they were not efficient as compared 

to MTSA in terms of product yields and reaction times. In this synthesis, PEG-OSO3H shows 

greater activity in terms of product yield and reaction time as compared to MTSA.25 
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3.1.1.8) Preparation of 7-alkyl-6H,7H-naphtho-[10,20:5,6]pyrano[3,2-c]chromen-6-ones 

Chromene derivatives possessing a wide range of pharmaceutical activities such as 

antirhinovirus,69 antioxidant,70 antimicrobial,71 anticancer72 and antihypertensive.73 An efficient 

preparation of 7-alkyl-6H,7H-naphtho-[10,20:5,6]pyrano[3,2-c]chromen-6-one derivatives by 

three-component condensation reaction of β-naphthol, aromatic aldehydes and 4-
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hydroxycoumarin catalyzed by melamine trisulfonic acid (MTSA) as a green and reusable 

catalyst under solvent-free conditions, which was developed by Ma’s group (Scheme 8).74 At 

120 oC, the reaction proceeded smoothly to afforded excellent product yields within shorter 

period of time. In addition, maximum yield was obtained with 2 mol% of the MTSA. The 

authors have also suggested reaction mechanism, according to them the reaction likely proceeds 

via the initial formation of ortho-quinone methide. The oxonium species are then formed by 

reaction with 4-hydroxycoumarin, which then undergoes dehydration to afford the desired 

product in excellent yield. A variety of aryl aldehydes including those bearing electron-

withdrawing and electron-donating groups reacted smoothly with this protocol to afford efficient 

product yields. For comparison the effect of different catalysts such as sulfuric acid, NaHSO3, 

NaHSO4, AlCl3, I2 and MTSA on this reaction was also examined by the authors. However, 

MTSA showed better results as compared to others. 

 

3.1.1.9) Synthesis of 14-aryl-14H-dibenzo[a,j]xanthene derivatives 

Zare et al. have also reported catalytic application of a melamine trisulfonic acid (MTSA) in the 

synthesis of 14-aryl-14H-dibenzo[a,j]xanthene derivatives via condensation of 2-naphthol with 

arylaldehydes under solvent-free conditions (Scheme 9).75 This reaction was performed under 

conventional thermal (110 oC) or microwave irradiation (540 W). Only, 2.5 mol% of the catalyst 

was sufficient to promote the reaction efficiently under thermal conditions, while under 

microwave irradiation 0.5 mol% of the catalyst was sufficient to promote the reaction in forward 

direction. In addition, lower catalyst loading and shorter reaction time was required in case of 

MTSA and CSA as compared to PEG-OSO3H, while higher product yield was obtained in the 

case of MTSA as compared to PEG-OSO3H and CSA.24, 25 Moreover, the reaction under 

microwave irradiation was completed within shorter period of time as compared to the 

conventional thermal conditions. Both electro-releasing and electron-withdrawing substituents 

on aromatic aldehydes were efficiently converted into the products.  
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3.1.1.10) Synthesis of polyhydroquinolines 

Quinolines and their derivatives have attracted much attention, because a large number of natural 

products and drugs possess this heterocyclic scaffold.76 Zare and co-workers have reported an 

environmentally friendly and clean method for the synthesis of polyhydroquinolines via one-pot 

multi-component condensation reaction between aryl aldehydes, dimedone (5,5- 

dimethylcyclohexane-1,3-dione), β-ketoesters and ammonium acetate in the presence of 

melamine trisulfonic acid (MTSA) under solvent-free conditions at 60 °C (Scheme 10).77 Only, 

2.5 mol% of the catalyst was sufficient to promote the reaction in forward direction efficiently. 

An electronic and steric effect of the nature of the substituents on the aromatic ring does not 

show any obvious effect on this conversion. The authors have suggested that at first dimedone is 

converted to its enol form using MTSA. On the other hand, the activated β-ketoester (by the 

catalyst) and ammonia (resulted from ammonium acetate) gives enamine. Afterward, the enol 

and enamine react with the activated aldehyde (by MTSA) to afford intermediate, which was 

tautomerized followed by an intramolecular nucleophilic attack of the NH2 group to the activated 

carbonyl group and again tautomerized to form polyhydroquinonine in good yields. After 

completion of the reaction, the catalyst could be recovered and reused several times without loss 

in their activity. 
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3.1.1.11) Synthesis of 9-aryl-1,8-dioxo-octahydroxanthene derivatives 

