An Overview of Synthetic Applications of s-Trichlorotriazine


Abstract: Organic synthesis often relies on readily available and versatile scaffolds that can be efficiently modified into diverse functional molecules. In many cases, reactions that are difficult to perform under conventional conditions can be successfully achieved using suitable catalysts. In recent years, organic catalysis has gained increasing attention because it frequently offers milder conditions, improved selectivity, and environmentally safer alternatives compared to traditional reagent-based methods. Among the various reagents explored for this purpose, s-trichlorotriazine (TCT), also known as cyanuric chloride, has emerged as an inexpensive and highly effective scaffold in synthetic chemistry. Due to its remarkable chemoselectivity, operational simplicity, and reduced formation of toxic by-products, TCT has been widely applied in numerous organic transformations. This review summarizes the reported literature on the synthetic applications of s-trichlorotriazine, highlighting its importance as both a catalyst and a reagent in modern organic synthesis.
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Introduction: Triazines represent an important class of aromatic heterocyclic compounds with the molecular formula C₃H₃N₃, in which three nitrogen atoms replace carbon–hydrogen units of the benzene ring. Depending on the arrangement of nitrogen atoms, triazines exist in three isomeric forms: 1,2,3-triazine, 1,2,4-triazine, and 1,3,5-triazine. The 1,3,5-triazine system, commonly referred to as s-triazine or symmetrical triazine, is the most extensively studied member of this family.1-6


The chemistry of s-triazine derivatives has been widely explored due to their broad significance in pharmaceuticals, agrochemicals, dyes, and industrial applications. Triazine-based compounds have found use as herbicides, preservatives, disinfectants, and biocides in water treatment processes. Furthermore, advanced architectures such as triazine dendrimers have also been investigated for drug-delivery applications.6
In this context, s-trichlorotriazine (TCT) has emerged as a highly valuable reagent in synthetic chemistry. Its ability to undergo nucleophilic aromatic substitution reactions in a controlled, stepwise manner allows selective functionalization of the triazine core. This unique reactivity makes TCT an attractive scaffold for the preparation of diverse molecular architectures, ranging from small organic compounds to advanced polymeric and dendritic systems.
Because of its low cost, commercial availability, mild reaction conditions, and environmentally favorable profile, TCT continues to play an important role in the development of efficient and sustainable synthetic methodologies.


s–Trichlorotriazine (TCT) in Organic synthesis: Many organic transformations that are difficult to achieve under ordinary conditions can be successfully performed using catalysts, including homogeneous, heterogeneous, or organic catalysts. The development of efficient, rapid, and environmentally friendly catalytic procedures remains a major focus in synthetic research. Organic catalysis, in particular, has gained prominence because it often eliminates the need for harsh reaction conditions, prolonged reaction times, and tedious work-up procedures. Among the reagents used in this field, s-trichlorotriazine (TCT) has received significant attention due to its selectivity, mildness, and ability to promote reactions with minimal toxic waste.
Historically, s-triazine was first synthesized in the late nineteenth century, although its structure was initially misunderstood. Later studies confirmed it as a trimeric form of hydrogen cyanide. Cyanuric chloride (TCT) itself was first prepared in 1827 through the photochemical trimerization of cyanogen chloride. Today, it is industrially produced through the controlled trimerization of chlorinated hydrocyanic acid.




TCT is particularly useful in synthesis because of its reduced resonance stabilization compared to benzene, which enhances its susceptibility toward nucleophilic aromatic substitution (SNAr). Its three chlorine atoms can be sequentially displaced under temperature-controlled conditions, allowing stepwise introduction of different substituents. This property enables the synthesis of a wide variety of functionalized triazine derivatives and makes TCT a powerful scaffold for catalytic and synthetic applications. In addition, TCT can serve as an acid chloride equivalent in several transformations, including chlorination, dehydration, coupling, and activation reactions, further expanding its utility in modern organic chemistry.1, 4






