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Abstract 

1,3,5-Triazine derivatives are an important class of heterocyclic compounds with great interest in medicine, 
agriculture, electronics, and other industries. In this article, we report on the synthesis of 4-aryl-6-

alkylamino/piperidinyl-1,3,5-triazine-2-amines via one-pot, multi-component reactions of cyanamide, 
aromatic aldehydes and an amine (piperidine, aqueous dimethylamine and butylamine) using microwave 

irradiation under neat conditions. The structure of the obtained products was confirmed by 1H-NMR and13C-

NMR spectra, mass spectrometry and, in two cases, X-ray diffraction.   
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Introduction    
 

Triazine derivatives are considered versatile pharmacophores with diverse biological activities.1–4 Among the 

three different triazine ring systems [1,2,3; 1,2,4; 1,3,5] 1,3,5-triazines (s-triazines) have been recognized as 

contributing most to the biological function of a wide range of small molecules therapeutics.5–12 1,3,5-Triazine 

derivatives have been reported to have immense and varied bioactivities such as antitubercular,13 

anticancer,14,15 anti-HIV,16 antimalarial,17 antimicrobial,18 antidiabetic19 and herbicidal activities.20 Additionally, 

several 1,3,5-triazine derivatives possess interesting industrial applications such as cation exchangers, reactive 

azo dyes and transporters for the preparation of immobilized enzymes.21 Examples of biologically active 1,3,5-

triazines are given in Figure 1.  

 

 
 

Figure 1. Examples of biologically active 1,3,5-triazine derivatives. 

 

Being a potent and biologically active scaffold in drug discovery, the development of 1,3,5-triazine 

derivatives as anticancer reagents is a particularly important and inspiring goal to construct libraries of 

compounds with improved potency.9,22  

It has been reported that 1,3,5-triazines with two amino substituents at positions 2,4- and 6-

aryl/heteroaryl moieties, exhibited potent anticancer activity.23,24 Closely related structures with 4-

aryl/heteroaryl-6-arylamino-1,3,5-triazines and 4-aryl-6-cyclohexyl-1,3,5-triazine-2-amines demonstrated 

tryptophan hydroxylase potent inhibition25 and were selectively bound to 5-HT6, serotonin.26 Consequently, 

the development of new methods for the synthesis 4-aryl-6-cyclohexyl/alkylamino-1,3,5-triazine-2-amines 

with diverse substituents will enable the generation of desirable structural properties thus offering a wide 

range of biological activities, however, little attention has been paid to the synthesis of these scaffolds.  

One general approach for the synthesis of the targeted molecules relies on the sequential nucleophilic 

substitution reaction of cyanuric chloride (I) with morpholine to give II. Treatment of II with glycine amide  and 

subsequent Suzuki cross coupling of the formed 2-substituted-4-chloro-6-morpholino-1,3,5-triazine III 

furnishes the corresponding 4-aryl-1,3,5-triazine derivative IV.27 A drawback associated with this protocol is 

the requirement for temperature control and dependence on the amine nucleophilicity.28 Another general and 

commonly utilized protocol involves the reaction of cyanoguanidine 2 with cyclic amines (e.g. morpholine) 

followed by reaction of the formed biguanide derivative V with diverse acid derivatives, for example esters, in 
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basic medium as well as amides and alcohols.29–32 Very recently, Dolzhenko and his co-workers33 have 

developed a two-step one-pot methodology for the synthesis of 2-amino-4-aryl-6-morpholino-1,3,5-triazines 

VI. The reaction was carried out by heating a mixture of cyanoguanidine, aromatic aldehydes and morpholine 

in EtOH/HCl under microwave irradiation at 140 °C for 55 minutes to give the intermediate VII which 

underwent dehydrogenation upon treatment with aq. NaOH (5 N) under microwave heating at 140 °C for 20 

minutes (Scheme 1). 
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Scheme 1. Various synthetic approaches for the synthesis of 2-amino-(or substituted amino)-4-aryl-6-

morpholino-1,3,5-triazine derivatives. 

 

Although these methods have their specific advantages, they suffer from drawbacks such as long reaction 

times, low yields and atom economy which consumes excess reagents, multistep procedures and sometimes 

harsh reaction conditions.  

