An Overview of Synthetic Applications of s-Trichlorotriazine


Abstract: The organic chemistry always required chemical entities and scaffolds which are easily available and amenable to diversify. Some chemical reactions do not occur or are difficult to operate ordinarily; have been effectively carried out in the presence of catalysts. Methods utilising organic catalysis have gained prominence in this regard. The use of organic catalysts in organic synthesis has an added advantage over traditional methods. Numerous methods have been developed, but most of them have several drawbacks such as toxic reagent, harsh conditions, low yields. Among these efforts, catalysis and the development of innovative processes that eliminate the use of harmful chemicals have received a lot of attention. The present work describes literature regarding s-trichlorotriazine (TCT) with emphasis on its application in synthetic chemistry. TCT being in-expensive and easily available material, will serve as an attractive and dynamic scaffold. Because of its selectivity, mildness, improved efficiency, and lack of toxic reagents and by-products, s-trichlorotriazine (TCT) has received a lot of interest as a reagent in organic synthesis. A brief discussion highlighting the importance of TCT as a catalyst and reagent in organic synthesis has been presented in this review paper.

Introduction: Triazines are an intriguing class of aromatic heterocyclic compounds with the chemical formula C3H3N3 with three nitrogen atoms replacing carbon-hydrogen units in the benzene ring structure. There are three distinct triazine systems depending on the position of the nitrogen atom: 1,2,3-triazine (1), 1,2,4-triazine (2), and 1,3,5-triazine (3). 1,3,5-triazine is also known as s-triazine or symmetrical triazine. The isomeric form s-triazines is the oldest and best studied of the isomeric forms.1-6


The chemistry of this class of compounds has been extensively investigated. The lead structure s-triazine is widely utilised in pharmacology, insecticides, dyes, and agriculture industries. They are employed in oil field applications as preservatives, disinfectants, industrial deodorants, and water treatment biocide. Various chemical reactions have been successfully carried out using TCT as an organic catalyst, with good to outstanding yields. Some common derivatives of s-triazine are shown in figure 2. The chemistry of triazine was altered to make simazine, a widely used herbicide, and melamine resins. s-Triazine-based dendrimers were studied for drug delivery applications.6


s–Trichlorotriazine (TCT) in Organic synthesis: Some chemical reactions that do not occur or are difficult to operate ordinarily have been effectively carried out in the presence of catalysts (homogeneous, heterogeneous, or organic catalyst). Catalysts play a significant part in such processes. The primary focus of research is to create efficient, quick, and diverse procedures involving the use of organic catalysts. Methods utilising organic catalysis have gained prominence in this regard. The use of organic catalysts in synthesis has an added advantage over traditional methods since it eliminates severe conditions, extended reaction periods, and time-consuming workup procedures. It is still difficult to develop various novel methodologies for the synthesis of many chemicals. Among these efforts, catalysis and the development of innovative processes that eliminate the use of harmful chemicals have received a lot of attention. Because of its selectivity, mildness, improved efficiency, and lack of toxic reagents and by-products, s-trichlorotriazine has received a lot of interest as a reagent in organic synthesis.
In 1895, Nef synthesised s-triazine from hydrogen cyanide and ethanol in an ether solution saturated with hydrogen chloride. Nef misidentified the product as a dimeric species. However, Grundmann and Kreutzberger demonstrated in 1954 that the chemical was s-triazine, a trimer of hydrogen cyanide. Trimerization is used to create triazines from cyanic acid amide (1, 3, 5-triazine). TCT was initially produced in 1827 by Serullas, who used sunshine to convert cyanogen chloride to cyanuric chloride. TCT is now generated through the trimerization of chlorinated hydrocyanic acid.