Figure 1: s–Trichlorotriazine (TCT) in Organic synthesis







Orthogonal Chemoselectivity: Orthogonal chemoselectivity refers to the ability to selectively differentiate between multiple reactive sites within a molecule, allowing transformations to occur in a controlled and predictable order. A distinctive feature of s-trichlorotriazine (TCT) is its temperature-dependent stepwise substitution of chlorine atoms through nucleophilic aromatic substitution (SNAr). TCT undergoes sequential displacement of its three chloride groups under progressively increasing temperature conditions. Typically, the first substitution occurs at approximately 0 °C, the second at or near room temperature, and the third requires elevated temperatures in the range of 70–100 °C. Although these conditions serve as a useful empirical guideline, variations may occur depending on the nucleophile and reaction environment. This stepwise reactivity enables selective incorporation of different nucleophiles such as alcohols, thiols, and amines onto the same triazine core. Because of this property, TCT is frequently used as an efficient crosslinking scaffold in the synthesis of multifunctional triazine derivatives. Studies have shown that the relative order of nucleophile incorporation generally follows the trend: alcohols > thiols > amines.4, 6, 7


Covalent TCT framework: Covalent triazine frameworks (CTFs) have recently emerged as an important class of porous organic materials with unique structural and functional characteristics. These frameworks contain aromatic triazine (C=N) linkages, which provide exceptional chemical stability due to the absence of weak bonds. CTFs are particularly attractive because of their high nitrogen content, which enhances their applicability across a wide range of fields through heteroatom effects. Their robust aromatic networks make them promising candidates for industrial and technological applications. Because of their stability, porosity, and tuneable structures, CTFs have been explored in gas storage and separation, energy storage devices, photocatalysis, and heterogeneous catalysis. As a result, triazine-based porous frameworks are increasingly regarded as one of the most versatile families of porous organic polymers.8


Beckmann rearrangement: The Beckmann rearrangement is a well-known transformation in organic synthesis involving the conversion of ketoximes into the corresponding amides. Mechanistically, the reaction proceeds through simultaneous cleavage of a carbon–carbon bond and formation of a new carbon–nitrogen bond. A mild and efficient approach employs a TCT–DMF system, which promotes the Beckmann rearrangement under room-temperature conditions. The reactive complex is generated by dissolving TCT in DMF followed by addition of the ketoxime substrate. An important advantage of this methodology is that the reaction produces cyanuric acid as a benign by-product, which can be easily removed during aqueous work-up. The desired amide products are typically obtained in high yields with excellent purity. Interestingly, aldoximes behave differently under identical conditions, often undergoing dehydration to form nitriles quantitatively.9


Suzuki–Miyaura coupling: TCT has also been applied in transition-metal-catalyzed cross-coupling chemistry. In particular, it has been used for selective activation of the C–O bond in phenolic substrates. Following activation, these intermediates can react with arylboronic acids in the presence of nickel catalysts and suitable bases in a one-pot process, leading to the formation of biaryl compounds. This strategy highlights the role of TCT as an enabling reagent for coupling reactions that involve otherwise inert phenolic C–O bonds.38


Sonogashira coupling: A polymer-supported form of TCT, prepared by immobilization onto polyethylene glycol (PEG-4000), has been reported as a mild and efficient reagent for liquid-phase Sonogashira coupling reactions. Under these conditions, alkynyl benzamide derivatives can be synthesized in high yields, demonstrating that supported TCT reagents can provide operational simplicity along with excellent synthetic performance.10



Swern oxidation: TCT has been utilized as an activating reagent in oxidation chemistry. When combined with dimethyl sulfoxide (DMSO), TCT forms an intermediate complex capable of oxidizing alcohols into the corresponding carbonyl compounds. This TCT–DMSO system represents a practical alternative to traditional Swern oxidation conditions, offering a convenient route to aldehydes and ketones under mild reaction environments.39


Mannich reaction: Nemati and co-workers reported the use of TCT as a catalyst for three-component Mannich-type reactions involving acetophenones, aromatic aldehydes, and aromatic amines. The method provides an efficient route to β-amino carbonyl compounds with good yields, demonstrating the usefulness of TCT in multicomponent carbon–carbon and carbon–nitrogen bond-forming reactions.40