In continuation of our interest in performing simple, efficient and green synthesis of biologically relevant 

heterocycles,34–38 we herein developed an efficient protocol for the synthesis of 2-amino-4-aryl-6-

alkylamino/piperidinyl-1,3,5-triazine derivatives via a one-step, multi-component reaction (MCR) of 

cyanamide (1) [or 2-cyanoguanidine (2)], an aromatic aldehyde 3 with piperidine (4), dimethylamine (5) or 

butylamine (6) under controlled microwave heating (Scheme 2). 
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Results and Discussion 
 

For optimizing the reaction conditions, we initially examined the reaction of cyanamide (1) (1 mmol), 4-

chlorobenzaldehyde (3a) (1 mmol) and piperidine (4) (1.5 mmol) under neat conditions and the reaction was 

promoted by MW irradiation at 100 °C for 5 minutes which afforded the desired product 4-(4-chlorophenyl)-6-

(piperidin-1-yl)-1,3,5-triazin-2-amine (7a) in 44% yield. The structure of 7a was established based on analytical 

and spectral data. Its mass spectrum disclosed a molecular ion peak at m/z = 289.25 (M+) corresponding to the 

molecular formula C14H16ClN5. The 1H-NMR spectrum revealed four signals at δ = 1.51, 1.61-1.64, 3.74 and 

3.84 ppm which were assigned for piperidinyl protons in addition to singlet signal at δ = 6.88 ppm for NH2 as 

well as signals for aromatic protons. The 13C-NMR spectrum was in agreement with the proposed structure. 

Based on the established structure we concluded that the reaction incorporated two molecules of cyanamide 

(1). Thus, we were delighted to observe that using two molar ratios of cyanamide (1) increased the yield to 

93%. We examined the reaction in solvents such as EtOH, pyridine, DMF and AcOH but only solventless 

conditions gave the target product 7a. These results demonstrated the efficiency of neat conditions as a green 

method in the synthesis of such compounds.    

We next examined a range of aromatic aldehydes under the same experimental conditions and found that 

the reaction proceeds smoothly affording a variety of 1,3,5-triazine derivatives, irrespective of the aryl group 

substituent, either electron-donating or electron-attracting, with excellent yields. Increasing or decreasing the 

reaction temperature had no significant effect on the reaction course. The structure of the reaction products 

was established based on their spectral and analytical data. Moreover, single crystal X-ray diffraction analysis 

of compounds 7a and 7b unambiguously confirmed the structure of these products (Figure 2) and Tables 1 

and 2.  

 

7a 7b
 

 

Figure 2. Single crystal X-ray structures of compounds 7a (CCDC 2300761 contains the crystallographic data for 

compound 7a) and 7b (CCDC 2241375 contains the crystallographic data for compound 7b). These data can be 

obtained free of charge from the Cambridge Crystallographic Data Centre via http://www.ccdc.cam.ac.uk).  

http://www.ccdc.cam.ac.uk/
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Table 1. Selected bond lengths and bond angles for compound 7a 

Atom numbers Geometric parameter (Å) Atom numbers Geometric parameter (°) 

N1-C7 1.333 (4) C7-N1-C8 113.9 (3) 

N1-C8 1.345 (4) C8-N3-C9 115.0 (3) 

N3-C8 1.340 (4) H2A-N2-H2B 120 (3) 

N3-C9 1.341 (4) C7-N4-C9 114.4 (3) 

N4-C7 1.327 (4) N1-C7-N4 126.8 (3) 

N5-C9 1.344 (4) N1-C8-N3 125.5 (3) 

N5-C10 1.464 (4) N1-C8-N2 117.1 (3) 

  C7-C6-C5 120.5 (3) 

  N5-C10-C11 111.6 (4) 

 

Table 2. Selected bond lengths and bond angles for compound 7b 

Atom numbers Geometric parameter (Å) Atom numbers Geometric parameter (°) 

N1-C1 1.339 (2) C1-N1-C2 114.5 (1) 

N1-C2 1.343 (2) N1-C1-N3 125.6 (1) 

C2-N5 1.346 (2) N1-C1-N4 117.7 (1) 

N3-C3 1.335 (2) C2-N2-C3 115.1 (1) 