TCT serves as an attractive and dynamic scaffold in synthetic and catalytic applications. TCT (also known as cyanuric chloride) was researched for its practical applications in organic synthesis as an s-triazine derivative. Triazines are weak bases. Because TCT has substantially lower resonance energy than benzene, its capacity to undergo nucleophilic aromatic substitution is its most crucial property (SNAr). TCT has three chlorine atoms that may be easily changed with a variety of substituents by changing the temperature, allowing for the synthesis of a wide range of targets ranging from tiny molecules to huge dendrimers. TCT also serves as a template for three separate groups to produce a variety of products. Because of these qualities, TCT is a popular catalyst in organic processes. It can be employed as an analogous acid chloride equivalent in a variety of organic transformations, including chlorination, dehydration, and coupling reactions.1, 4
















Picture  1: s–Trichlorotriazine (TCT) in Organic synthesis
Orthogonal Chemoselectivity: Orthogonal Chemoselectivity refers to the ability to distinguish between reactive sites in any order. TCT is unique in that it undergoes temperature-dependent differential displacement of chlorides with nucleophiles during SNAr to produce mono-, di-, and tri-substituted s-triazines. Temperature can be used to manage chlorine substitution, allowing it to proceed in a stepwise fashion.The first replacement happens at 0 °C, the second at around room temperature, and the third at increased temperatures of 70–100 °C. This is an empirical rule that provides a broad concept; variances from these conditions may occur. This characteristic enables the replacement of three different nucleophiles on the same triazine core functioning as a crosslinker employing amine (NH), thiol (SH), and alcohol/phenol (OH/pOH) as nucleophiles, resulting in a wide range of triazine derivatives and applications. The order of incorporation of the different nucleophiles into the TCT core was discovered to be alcohol, thiol, and amine.4, 6, 7


Covalent TCT framework: Liu et al.8 reported that covalent triazine frameworks (CTFs) are an interesting new type of porous organic material (POP) with certain unusual properties, such as an aromatic C=N linkage (triazine unit) and no weak bonds. CTFs have great chemical stability and a high nitrogen content due to the strong aromatic covalent bonds, which adds value to a wide range of practical applications, as well as the fascinating heteroatom effect (HAE). CTFs are a novel type of porous organic material that is gaining traction. Because of their high nitrogen content and good stability, CTFs are projected to be one of the most promising porous materials in industrial applications. Because of their unique properties, CTFs are appealing for a wide range of applications, including gas separation and storage, energy storage, photocatalysis, and heterogeneous catalysis.


Beckmann rearrangement: The rearrangement of ketoximes to the corresponding amide is known as the Beckmann rearrangement. It involves the simultaneous breakage of a carbon–carbon bond and the creation of a carbon–nitrogen bond. TCT-DMF combination has been used for Beckmann rearrangement at room temperature. By dissolving TCT in DMF and then adding ketoxime, the complex is easily produced. The reaction produces cyanuric acid, which is easily eliminated by aqueous work up, and the necessary product is produced in high yield and purity.Aldoximes react variably with TCT-DMF complex to generate nitriles in quantitative yield under the same reaction circumstances.9


Suzuki–Miyaura coupling: TCT has been used for the selective activation of C-O bond of phenol group and subsequently reacted with arylboronic acids in presence of Ni as catalyst, base in one pot to form biaryl product.38











Sonogashira coupling: TCT loaded on polyethylene glycol (PEG) 4000 forms a new supporting mild conditions reagent which was used to carry out liquid-phase Sonogashira coupling reaction giving alkynyl benzamide derivatives in high yield.10



Swern oxidation: Luca et al. employed TCT in combination with DMSO as an oxidizing agent. The DMSO reacts with TCT forming a complex which can be used to oxidize alcohols to give the carbonyl compound.39


Mannich reaction: TCT employed by Nemati et al. for the catalysis of three-component Mannich-type reaction of acetophenone, aromatic aldehydes, and aromatic amines.40


Biginelli reaction: Jogula et al. employed TCT as a catalyst for the coupling of β-ketoester, aldehydes, and urea (or thiourea) in one pot fashion to form dihydropyrimidinones/thiones.41


Friedländer annulations: TCT has been used by Bandgar et al. to obtain polysubstituted quinolines through the cyclodehydration of ketones under aqueous conditions in high yield.42


Ferrier rearrangement: Yang et al.11 reported the synthesis of 2,3-unsaturated o-glycosides from 3,4,6-tri-o-acetyl-D-glucal and a wide range of alcohol by using TCT as an efficient catalyst in DCM at room temperature.


Pictet–Spengler reaction: Sawant  et al.12 carried out the 6-endo cyclization of aldehydes by employing TCT in catalytic amount in DMSO as solvent under inert atmosphere condition. This methodology works well with both electron-withdrawing and electron-donating aldehydes.


Lossen rearrangement: Hamon et al.13 employed TCT as promoter for the synthesis of cabamides, carbamates, thiocarbamates from hydroxamic acid in good yields.