Xanthene derivatives are essential unit of a large number of naturally occurring as well as 

synthesized biological compounds.78,79 Zare et al. have disclosed an efficient synthesis of 9- aryl-

1,8-dioxo-octahydroxanthene derivatives from 1,3-cyclohexanediones and aryl aldehydes in the 

presence of catalytic amount of melamine trisulfonic acid (MSTA), which afforded products in 

excellent yields (Scheme 11).80 This reaction was performed under thermal (solvent-free/80 oC), 

microwave (solvent-free/180 W/90 oC) and ultrasound (solvent/34-37 kHz/350 W/60 oC) 

conditions. A wide range of electro releasing as well as electron withdrawing groups bearing 

aldehydes was efficiently converted into the products makes this protocol have wide synthetic 

utility. Best results were obtained under microwave irradiation (MWI) as compared to thermal 

and ultrasound conditions in terms of products yield and reaction time. In addition, in ultrasound 

condition more time was needed to complete the reaction as compared to thermal and MWI. 
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3.1.2) Mono-nitration of the phenolic compounds 

The mono-nitration of the phenolic compounds is one the most difficult and challenging field for 

the organic chemist, because the nitration of phenols usually results in a complex mixture of 

mono and even di-nitrated products. It is especially to perform selective mono-nitration of 

phenols.81 Albadi et al. disclosed an efficient synthetic protocol for the regioselective nitration of 

various phenols by utilizing sodium nitrate in the presence of melamine trisulfonic acid (MTSA) 

under solvent-free conditions at room temperature (Scheme 12).82 This protocol delivers the 

superior advantage like good selectivity between ortho and para positions of the phenols. 

Compounds containing the electron donating substituents on phenols were found to be more 

reactive and converted to the corresponding mono-nitrated products in shorter reaction times. 

This method afforded para-substituted products predominantly. Phenol offered mostly the para-

nitrophenol as the predominant product. The authors have also demonstrated possible reaction 

mechanism, according to them in situ generation of nitronium ion was caused by the reaction of 

MTSA with sodium nitrate. This nitronium ion is powerful electrophile, and was reacted with 

aromatic compounds to form Nitro aromatic compounds. 
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3.1.3) Acetalization of carbonyl compounds 

During a synthetic sequence a carbonyl group may have to be protected against attack by various 

reagents such as nucleophiles, reducing agents; and some oxidants. The most useful protective 

groups are acetals or ketals.83 Fallah-Mehrjardi et al. have disclosed the utilization of Melamine 

trisulfonic acid (MTSA) as an eco-friendly and recyclable catalyst for acetalization of carbonyl 

compounds with various alcohols (Scheme 13).84 Aldehydes and ketones are rapidly transformed 

into acetals and ketals at room temperature in high yields. Moreover, I2,
85 sulfamic acid86 and 

Bi(NO3)3
87 have been previously used as a catalyst in this transformation. However, they are not 

efficient as like MTSA in terms of the product yields and the reaction times. The catalyst could 

be reused 5 times without significant loss of their efficiency. The catalyst could be reused five 

times with no change in catalytic efficiency. 
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3.1.4) Trimethylsilylation of alcohols and phenols 

The protection of hydroxyl groups by the formation of silyl ethers has been extensively used in 

organic synthesis.88 Wu’s group has demonstrated a green method for the trimethylsilylation of 

alcohols and phenols via treatment by hexamethyldisilazane in the presence of melamine 

trisulfonic acid (MTSA) as a recyclable catalyst under solvent-free conditions at room 

temperature (Scheme 14).89 A wide variety of hydroxyl groups were selectively protected under 

this condition. There are a variety of catalysts such as ZnO,90 InBr3,
91 LaCl3,

92 Fe(HSO4)3,
93 

ZrCl4,
94 NBS,95 CuSO4

96 and I2
97 were previously utilized in this transformation, but they did not 

prove higher efficiency as compared to MTSA. Only, 3 mol% of catalyst was sufficient for this 

reaction. The catalyst was tested for 6 runs. It was seen that the catalyst displayed very good 

reusability and efficiency. For this synthesis higher catalysis loading of CSA was required as 

compared to MTSA.24 In addition, the reaction was completed within shorter period of time in 

case of CSA as compared to MTSA. 
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3.1.5) Preparation of dithienylmethanes from aldehydes 