Biginelli reaction: Jogula et al. demonstrated that TCT effectively catalyzes the one-pot Biginelli reaction between β-ketoesters, aldehydes, and urea (or thiourea). This transformation provides access to dihydropyrimidinones and dihydropyrimidinethiones, valuable heterocycles with broad pharmaceutical relevance.41


Friedländer annulations: Bandgar et al. employed TCT as an efficient catalyst for Friedländer annulation reactions, enabling the synthesis of polysubstituted quinolines through cyclodehydration of ketones under aqueous reaction conditions. The protocol affords quinoline derivatives in excellent yields and highlights the applicability of TCT in heterocycle construction.42


Ferrier rearrangement: Yang et al. reported that TCT serves as an efficient catalyst for the synthesis of 2,3-unsaturated O-glycosides via Ferrier rearrangement. The reaction of 3,4,6-tri-O-acetyl-D-glucal with various alcohols proceeds smoothly in dichloromethane at room temperature, providing glycosylated products under mild conditions.11


Pictet–Spengler reaction: Sawant  et al.12 developed a mild cyanuric chloride-catalyzed Pictet–Spengler cyclization. Using catalytic amounts of TCT in DMSO under inert atmosphere, aldehydes undergo 6-endo cyclization efficiently. The methodology is compatible with both electron-rich and electron-deficient aldehydes, demonstrating the broad functional group tolerance of TCT-based catalysis.



Lossen rearrangement: Hamon et al.13 demonstrated that TCT can serve as an efficient promoter for the Lossen rearrangement. In this transformation, hydroxamic acids are converted into reactive isocyanate intermediates, which subsequently yield carbamides, carbamates, or thiocarbamates. The methodology proceeds under mild conditions and provides the desired products in good yields, highlighting the versatility of TCT in rearrangement chemistry.


Synthesis of sulphonamides: Luca et al.14 reported a convenient microwave-assisted protocol in which TCT mediates the activation of sulfonic acids, followed by nucleophilic attack from nitrogen-based reagents. This one-pot approach efficiently produces sulfonamides in high yields and exhibits good tolerance toward various functional groups. Notably, the reaction is also effective when sodium sulfonate salts are used instead of free sulfonic acids, further enhancing its synthetic practicality.












Conversion of sulfonic acids to sulfonyl chlorides: TCT has been employed as a chlorinating source for the transformation of sulfonic acids or sodium sulfonates into sulfonyl chlorides. In the presence of catalytic amounts of 18-crown-6 under reflux conditions, sulfonyl chlorides are obtained in good to excellent yields. This method offers a mild and efficient alternative to traditional chlorination protocols.15



TCT as chlorinating agent
Conversion of alcohols to alkyl chlorides: Luca et al.16 developed a rapid and high-yielding procedure for converting alcohols and β-amino alcohols into the corresponding alkyl chlorides using a TCT–DMF system. The transformation proceeds efficiently at room temperature in dichloromethane, demonstrating that TCT-based reagents provide a mild and practical route for halogenation reactions.


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 that TCT acts as a mild and efficient catalyst for the Michael addition of indoles to nitroolefins under solvent-free conditions at 70 °C. The catalytic activity arises from in situ generation of HCl through the reaction of TCT with trace moisture. Interestingly, the reaction does not proceed effectively under completely dry conditions, confirming the importance of moisture-assisted activation.


Synthesis of 2H-indazolo[2,1-b]phthalazine-1,6,11(13H)-trione derivatives: Wang et al. described the preparation of 2H-indazolo[2,1-b]phthalazine-1,6,11-trione derivatives using TCT as a catalyst. The reaction proceeds under reflux conditions and is typically completed within 25 minutes, affording the desired heterocyclic products efficiently.44


Etherification of benzyl alcohols: A combination of TCT and DMSO in alcoholic solvents such as methanol or ethanol has been shown to selectively convert benzyl alcohols into the corresponding methyl or ethyl ethers. This protocol provides a chemoselective etherification method under mild reaction conditions.43


Synthesis of β-amino alcohols: Kamble et al.18 developed an efficient solvent-free strategy for the synthesis of β-amino alcohols through the ring opening of epoxides with amines. Using catalytic amounts of TCT, the reactions proceed rapidly and deliver products in excellent yields, demonstrating the utility of TCT in green and practical synthetic methodologies.