Synthesis of sulphonamides: Luca et al.14 reported microwave-assisted TCT mediated activation of various sulfonic acids followed by attack with different nitrogen based nucleophiles in one pot manner resulting to form sulphonamides with high yield and good functional group tolerance. The same reaction also worked well with sodium salt of sulfonic acid.












Conversion of sulfonic acids to sulfonyl chlorides: TCT has been used as chlorination source for the conversion of sulfonic acids or its salt sodium sulfonates to form sulfonyl chlorides in presence of catalytic amount of 18-crown-6 under reflux condition with good to excellent yields.15



TCT as chlorinating agent
Conversion of alcohols to alkyl chlorides: Luca et al.16 reported TCT-DMF in combination a rapid and high yielding method for the conversion of alcohols and β-amino alcohols to corresponding alkyl halides with good yields at rt in DCM. 


The reaction of TCT with DMF produce a compound known as Gold’s salt.4 The imminium salt prepared by Gold in 1960 is a Vilsmeier-Hack type reagent. The reagent transforms amines to N,N-dimethylamidines, ketones to N,N-dimethylenamino ketones, and amides to N’-acylN,N-dimethylformamidines as shown below.


Michael addition of indoles to nitroolefins: Yang et al.17 reported the use of TCT as a mild and efficient catalyst for the Michael addition of indoles to nitroolefins under solvent free condition at 70 0C. The reaction is activated by insitu-generated HCl from TCT and moisture. The same reaction does-not proceed under dry condition. 


Synthesis of 2H-indazolo[2,1-b]phthalazine-1,6,11(13H)-trione derivatives: Wang et al. reported the synthesis of phthalazines by using TCT as catalyst under reflux condition for 25 min.44


Etherification of benzyl alcohols: Combination of TCT and DMSO in methanol or ethanol has been used for the selective conversion of benzyl alcohols into their methyl or ethyl ethers.43


Synthesis of β-amino alcohols: Kamble et al.18 developed an efficient approach for the synthesis of β-amino alcohols by using TCT in catalytic amount under solvent free condition for the ring opening of epoxides with amines giving  excellent yield in a short reaction time.


Synthesis of Substituted 3-E-styryl-2H-chromenes and 3-E-styryl-2Hthiochromenes: TCT and DMF in anhydrous DCM is used for the synthesis of 2H-chromenes and 2H-thiochromenes in good yields.45


Conversion of alcohols into N-alkylphthalimides: TCT-DMF complex has been used by Mokhtari et al. for the one pot synthesis of N -alkylphthalimides from alcohols via dimethylammonium chloride intermediate avoiding the use of expensive and explosive reagent like diethylazodicarboxylate (DEAD) or toxic reagent such as oxalyl chloride.46


Synthesis of spiro derivatives: TCT in presence of moisture has been used for the synthesis of spiro[pyrazolo[3,4-b]pyridine-4,3-indoline] and spiro [benzo[H] pyrazolo[3,4-b]quinoline-4,3-indoline] derivatives by the one-pot condensation of isatins, 3-methyl-1-phenyl-1H-pyrazol-5-amine, and Meldrum’s acid or 2-hydroxy-1,4-naphthoquinone under solvent-free conditions.47


Synthesis of 1,4-dihydropyridines: Tale et al.19 reportedTCT in combination with silica catalyses multicomponent  reaction between aldehydes, 1,3-dicarbonyl compounds and ammonium acetate to yield 1,4-dihydropyridines at room temperature under solvent-free condition.


Synthesis of benzothiazepines: Sun et al. reported the synthesis of 1,3-diaryl-2,3-dihydro-1,5-benzothiazepines catalysed by TCT. In presence of moisture TCT results in the formation of in situ generated HCl which activates the carbonyl group to form carbocation followed by nucleophilic attack by NH2 group and dehydration.48


Synthesis of N-sulfonyl imines: Wu et al. reported the reaction of sulfonamides with aryl aldehydes catalysed by in situ-generated HCl pproduced by the reaction of TCT with ambient moisture giving N-sulfonyl imines as final product with cyanuric acid as by-product which can be easily removed by washing.49


Synthesis of thiiranes from oxiranes: TCT has been used by Bandgar et al.20 for the chemical transformation of oxiranes to thiiranes at room temperature under solvent-free conditions. 