Dithienylmethanes are widely used as important building blocks for the synthesis of a variety of 

functionalized porphyrins and porphyrin analogs.98, 99 An efficient procedure for the preparation 

of dithienylmethanes via bisarylation of aldehydes with thiophene in the presence of melamine 

trisulfonic acid (MTSA) as a catalyst under solvent-free conditions at the 84 oC, which was 

described by the Wu’s group (Scheme 15).100 A wide range of aldehydes were efficiently 

converted into the desired products with higher yields. The authors have concluded that the 

aldehydes with electron-withdrawing groups reacted quickly as compared to electron-donating 

groups. The catalyst could sbe reused three times without significant loss of their efficiency. 
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3.1.6) Crossed-Aldol condensation of aldehydes with ketones 

Previously, Crossed-Aldol condensation was performed using various catalysts like RuCl3,
101 

SmI3,
102 KF-Al2O3,

103 FeCl3,
104 InCl3,

105 LiClO4,
106 I2,

107 Yb(OTf)3,
108 Mg(HSO4)2

109 and 

LiOH.H2O.110 However, high temperatures, expensive catalyst, long reaction times, lower 

product yields and use of volatile organic solvents are disadvantages of these methods. 

Therefore, Shirini et al. developed an efficient Crossed-Aldol condensation of various types of 

aldehydes with ketones in the presence of melamine trisulfonic acid (MTSA) under solvent-free 

conditions at the 75 oC (Scheme 16).111 Aromatic aldehydes having various substituents like 

electron-donating as well as electron withdrawing and cinnamaldehyde were efficiently 

converted to their corresponding α,α'-bis(substituted benzylidene) cycloalkanone derivatives in 

excellent yield. The authors have also demonstrated the reaction mechanism, and on the basis of 
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this mechanism, MTSA catalyses the reaction by the nucleophilic activation of ketone to form an 

enol tautomer, the formation of enol is slow, and the reaction rate depends on this step. Then the 

condensation of enol with aldehyde gives aldol adduct, which then is dehydrated to give the final 

product. After completion of the reaction the catalyst could be recovered and reused for three 

times without any decrease in its catalytic activity. MTSA exhibited higher activity in terms of 

product yields and reaction times as compared to PEG-OSO3H.25 
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Scheme 16  

3.1.7) Preparation of thiocyanohydrins via ring opening of epoxides 

Kiasat et al. reported an efficient preparation of thiocyanohydrins via ring opening of epoxides 

catalyzed by melamine sulfonic acid (MTSA) as a solid acid catalyst under solvent-free 
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conditions with good regioselectivity and very short reaction times (Scheme 17).112 Only, 0.3 

mmol catalyst per 1 mmol of the reactant was sufficient for this reaction. This reaction was 

completed after 3 min and the corresponding thiocyanohydrin was obtained, whereas in the 

absence of a catalyst, this reaction was completed after 10 min and corresponding thiirane was 

obtained as the only product. This reaction was performed in different solvents like acetonitrile, 

dichloromethane, PEG and water. Although the best result was obtained under solvent-free 

condition. Here, styrene oxide and 1,2-butene oxide gave regioisomer (I) according to the more 

important electronic effect. Furthermore, cycloalkyl epoxides were reacted smoothly in an SN2 

fashion with NH4SCN in the presence of a catalytic amount of MTSA to afford the 

corresponding β-hydroxy thiocyanates in excellent isolated yields. The authors have also 

demonstrated efficiency of MTSA by a comparison of other catalysts, such as silica sulfuric acid, 

Dowex, PEG-SO3H, B(HSO4)3, Mg(HSO4)2, Zn(HSO4)3 and Al(HSO4)3. However, MTSA was 

proved to be the best catalyst for this transformation. The catalyst could be easily separated and 

reused three times without significant loss of their activity. 

 

 

3.1.8) N-formylation of amines 

Previously, the N-formylation of amines by using formic acid were carried out in the presence of 

various catalysts, such as Amberlite IR-120,113 thiamine hydrochloride,114 polyethylene glycol115 

and ZnO116. However, many of these procedures are associated with one or more disadvantages 

such as expensive reagents, longer reaction time, tedious work-up, lower product yields, low 

selectivity and large amount of catalysts. Thus, Yang and co-workers have discussed an efficient 
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catalytic application of a melamine trisulfonic acid (MTSA) for the N-formylation of amines by 

utilizing formic acid under solvent-free conditions at the 60 oC (Scheme 18).117 The authors have 

also reported that anilines containing electron-withdrawing groups and electron-donating groups 

did not affect the reaction time and corresponding product yields. Moreover, aliphatic and 

secondary cyclic amines are also giving moderate yields of the product. The general reaction 

mechanism involves nucleophilic attack of amines on the protonation of the carbonyl group of 

formic acid, which leads to the formation of intermediates, which is transformed into the desired 

formylated product. 