C1-N4 1.338 (2) N2-C2-C5 117.2 (1) 

N5-C8 1.459 (3) C4-N5-C8 114.3 (2) 

C6-C5 1.513 (4) C3-C9-C10 120.4 (1) 

C7-H7A 0.97 N1-C2-N2 128.5 (1) 

  C2-N5-C4 122.9 (2) 

 

In order to shed further light on the generality of our protocol, piperidine (4) was replaced by aqueous 

dimethylamine (40%) (5) or butylamine (6). The reaction with each amine proceeded smoothly affording the 

corresponding 4-aryl-6-dimethylamino-1,3,5-triazine-2-amines 8a-c and 4-aryl-6-butylamino-1,3,5-triazine-2-

amines 9a-d, respectively, in high yields (Scheme 2). Compounds 7a-e, 8a-c and 9a-d could be alternatively 

synthesized via reaction of 2-cyanoguanidine (2) (1 mmol), aromatic aldehydes 2a-e (1 mmol), and amines 4-6 

(1.5 mmol) under the same experimental reaction conditions. 
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Scheme 2. Synthesis of 4-aryl-6-piperidinyl/alkylamino-1,3,5-triazine-2-amines 7a-e, 8a-c and 9a-d. Yields % 

are for cyanamide (1) and 2-cyanoguanidine (2) reactions, respectively. 

 

A plausible mechanism for the formation of reaction products 7, 8 and 9 is depicted in Schemes 3 and 4. 

For the formation of compounds 7 and 8, it is supposed that, in a first step, dimerization of cyanamide (1) 

takes place to afford 2-cyanoguanidine (2). Then, addition of the amine 4-6 to the activated nitrile group of 2 

forms biguanide intermediates 10-12. Condensation of 10-12 with aromatic aldehydes 3 affords the 

corresponding Schiff base 13-15. The intermediates 13,14 undergo cyclization via intramolecular addition of 

the imine nitrogen atom, as a nucleophile, to the arylidene carbon to give the intermediates 17 followed by air 

oxidation to afford 1,3,5-triazines 18,19 (the reactions were carried out in open systems). Tautomerization of 

the imino (=NH) function to amino (NH2) group affords the final products 7 and 8 (Scheme 3). For the 

formation of product 9, the nucleophilic attack may take place through addition of the imine nitrogen atom to 

the arylidene carbon to give the intermediate 20, followed by tautomerization to afford 9 (route a), or via 

addition of butyl-NH2 to the arylidene carbon in 15 to give the intermediate 21 which undergoes a Dimroth 

rearrangement33 under these reaction conditions to furnish the product 9 (Scheme 4). 
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Scheme 3. Proposed mechanism for the formation of products 7 and 8. 
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Scheme 4. A plausible mechanism for the formation of product 9.  

 

 

Conclusions 
 

In conclusion, a range of 4-aryl-6-piperidin-1-yl/alkylamino-1,3,5-triazine-2-amines was achieved, for the first 

time, via a one-pot and efficient reaction of cyanamide, an aromatic aldehyde and a primary amine 

(piperidine, dimethylamine and butylamine) in excellent yields promoted by controlled microwave heating 

under neat conditions. The method was found to be general with a variety of secondary and primary amines. 

The process proved to be of high atom economy and yields, had short reaction times as well as simple work-

up and isolation of the reaction products. 
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Experimental Section 
 

General. Melting points were uncorrected and recorded on a Gallenkamp melting point apparatus. The 

progress of reaction was followed by thin layer chromatography on pre-coated Merck Silica gel (60F254). The 
1H-NMR and 13C-NMR spectra were measured in Bruker DPX instrument. Mass spectra were determined in VG 

Autospec Q MS 30 and MS 9 (AEI) spectrometer, with EI (70 eV) mode. X-ray crystallography was performed 

by using Rigaku Rapid II and Bruker X8 Prospector single crystal X-ray diffractometers. All the reactions were 

carried out in a Milestone START Microwave Labstation (temperature control by IR sensor). 