Transthioacetalization: Bandgar et al. employed TCT for the selective transthioacetalization of aldehyde acetals and oxathioacetals to the corresponding S,S-acetals in quantitative yields.50


Synthesis of β-enamino esters from β-ketoesters: An attractive methodology involving the use of TCT to synthesis β-enaminoesters in excellent yields by grinding thesubstrate β-ketoesters at 25 °C under solvent-free conditions in a short reaction time.51 


Tetrahydropyranylation of alcohols and phenols: Tetrahydropyranyl moiety possess good stability and tolerability against hydrides, alkylating agents, Grignard reagents, and organometallic reagents and hence used to protect alcohols and phenols peptides, nucleosides, nucleotides, carbohydrates, and steroids. TCT has been used to tetrahydropyranylate alcohols and phenols in ACN in good to excellent yields. 


Synthesis of 5-substituted-1H-tetrazoles: TCT acts as source of HCl to catalyse the cycloaddition reaction of nitrile compound with azide source to form the desired tetrazole product.


Conversion of primary alcohols to formate esters: Luca et al. employed TCT/DMF complex for the selective conversion of primary hydroxyl group to formate esters at rt in DCM in presence of lithium fluoride. This methodology did not work with 20, 30, benzylic, allylic, and propargylic alcohols and phenols. 


Conversion of formamides to isonitriles: Porcheddu et al. developed an effective TCT mediated microwave assisted method for the conversion of formamides to isonitriles with high yields via formation of an O-acylated intermediate. 


Triazine-Based Cationic Leaving Group :  Fujita et al.21 described acid-catalyzed alkylation of O- and C-nucleophiles using  a TCT-based cationic leaving group. The rapid production of carbocation species in the presence of trifluoromethanesulfonic acid (200 mol%) is aided by two synergistic driving forces stable CO bond formation and charge-charge repulsive effects. In comparison to typical leaving groups like trichloroacetimidate and bromide, the triazine-based leaving group showed higher p-nitrobenzylation yield and stability.


TCT based glycosyl donors for lactosylation: Tanaka et al.22 developed new method for the synthesis of glycosidic compounds, 4,6-dialkoxy-1,3,5-triazin-2-yl β-lactosides directly by the reaction of lactose without protection in water using TCT-type agents in aqueous media.


Benzylation:Yamada et al.23 reported 2,4,6-tris(benzyloxy)-1,3,5-triazine (TriBOT), which can be employed as an acidcatalyzed O-benzylating reagent. The benzyl ethers were obtained in good yields by reacting different functionalized alcohols with TriBOT in the presence of trifluoromethanesulfonic acid.23


Conversion of phenol to nitrile: Wang et al.24 described the cyanation of phenol derivatives activated by TCT with aminoacetonitrile as the cyanating agent is described utilising nickel as the catalyst. The intended products were produced in moderate to good yields with good substrate compatibility using this catalytic system. The proposed approach is distinguished by its readily available starting ingredients, cost-effective nickel catalyst, and metal-free cyanating agent.


Activation of carboxylic acid with TCT: TCT is a catalyst of choice for the activation of carboxylic acid. Literature report suggest the reaction of carboxylic acids with TCT has been used in various functional transformations.25 Some literature reports claim acid chloride and others acylated s-triazine as an intermediate, but there is a lack of direct proof of its formation.


Picture 2 : Activation of carboxylic acid with TCT
Reduction of Carboxylic Acids to Alcohols: Falorniet al.26 reported the reduction of carboxylic acids and N-protected amino acids by activating with TCT followed by reduction to their corresponding alcohols with sodium borohydride in water.


Conversion of carboxylic acids to amides: Rayle and Fellmeth27 developed a TCT mediated  process  for the transformation of carboxylic acid to amides. This method provides advantage over traditional methods in cases where acid chloride produced from carboxylic acid are difficult to handle because of safety and stability. 


Conversion of carboxylic acid to N-Acylsulfonamides: Using TCT Rad et al.14, 28 developed a highly efficient one-pot synthesis of Nacylsulfonamides. In this methodology, structurally varied carboxylic acids and sulfonamides are reacted in anhydrous acetonitrile at room temperature in the presence of TCT, triethylamine, and alumina to generate several N-acylsulfonamides in excellent yields.