 

 

3.2) Water mediated organic reactions catalyzed by MTSA 

3.2.1) Preparation of 3,3'-(arylmethylene)-bis-(4-hydroxy-2H-chromene-2-one) derivatives 

Iravani et al. have developed high yielding preparation of 3,3'-(arylmethylene)-bis-(4-hydroxy- 

2H-chromene-2-one) derivatives from the condensation reaction of two moles of 4- 

hydroxycoumarin and one mole of aromatic aldehydes, which catalyzed by melamine trisulfonic 

acid (MTSA) (Scheme 19).118 The reaction was carried out in the water at the 80 oC. The authors 

have also demonstrated various solvents in this synthesis for the comparative study. Although, 

water was demonstrated as the best solvent for this transformation as compared to others. The 
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authors were unsuccessful to get the product in the case of aliphatic aldehydes. The reason 

behind this occurs due to enolization of the alkyl aldehydes during the reaction. Whereas, 

benzaldehydes with electron-donating or electron-withdrawing groups were condensed into the 

corresponding products in excellent yield. The proposed mechanism for the synthesis of 

biscoumarin was also discussed by the authors, according to them at first proton activates 

carbonyl group of aromatic aldehyde, which increases the electrophilicity carbonyl carbon of 

aldehyde. Then the nuleophilic addition of 4-hydroxycoumarin to the activated aldehyde to give 

an intermediate and followed by loss of water to afford final intermediate, which is further 

activated by proton. Same way another molecule of 4-hydroxycoumarin is added to a final 

intermediate to give biscoumarin. As compared to MTSA, lower SSA loading was required to 

complete the reaction within a short period of time. While, higher product yield was obtained in 

the case of MTSA as compared to SSA.24 Furthermore, the catalyst could be recovered and 

reused seven times with only slight reduction in its catalytic efficiency. This sustainable protocol 

has numerous advantages such as clean reaction conditions, short reaction times and simple 

work-up process.  

 

Page 24 of 43RSC Advances

R
S

C
A

dv
an

ce
s

A
cc

ep
te

d
M

an
us

cr
ip

t



25 

 

3.2.2) Preparation of β-acetamido ketones 

β-Acetamido ketones are valuable organic intermediate for the preparation of highly important 

biologically important compounds.119-122 Zare has disclosed one-pot condensation reaction of 

acetophenones, aromatic aldehydes, acetonitrile and acetyl chloride in the presence of melamine 

trisulfonic acid (MTSA) as an environmentally friendly catalyst at room temperature, which 

afforded β-acetamido ketone in excellent yields (Scheme 20).123 The reaction was completed 

within the shortest reaction time, when the reaction was performed using 5 mol% of the catalyst. 

Different acetophenones and aldehydes bearing electron-donating and electron-withdrawing 

groups were efficiently reacted in this protocol. The catalyst could be recovered three times 

without significant loss of its activity. Previously different catalysts like Zr(HSO4)4,
124 ZnO,125 

ZrOCl2.8H2O
126 and CeCl3.7H2O

127 were used in this reaction, but they were not efficient as 

compared to MTSA. 

 

3.2.3) Tetrahydropyranylation of alcohols and phenols, acetylation of aldehydes and N-Boc 

protection of amines 

The hydroxyl, formyl and amino groups are present in a number of compounds of biological and 

synthetic interest. Protection of these functional groups during multi-step synthesis are important 
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processes. Shirini’s group has presented an environmentally friendly methodology for the 

tetrahydropyranylation of alcohols and phenols, acetylation of aldehydes and N-Boc protection of 

amines, which was catalyzed by melamine trisulfonic acid (MTSA) (Scheme 21a-c).128 All 

reactions were performed at room temperature in good to excellent high yields of the products. 