Synthesis of Substituted 3-E-styryl-2H-chromenes and 3-E-styryl-2Hthiochromenes: TCT in combination with DMF has been employed in anhydrous dichloromethane for the synthesis of substituted 3-E-styryl-2H-chromenes and 3-E-styryl-2H-thiochromenes. These reactions proceed in good yields and provide access to valuable heterocyclic scaffolds of interest in medicinal chemistry.45


Conversion of alcohols into N-alkylphthalimides: Mokhtari et al. reported that the TCT–DMF complex can be used for the one-pot conversion of alcohols into N-alkylphthalimides. This methodology avoids the use of hazardous reagents such as diethyl azodicarboxylate (DEAD) and toxic chlorinating agents like oxalyl chloride. The reaction proceeds via formation of a dimethylammonium chloride intermediate, offering a safer and cost-effective alternative.46


Synthesis of spiro derivatives: Wet cyanuric chloride (TCT in the presence of moisture) has been applied in the synthesis of spiro heterocycles, including spiro[pyrazolo[3,4-b]pyridine-indoline] and related frameworks. These compounds are formed through one-pot multicomponent condensation of isatins, pyrazolamine derivatives, and active methylene components such as Meldrum’s acid or naphthoquinone under solvent-free conditions.47


Synthesis of 1,4-dihydropyridines: Tale et al.19 reported that TCT supported on silica efficiently catalyzes multicomponent reactions between aldehydes, 1,3-dicarbonyl compounds, and ammonium acetate. The protocol proceeds under solvent-free conditions at room temperature, producing 1,4-dihydropyridine derivatives in good yields. This approach represents an environmentally benign alternative for the synthesis of these biologically important heterocycles.


Synthesis of benzothiazepines: Sun et al. 48 described the synthesis of 1,3-diaryl-2,3-dihydro-1,5-benzothiazepines catalyzed by TCT. In the presence of moisture, TCT generates HCl in situ, which activates the carbonyl group toward nucleophilic attack. Subsequent cyclization and dehydration yield the benzothiazepine framework efficiently.


Synthesis of N-sulfonyl imines: Wu et al. reported that sulfonamides react with aryl aldehydes in the presence of TCT to form N-sulfonyl imines. The transformation is promoted by HCl generated in situ from the reaction of TCT with ambient moisture. Cyanuric acid is produced as a benign by-product and can be easily removed by washing, simplifying purification.49


Synthesis of thiiranes from oxiranes: Bandgar et al.20 developed a mild and solvent-free method for converting oxiranes (epoxides) into thiiranes using TCT at room temperature. This transformation provides a convenient route to sulfur-containing three-membered rings under environmentally friendly conditions.


Transthioacetalization: Bandgar et al.50 demonstrated that TCT can efficiently promote selective transthioacetalization reactions. In this process, aldehyde acetals and oxathioacetals are converted into the corresponding S,S-acetals in quantitative yields. The reaction proceeds under mild conditions and provides a practical and chemoselective route for thioacetal transformations, further emphasizing the synthetic utility of TCT.


Synthesis of β-enamino esters from β-ketoesters: An attractive solvent-free methodology has been reported for the synthesis of β-enamino esters using TCT. In this approach, β-ketoesters are ground with the reagent at room temperature (approximately 25 °C), leading to rapid product formation in excellent yields. The simplicity, short reaction times, and avoidance of solvents make this protocol a green and efficient alternative for enamino ester preparation.51 


Tetrahydropyranylation of alcohols and phenols: The tetrahydropyranyl (THP) group is widely used as a protecting group for alcohols and phenols because of its stability toward hydride reagents, alkylating agents, Grignard reagents, and other organometallic conditions. As a result, THP protection is commonly applied in peptide, nucleoside, carbohydrate, and steroid chemistry. TCT has been employed as an effective catalyst for tetrahydropyranylation reactions in acetonitrile, providing protected alcohols and phenols in good to excellent yields under mild conditions.


Synthesis of 5-substituted-1H-tetrazoles: TCT has also been utilized as a convenient source of HCl for catalysing cycloaddition reactions between nitriles and azide sources. This transformation leads to the formation of 5-substituted-1H-tetrazoles, which are valuable heterocycles in medicinal and coordination chemistry. The catalytic efficiency arises from in situ acid generation, enabling smooth conversion to tetrazole products.