 

General procedure for the synthesis of 4-aryl-6-alkylamino/piperidinyl-1,3,5-triazine-2-amines 7a-e, 8a-c 

and 9a-d 

Method A. A suspension of cyanamide (1) (2 mmol), aromatic aldehyde 3 (1 mmol) and appropriate amine 4-6 

(1.5 mmol) (in the case for dimethylamine as an aqueous solution) was heated under reflux in a milestone 

microwave labstation at 100 °C (with an efficient condenser) for 5 min. in the case of 4. However, in cases of 5 

and 6 the reaction time was 10 min. After cooling to rt, the resulting solid products was collected by filtration 

and recrystallized from EtOH or DMF in 90-95% yields. 

Method B. A suspension of 2-cyanoguanidine (2) (1 mmol), aromatic aldehyde 3 (1 mmol) and the appropriate 

amine 4-6 (1.5 mmol) was subjected to the aforementioned reaction conditions (method A) to afford products 

7a-e, 8a-c and 9a-d in moderate yields 75-82%. 

4-(4-Chlorophenyl)-6-(piperidin-1-yl)-1,3,5-triazin-2-amines (7a). Pale yellow crystals; yield: 270 mg (93%); 

mp: 175-177 °C (EtOH). 1H-NMR (400 MHz, DMSO-d6): δ = 1.51 (s, 4H, piperidine-H); 1.61-164 (m, 2H, 

piperidine-H); 3.74 (brs, 2H, piperidine-H); 3.84 (brs, 2H, piperidine-H); 6.88 (s, 2H, NH2); 7.51-7.53 (m, 2H, Ar-

H); 8.26-8.28 (m, 2H, Ar-H). 13C-NMR (100 MHz, DMSO-d6): δ = 24.3; 25.4; 43.5; 128.3; 129.5; 135.9; 136.0; 

164.4; 167.2; 168.6. Anal. Calcd for C14H16ClN5: C, 58.03; H, 5.57; Cl, 12.23; N, 24.17%; Found: C, 57.95; H, 5.62; 

Cl, 12.25; N, 24.20%. MS: (EI) m/z %: 289.25 (M+). 

4-Phenyl-6-(piperidin-1-yl)-1,3,5-triazine-2-amines (7b). Colorless crystals; yield: 235 mg (92%); mp: 146-148 
oC33 (EtOH). 1H-NMR (400 MHz, DMSO-d6): δ = 1.49 (brs, 4H, piperidine-H), 1.57-1.62 (m, 2H, piperidine-H); 

3.79 (brs, 4H, piperidine-H), 6.36 (s, 2H, NH2), 7.44-7.52 (m, 3H, Ar-H), 8.29-8.32 (dd, 2H, J = 6.8 Hz, Ar-H). 13C-

NMR (100 MHz, DMSO-d6): δ = 24.9, 25.9, 43.9, 127.9, 128.2, 131.3, 137.3, 165.0, 167.8, 169.8. Anal. Calcd for 

C14H17N5: C, 65.86; H, 6.71; N, 27.43%; Found: C, 65.80; H, 6.77; N, 27.39%. MS: (EI); m/z: 255.25 (M+). 

4-(4-Tolyl)-6-(piperidin-1-yl)-1,3,5-triazine-2-amines (7c). Yellow crystals; yield: 256 mg (95%); mp: 164-166 oC 

(EtOH). 1H-NMR (400 MHz, DMSO-d6): δ = 1.51 (m, 4H, J = 3.2 Hz, piperidine-H), 1.61-1.66 (m, 2H, piperidine-

H), 2.36 (s, 3H, CH3), 3.79 (brs, 4H, piperidine-H), 6.80 (s, 2H, NH2), 7.26 (d, 2H, J = 7.6 Hz, Ar-H); 8.18 (d, 2H, J = 

8.0 Hz, Ar-H). 13C-NMR (100 MHz, DMSO-d6): δ = 21.5, 24.8, 25.9, 43.9, 128.3, 129.2, 134.9, 141.4, 165.0, 

167.7, 170.1. Anal. Calcd for C15H19N5: C, 66.89; H, 7.11; N, 26.00%; Found: C, 66.82; H, 7.18; N, 26.05%. MS: 

(EI) m/z: 269.28 (M+). 