Different types of benzylic alcohols having both electron-withdrawing and electron-donating 

groups were tetrahydropyranylated with DHP in the presence of catalytic amounts of MTSA in 

dichloromethane at room temperature in good to excellent yield. This method was found to be 

useful for the protection of hindered secondary and tertiary alcohols. This method was also 

useful for the protection of phenols to their corresponding tetrahydropyranyl ethers. The 

acetylation of aldehydes with acetic anhydride was performed in the presence of catalytic 

amounts of MTSA in the absence of solvent at room temperature, to produce the desired 1,1-

diacetate in good to excellent yields. Aliphatic and aromatic aldehydes, were efficiently 

converted into the products with excellent yield. The authors have also performed the N-Boc 

protection of amines using (Boc)2O. Different types of amines, including aliphatics and 

aromatics were efficiently N-Boc protected with this protocol. For the protection of aldehydes 

MTSA exhibited excellent activity in terms of catalyst loading and product yield as compared to 

PEG-OSO3H.25
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3.2.4) Chemoselective methoxymethylation of alcohols 

Shirini’s group presented melamine trisulfonic acid (MTSA) as an environmentally friendly and 

reusable catalyst for chemoselective methoxymethylation of alcohols with dimethoxymethane 
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(DMM) in chloroform under reflux conditions (Scheme 22).129 However, Phenols could not be 

reacted under the same reaction conditions. A wide range of benzyl, alkyl and cyclo alkyl 

alcohols were efficiently undergoing methoxymethylation to afford corresponding products in 

excellent yields, which makes this protocol have wide synthetic utility. 

 

3.2.5) Acetylation of alcohols, phenols and amines 

The acetylation of alcohols with Ac2O have been reported previously by using various catalysts 

such as including cerium(III) triflate,130 Zr(HSO4)4,
131 NaHSO4.SiO2,

132 bismuth(III) salts,133 

silica sulfuric acid,134 gadolinium triflate,135 Al(OTf)3
136 Al(HSO4)3.

137 However, these protocols 

have one or more of the following disadvantages such as lower product yield, high temperature, 

longer reaction times, difficult work-up procedure, thermal instability of the reagents and 

formation of undesirable or toxic by-products. Therefore, Shirini et al. have also demonstrated a 
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sustainable methodology for the acetylation of alcohols, phenols and amines with acetic 

anhydride utilizing melamine trisulfonic acid (MTSA) as a reusable catalyst under mild and 

heterogeneous conditions (Scheme 23).138 These reactions were carried out in dichloromethane 

at room temperature. The authors have also concluded that the by-products resulting from the 

dimerization of diarylcarbinols, dehydration of tertiary alcohols, change in the configuration of 

optically active alcohols and Firese rearrangement of phenols were not observed with this 

methodology. After completion of the reaction, MTSA could be reused two times in 

subsequently two runs without significant loss in its activity. A wide range of alcohols, phenols 

and amines were efficiently converted into the products, which makes this protocol have wide 

synthetic utility. 
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3.2.6) Chemoselective oxathioacetalyzation of aldehydes 

Shirini et al. have discovered a green procedure for the chemoselective oxathioacetalyzation of 

aldehydes with 2-mercaptoethanol catalyzed by melamine trisulfonic acid (MTSA) in n-Hexane 

under reflux conditions, which afforded products in excellent yield (Scheme 24).139 Previously, 

different catalysts such as HCl,140 p-TSA,141 ZrCl4,
142 NBS,143 TBAB,144 alumina sulfuric acid145 

and Bi(NO3)3
60 were utilized in this transformation. Although they are not efficient as compared 

to MTSA in terms of product yields and reaction times. Aldehydes bearing electron-donating 

electron-withdrawing groups were efficiently converted to their corresponding 1,3-oxathiolane 

derivatives in good to high yields during relatively short reaction times. In addition, aliphatic 

aldehydes were also smoothly converted into the products efficiently. This method can be used 

for the chemoselective oxathioacetalyzation of aldehydes in the presence of ketones, because 

ketones were very stable in this reaction condition and can’t be reacted. The MTSA could be 

recovered and reused three times without significant loss of their efficiency. 

 

3.2.7) Solvents mediated preparations of O- and N-containing heterocyclic compounds 

3.2.7.1) Synthesis of 2-substituted benzothiazoles 

The Mansoor’s group has utilized melamine trisulfonic acid (MTSA) as an efficient and 

recyclable catalyst for the synthesis of 2-substituted benzothiazoles by condensation reaction of 
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aromatic aldehydes and o-aminothiophenol in water at the 70 oC (Scheme 25).146 Various 

oxidative reagents and catalysts, such as CTAB, FeCl3/Montmorillonite K-10, ZnO-beta zeolite, 

KAl(SO4)2.12H2O, silica sulfuric acid, iodine, H2O2/CAN and H2O2/HCl have all been used in 

the reaction.147 However, they do not give efficient results as compared to MTSA. The authors 

have examined various solvents such as methanol, ethanol, dichloromethane, 1,4-dioxane, THF, 

acetonitrile, DMF, ethyl acetate, chloroform and water. Although, the best conversion was 

obtained, when the reaction was performed in water. Only, 0.05 mmol of MTSA was sufficient 

for this conversion. The catalyst could be recycled and reused four times without any additional 

treatment or appreciable reduction in catalytic activity. 