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 efficient microwave-assisted protocol for converting formamides into isonitriles using TCT as the activating reagent. The reaction proceeds through the formation of an O-acylated intermediate and provides the desired isonitriles in high yields. This transformation offers a practical alternative to more hazardous classical dehydration methods.


Triazine-Based Cationic Leaving Group :  Fujita et al.21 introduced a novel TCT-based cationic leaving group for acid-catalyzed alkylation reactions involving O- and C-nucleophiles. In the presence of trifluoromethanesulfonic acid, carbocation formation is accelerated by synergistic effects, including stable C–O bond formation and charge–charge repulsion. Compared to conventional leaving groups such as bromides or trichloroacetimidates, the triazine-based system exhibited improved yields and enhanced stability.


TCT based glycosyl donors for lactosylation: Tanaka et al.22 developed a new approach for the synthesis of glycosidic compounds using dialkoxytriazine-type donors derived from TCT. In this methodology, unprotected lactose reacts directly in aqueous media to form 4,6-dialkoxy-1,3,5-triazin-2-yl β-lactosides. The ability to perform glycosylation in water without protecting groups represents a significant advancement in carbohydrate chemistry.


Benzylation: Yamada et al.23 reported the development of 2,4,6-tris(benzyloxy)-1,3,5-triazine (TriBOT), which functions as an acid-catalyzed O-benzylating reagent. A wide variety of functionalized alcohols were successfully converted into benzyl ethers in good yields using trifluoromethanesulfonic acid as the catalyst. This method provides a useful alternative to classical benzylation reagents.


Conversion of phenol to nitrile: Wang et al.24 described a nickel-catalyzed cyanation strategy in which phenol derivatives are first activated by TCT and subsequently converted into nitriles using aminoacetonitrile as the cyanating agent. This catalytic system offers several advantages, including readily available starting materials, an inexpensive nickel catalyst, and a metal-free cyanide source. The reaction provides moderate to good yields with broad substrate compatibility.


Activation of carboxylic acid with TCT: TCT has become a reagent of choice for the activation of carboxylic acids, enabling a wide range of functional group transformations. Literature reports indicate that reactions between carboxylic acids and TCT can proceed through formation of either acid chlorides or acylated triazine intermediates, although direct mechanistic evidence for these intermediates remains limited.25 Because of its efficiency and mild conditions, TCT-mediated activation has been widely applied in amidation, esterification, reduction, and related transformations.


Figure 2: Activation of carboxylic acid with TCT
Reduction of Carboxylic Acids to Alcohols: Falorni et al.26 reported a mild and efficient method for reducing carboxylic acids, including N-protected amino acids, into their corresponding alcohols. The protocol involves initial activation of the acid with TCT, followed by reduction using sodium borohydride in aqueous media. This approach provides a practical alternative to harsher reduction conditions and demonstrates the usefulness of TCT in functional group interconversion.


Conversion of carboxylic acids to amides: Rayle and Fellmeth27 developed a TCT-mediated procedure for transforming carboxylic acids directly into amides. This methodology is particularly advantageous in cases where acid chlorides are unstable, difficult to handle, or present safety concerns. The protocol provides an effective and safer alternative to conventional amidation strategies.


Conversion of carboxylic acid to N-Acylsulfonamides: Rad et al.14, 28 reported a highly efficient one-pot synthesis of N-acylsulfonamides using TCT as an activating agent. In this method, structurally diverse carboxylic acids and sulfonamides are reacted in anhydrous acetonitrile at room temperature in the presence of triethylamine and alumina. The desired products are obtained in excellent yields, demonstrating broad substrate scope and operational simplicity.


Conversion of carboxylic acids to diazoketones: Forbes et al. described a one-pot aqueous procedure for synthesizing diazoketones from aryl carboxylic acids. The acids are first activated using TCT and then treated with diazomethane to afford diazocarbonyl compounds. Moderate yields were obtained, although methyl esters were observed as side products. The reaction was found to be more effective with electron-deficient or neutral aromatic acids compared to electron-rich or aliphatic substrates.