4-(4-Methoxyphenyl)-6-(piperidin-1-yl)-1,3,5-triazine-2-amines (7d). Yellow crystals; yield: 260 mg (91%); mp: 

208-210 °C (EtOH). 1H-NMR (400 MHz, DMSO-d6): δ = 1.50 (brs, 4H, piperidine-H); 1.61 (brs, 2H, piperidine-H); 

3.69-3.85 (m, 7H, piperidine-H and OCH3); 6.65 (s, 2H, NH2); 6.99-7.03 (m, 2H, Ar-H); 8.22-8.30 (m, 2H, Ar-H). 

Anal. Calcd for C15H19N5O: C, 63.14; H, 6.71; N, 24.54%; Found: C, 63.18; H, 6.75; N, 24.50%. MS: (EI) m/z: 

285.23 (M+). 

4-(2-Thienyl)-6-(piperidin-1-yl)-1,3,5-triazine-2-amines (7e). Yellow crystals; yield: 235 mg (90%); mp: 290-292 
oC (EtOH). 13C-NMR (100 MHz, DMSO-d6): δ = 24.8, 25.9, 43.4, 128.5, 130.9, 143.8, 165.9, 167.6, 167.8. Anal. 
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Calcd for C12H15N5S: C, 55.15; H, 5.79; N, 26.80; S, 12.27%; Found: C, 55.10; H, 5.83; N, 26.77; S, 12.30%. MS: 

(EI) m/z: 261.27 (M+). 

6-Phenyl-N2,N2-dimethyl-1,3,5-triazine-2,4-diamine (8a). Yellow solid; yield: 194 mg (90%); mp: 294-296 oC 

(DMF). 1H-NMR (400 MHz, DMSO-d6): δ = 3.10 (s, 6H, 2CH3); 6.04 (s, 2H, NH2), 7.14-8.36 (m, 5H, Ar-H). 13C-

NMR (100 MHz, DMSO-d6): δ 36.3; 128.6; 128.9; 131.7; 137.2; 164.3; 166.6; 167.9. Anal. Calcd for C11H13N5: C, 

61.38; H, 6.09; N, 32.54%; Found: C, 61.33; H, 6.12; N, 32.50%. 

6-(4-Methoxyphenyl)-N2,N2-dimethyl-1,3,5-triazine-2,4-diamine (8b). Yellow crystals; yield: 220 mg (90%); 

mp: 230-232 oC (DMF). 1H-NMR (400 MHz, DMSO-d6): δ = 3.67 (s, 6H, 2CH3), 3.85 (s, 3H, OCH3), 6.56 (s, 2H, 

NH2), 7.02-7.34 (m, 2H, Ar-H), 8.23-8.30 (m, 2H, Ar-H). 13C-NMR (100 MHz, DMSO-d6): δ = 36.3; 55.4; 113.8; 

127.9; 130.7; 163.1; 165.5; 165.6; 167.4. Anal. Calcd for C12H15N5O: C, 58.76; H, 6.16; N, 28.55; Found: C, 

58.71; H, 6.21; N, 28.51%. MS: (EI) m/z %: 246.33 (M+H). 

6-(3-Chlorophenyl)-N2,N2-dimethyl-1,3,5-triazine-2,4-diamine (8c). Yellow solid; yield: 225 mg (90%); mp: 

320-322 oC (DMF). 1H-NMR (400 MHz, DMSO-d6): δ = 3.14 (s, 6H, 2 CH3); 6.15 (s, 2H, NH2); 6.71 (s, 1H, Ar-H); 

6.94-7.38 (m, 3H, Ar-H). 13C-NMR (100 MHz, DMSO-d6): δ = 36.5; 128.8; 129.4; 131.3; 137.3; 138.0; 165.0; 

169.8; 170.5. Anal. Calcd for C11H12ClN5: C, 52.91; H, 4.84; Cl, 14.20; N, 28.05%. Found: C, 52.88; H, 4.89; Cl, 

14.15; N, 28.09%. MS: (EI) m/z: 249.28 (M+). 