Conversion of carboxylic acids to diazoketones: Forbes et al. carried out the synthesis of diazoketones in water, in a one-pot procedure from aryl carboxylic acids by activating it with TCT and subsequent reaction with diazomethane giving diazocarbonyl compounds with moderate yields with significant amount of methyl esters as a by-product. This methodology works well with electron deficient and neutral carboxylic acid than electron rich and aliphatic carboxylic acid.


Conversion of carboxylic acids to Acyl azide: Bandgar et al.29 reported an efficient method for the synthesis of acyl azides from carboxylic acids and sodium azide utilising TCT as an activating agent. This method works well with various aryl, heteroaryl, alkylaryl, and alkyl carboxylic acids.


Conversion of carboxylic acids to hydroxamic acids: Giacomelli et al. reported a one step method for the transformation carboxylic acid or N-protected α-amino acid to hydroxamic acids. The carboxylic acid or N-protected α-amino acid was reacted with TCT followed by attack with hydroxylamine hydrochloride. This method is used for the synthesis of enantiopure hydroxamate of α-amino acids and peptides.52 


Synthesis of Weinreb amides: Luca et al.30 reported the use of TCT derivatives as coupling reagent for the synthesis of N-methoxy-N-methylamides commonly known as weinreb amide in one pot fashion by coupling different carboxylic acid with the required hydroxylamine derivative.31


Conversion of carboxylic acids to aldehydes or alcohols: Falorniet al.32 activated carboxylic acid by treating it with TCT derivatives and subsequent reduction with H2 (1 atm) supported on Pd catalyst (Pd/C 10%) at rt to give corresponding aldehyde. Alcohol formation was observed if the reaction was carried out for longer time or higher hygrogen pressure was employed.


Conversion of carboxylic acid to ketones: Luca et al.33 reported the synthesis of ketones in quantitative yields by forming activating complex of carboxylic acid and amino acids with TCT and subsequent reaction with Grignard /CuI reagent. 


Conversion of carboxylic acid to oxazolines: Kangani et al.34 developed a one pot direct method for the preparation of  oxazolines and oxadiazoles from carboxylic acids using TCT and indium. 2-amino-2-methyl-1-propanol gives ω-hydroxyamides as major product. But in presence of indium (In) catalyst, it gives oxazolines in pure form and high yields. 


On performing the same reaction with hydrazides, 1,3,4-oxadiazoles were obtained.


Conversion of carboxylic acid to amide and ester: Huy et al.35  reported new and widely applicable methods for forming amide C-N and ester C-O bonds. TCT the most cost-effective reagent for OH group activation, was used in an amount of ≤ 40 mol% relative tostarting material (100 mol%) in presence of formylpyrrolidine (FPyr) as a Lewis base catalyst. The new approach features excellent cost efficiency, waste balance, and scalability (up to > 80g). Also, highly functional groupsproven compatibility with acid-labile acetals and silyl ethers, even peptides C-N bond can be formed. Using TCT in amidation processes yields are significantly improved and promoting esterification for the first time in syntheticly useful yield. These important improvements are streamlined by activation using TCT.


Acylation of piperazine: Bandgar et al.36 developed straightforward protocol for acylation of piperazine by activating carboxylic acid with TCT in DCM at rt. Luca et al. described the formylation of amines by forming active ester of formic acid with TCT under microwave irradiation.



Conversion of carboxylic acids to N-benzoylthioureas: Gholap et al.37 established a unique and efficient one-pot process for the synthesis of N-benzoylthiourea derivatives from carboxylic acid using s-trichlorotriazine (TCT). The reaction of TCT with carboxylic acid to form activated ester as an intermediate followed by reaction with ammonium isothiocyanate and by aliphatic or aromatic amines yielded N-benzoylthiourea derivatives.



Conclusion: In summary, this review highlights the advantages of TCT as an organic reagent and catalyst mediating reactions in terms of cost effectiveness, more environments friendly, eliminating severe conditions, extended reaction time, and tedious workup procedures. Because of its selectivity, mildness, improved efficiency, and lack of toxic reagents and by-products, s-trichlorotriazine has received a lot of interest as a reagent in organic synthesis. The primary focus of synthetic chemistry is to create efficient, quick, and diverse procedures involving the use of organic catalysts. Among these efforts development of innovative methodologies that eliminate the use of harmful chemicals have received a lot of attention. 
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