Conversion of carboxylic acids to Acyl azide: Bandgar et al.29 developed an efficient method for converting carboxylic acids into acyl azides using sodium azide and TCT. The protocol works well with a variety of aryl, heteroaryl, alkyl, and substituted carboxylic acids, offering a straightforward route to acyl azides under mild conditions.


Conversion of carboxylic acids to hydroxamic acids: Giacomelli et al. reported a one-step synthesis of hydroxamic acids from carboxylic acids and N-protected α-amino acids. In this approach, the acid substrate is activated by TCT and subsequently treated with hydroxylamine hydrochloride, yielding hydroxamate derivatives efficiently. This method is particularly valuable for preparing enantiopure hydroxamic acids relevant to peptide and medicinal chemistry.52 


Synthesis of Weinreb amides: Luca et al.30 demonstrated that TCT derivatives serve as effective coupling reagents for the preparation of N-methoxy-N-methylamides, commonly known as Weinreb amides. The transformation proceeds in a convenient one-pot manner through coupling of carboxylic acids with the appropriate hydroxylamine derivative, providing a reliable route to these widely used synthetic intermediates.


Conversion of carboxylic acids to aldehydes or alcohols: Falorni et al.32 reported that carboxylic acids activated with TCT derivatives can be selectively reduced under mild hydrogenation conditions. Using Pd/C (10%) at room temperature and atmospheric hydrogen pressure, aldehydes can be obtained. Prolonged reaction times or increased hydrogen pressure may further reduce aldehydes to the corresponding alcohols.


Conversion of carboxylic acid to ketones: Luca et al.33 escribed a quantitative method for synthesizing ketones via activation of carboxylic acids with TCT, followed by reaction with Grignard reagents in the presence of CuI. This strategy provides an efficient route to ketones, including N-protected α-amino ketones derived from amino acid substrates.


Conversion of carboxylic acid to oxazolines: Kangani et al.34 developed a one-pot synthesis of oxazolines and 1,3,4-oxadiazoles from carboxylic acids using TCT in combination with indium metal. While reactions with amino alcohols typically yield ω-hydroxyamides as major products, the presence of indium promotes cyclization, producing oxazolines in high purity and yield. 


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 a widely applicable and cost-efficient methodology for forming amide (C–N) and ester (C–O) bonds through carboxylic acid activation using TCT. In the presence of formylpyrrolidine as a Lewis base catalyst, TCT was used in catalytic quantities (≤40 mol%), enabling excellent scalability and functional group tolerance. The method was compatible with acid-sensitive substrates such as acetals, silyl ethers, and even peptides. This work represents a significant advancement in sustainable amidation and esterification chemistry.


Acylation of piperazine: Bandgar et al.36 developed a straightforward protocol for monoacylation of piperazine derivatives through TCT-mediated activation of carboxylic acids in dichloromethane at room temperature. Additionally, De Luca reported that formylation of amines can be achieved via formation of activated esters of formic acid with TCT under microwave irradiation.



Conversion of carboxylic acids to N-benzoylthioureas: Gholap et al.37 established an efficient one-pot synthesis of N-benzoylthiourea derivatives using carboxylic acids and TCT. The reaction proceeds through formation of an activated ester intermediate, which reacts with ammonium isothiocyanate and subsequently with aromatic or aliphatic amines to afford the desired thiourea products in good yields.



Conclusion: In summary, this review highlights the broad synthetic utility of s-trichlorotriazine (TCT) as both an organic reagent and catalyst in modern organic chemistry. Owing to its low cost, commercial availability, mild reaction conditions, and excellent chemoselectivity, TCT has emerged as an environmentally favorable alternative to many traditional reagents. TCT-mediated transformations offer significant advantages, including improved reaction efficiency, reduced toxic by-products, elimination of harsh conditions, and simplified work-up procedures. Its ability to activate functional groups and promote diverse bond-forming reactions makes it a valuable scaffold for the development of greener and more sustainable synthetic methodologies. Overall, s-trichlorotriazine continues to play an important role in advancing efficient and practical strategies for organic synthesis.
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