6-Phenyl-N2-butyl-1,3,5-triazine-2,4-diamine (9a). Yellow solid; yield: 222 mg (91%); mp: 322-324 °C (DMF). 
1H-NMR (400 MHz, DMSO-d6): δ = 0.89 (t, 3H, J = 7.2 Hz, CH3), 1.25-1.31 (m, 2H, CH2), 1.41-1.43 (m, 2H, CH2), 

3.13-3.19 (m, 2H, CH2), 6.00 (t, J = 4.8 Hz, 1H, NH); 6.41 (s, 2H, NH2); 6.70-6.72 (d, J = 6.4 Hz, 2H, Ar-H); 7.29-

7.38 (m, 3H, Ar-H). 13C-NMR (100 MHz, DMSO-d6): δ = 13.8; 19.6; 31.2; 32.8; 128.3; 129.1; 131.9; 134.9; 164.3; 

166.3; 167.3. Anal. Calcd for C13H17N5: C, 64.17; H, 7.04; N, 28.78%. Found: C, 64.13; H, 7.11; N, 28.73%.  

6-(4-tolyl)-N2-butyl-1,3,5-triazine-2,4-diamine (9b). Yellow solid; yield: 237 mg (92%); mp: 266-268 °C (DMF). 
1H-NMR (400 MHz, DMSO-d6): δ = 0.92 (t, 3H, J = 7.6 Hz, CH3); 1.24-1.34 (m, 2H, CH2); 1.48-1.49 (m, 2H, CH2); 

2.39 (s, 3H, CH3); 3.08-3.16 (m, 2H, CH2); 6.11 (t, J = 4.8 Hz, 1H, NH); 6.61 (s, 2H, NH2); 7.00-7.35 (m, 2H, Ar-H); 

7.77-8.27 (m, 2H, Ar-H). 13C-NMR (100 MHz, DMSO-d6): δ = 13.7; 19.5; 21.2; 31.0; 31.1; 128.7; 129.1; 155.0; 

164.2; 165.5; 167.3. Anal. Calcd for C14H19N5: C, 65.34; H, 7.44; N, 27.21%. Found: C, 65.30; H, 7.49; N, 27.23%. 

6-(4-Methoxyphenyl)-N2- butyl-1,3,5-triazine-2,4-diamine (9c). Yellow solid; yield: 246 mg (90%); mp: 328-

330 °C (DMF). 1H-NMR (400 MHz, DMSO-d6): δ = 0.89 (t, 3H, J = 5.6 Hz, CH3); 1.24-1.31 (m, 2H, CH2); 1.40-1.46 

(m, 2H, CH2); 3.16-3.19 (m, 2H, CH2); 3.86 (s, 3H, OCH3); 6.19 (t, 1H, NH); 6.68 (s, 2H, NH2); 7.00-7.05 (m, 2H, 

Ar-H); 8.21-8.27 (m, 2H, Ar-H). 13C-NMR (100 MHz, DMSO-d6): δ = 13.8; 19.6; 31.2; 32.8; 55.0; 114.0; 129.1; 

131.9; 162.9; 164.3; 166.3; 167.3. Anal. Calcd for C14H19N5O: C, 61.52; H, 7.01; N, 25.62%. Found: C, 61.49; H, 

7.07; N, 25.60%. 

6-(3-Nitrophenyl)-N2-butyl-1,3,5-triazine-2,4-diamine (9d). Brown solid; yield: 260 mg (90%); mp: 266-268 oC 

(DMF). 1H-NMR (400 MHz, DMSO-d6): δ = 1.02 (t, 3H, J = 8.0 Hz, CH3); 1.23-1.31 (m, 2H, CH2); 1.43-1.47 (m, 2H, 

CH2); 3.20-3.22 (m, 2H, CH2); 6.01 (t, J = 4.8 Hz, 1H, NH); 6.56 (s, 2H, NH2); 7.35 (s, 1H, Ar-H); 7.77-7.95 (m, 1H, 

Ar-H) 8.11-8.50 (m, 2H, Ar-H). 13C-NMR (100 MHz, DMSO-d6): δ = 13.7; 19.6; 31.1; 32.4; 121.8; 124.9; 130.2; 

130.3; 134.0; 148.0; 155.7; 165.5; 167.4. Anal. Calcd for C13H16N6O2: C, 54.16; H, 5.59; N, 29.15; Found: C, 

54.13; H, 5.63; N, 29.12%. MS: (EI) m/z: 288.27 (M+). 

 

 

Supplementary Material 
 

Supplementary data associated with this article is available in the Supplementary Material. 
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