 

3.2.7.2) Preparation of 7,8-dihydro-10-aryl-5H-indeno[1,2-b]quinoline-9,11-diones 

Shirini and co-workers have demonstrated a green protocol for the preparation of 7,8-dihydro- 

10-aryl-5H-indeno[1,2-b]quinoline-9,11-diones via a one-pot four component condensation of 

aromatic aldehydes, dimedone, 1,3-indandione and ammonium acetate using melamine 

trisulfonic acid (MTSA) as a recyclable catalyst in ethanol (Scheme 26).148 A 50 mg loading of 

MTSA was found to be sufficient to promote the reaction in forward direction. Good yields were 

obtained using aromatic aldehydes with electron-donating or electron-withdrawing substituents. 

Aromatic aldehydes with electron-withdrawing groups yielded the products in a short time rather 

than electron-donating ones. The authors have also discussed this synthesis with mechanistic 

point of view, according to them in the first step Knoevenagel product was formed via 

condensation of aldehydes and active methylene compounds. The second key intermediate is 

enamine, produced by the condensation of dimedone with ammonia. Condensation of these two 

fragments gives the acyclic Michael adduct, which undergoes intermolecular cyclization with the 

participation of the amino function and one of the indanedione carbonyl groups to form the 

dihydroindenoquinoline in good yield. The catalyst could be recycled and reused three times 

without significant loss of activity. 
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3.2.7.3) Synthesis of spiro[pyrazolo[3,4-b]pyridine-4,3-indoline] derivatives 

Yang et al. have discussed an efficient protocol for the synthesis of spiro[pyrazolo[3,4-

b]pyridine-4,3-indoline] derivatives by the three component reaction of isatins, 3-methyl-1-

phenyl-1H-pyrazol-5-amine and Meldrum’s acid in the presence of a catalytic amount of 

melamine trisulfonic acid (MTSA) in water under reflux conditions (Scheme 27).149 The authors 

have demonstrated comparison study of various catalysts such as sulfuric acid, p-TSA, sulfamic 

acid and FeCl3 with MTSA. Use of an inexpensive, non-toxic, reusable and an easily available 

catalyst makes this protocol green and clean. 

 

3.2.7.4) Synthesis of 4,4’-(Arylmethylene)-bis-(1H-pyrazol-5-ols) 

Iravani and co-workers discussed catalytic application of a melamine trisulfunic acid (MTSA) as 

a recyclable catalyst for the condensation reaction of aromatic aldehydes with 3-methyl-l-phenyl- 

2-pyrazolin-5-one in ethanol under refluxing conditions, which afforded products in excellent 

yields (Scheme 28).150 Only, 15 mol% of catalyst was sufficient for this conversion. Different 

benzaldehydes with electron-donating or electron-withdrawing groups were smoothly reacted 

with this protocol to afforded products in excellent yields. The recycled catalyst could be reused 

five times without significant loss of their efficiency. As compared to CSA, MTSA shows good 

efficiency for this synthesis in terms of product yield and reaction time.24 
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4) Conclusion: 

In summary, we gave an overview on application of, melamine trisulfunic acid (MTSA) as an 

efficient, recyclable and heterogeneous catalyst in organic reactions. This catalyst with mild 

acidity, have shown excellent activity in various chemical reactions especially organic synthesis. 

Excellent accessibility, biodegradability, thermal stability and inexpensiveness are significant 

properties of this catalyst. The superior advantage of this heterogeneous catalyst is that it can be 

recovered and reused several times without the loss of their efficiency. A wide range of the 

reactions catalyzed by MTSA were carried out under solvent-free conditions, which makes those 

protocols green and clean. Here, MTSA proved to be a recyclable, green, and highly effective 

solid acid catalyst for a wide range of organic transformation and no doubt we will see large 

number of organic transformation catalyzed by MTSA. 
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