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Abstract: The sources, describing cycloaddition reactions with the participation of 4-phenyl-3H-1,2,4-triazole-

3,5(4H)-dione (PTAD) and 4-methyl-3H-1,2,4-triazole-3,5(4H)-dione (MTAD) were reviewed from the middle 

1970s and they are mentioned in chronological order. It was noted that the most investigated are Diels-Alder 

reactions and cycloaddition to a few cyclic mono- and dienes. Stereochemistry of obtained products are also 

described.  
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1. Introduction 

Cycloaddition reaction is one of the most effective ways for obtaining new heterocyclic 

compounds and their modification, which is popular for a long time from the view of both 

experimental and computational studies1,2. 1,2,4-Triazole system due to its chemical structure has not 

been used widely in cycloaddition processes. The most known representatives from the 1,2,4-triazole 

series, which react as aza dienophiles, are 4-phenyl-3H-1,2,4-triazole-3,5(4H)-dione (PTAD) and 4-

methyl-3H-1,2,4-triazole-3,5(4H)-dione (MTAD)3,4. A derivative of 1,2,4-triazole-3,5-dione is known 

as an atypical antidepressant – nefazodone 5 (Figure 1). It is used for treating psychical and emotional 

illnesses – depression 6, panic disorder 7, and posttraumatic stress 8. At the same time, fused and 

functionalized 1,2,4-triazole-containing substances posses antibacterial, antifungal, antitubercular, 

anticancer, anticonvulsant, analgesic, anti-inflammatory, antidepressant, antimalerial and antiviral 

activities9-12. Taking into account, the valuable properties of the above mentioned compounds, 

development of cycloaddition approaches using PTAD and MTAD is very perspective.  

 
Figure 1. Structure of nefazodone 
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2. Literature Review 

 
The earliest reviewed study describing the cycloaddition process of 1,2,4-triazole derivatives 

is dated back to 1976, authored by German chemists Rapp and Daub13, who investigated the reaction 

between 8,8-(trimethylendithio)heptafulven and 4-phenyl-1,2,4-triazole-3,5-dione (PTAD). The 

reaction was performed in methylene chloride as a solvent (Scheme 1) for the formation of product 1.  

 

 
Scheme 1. Formation of compound 1 

 

Adam et al. were involved in the investigation of cycloaddition reactions of 4-methyl-4H-

l,2,4-triazole-3,5-dione (MTAD) and 4-phenyl-4H-1,2,4-triazole-3,5-dione (PTAD)14-16. Thus, they 

reported the formation of [8+2]-cycloadduct urazole 2 in 50% yield by interaction of heptafulvene 

with 4-methyl-4H-l,2,4-triazole-3,5-dione (MTAD)14 (Scheme 2).    

  

 
Scheme 2. Formation of compound 2 

 

A year later, the same group investigated the cycloaddition of 7-substituted 1,3,5-

cyclooctatrienes with singlet oxygen and 4-phenyl-4H-1,2,4-triazole-3,5-dione (PTAD)16. PTAD 

cycloaddition led to the formation of bicyclic urazoles 3 (Scheme 3).  

 
  

Scheme 3. Formation of compound 3 

 

Cycloaddition reaction of PTAD with 7-methylenenorbornene afforded the rearranged urazole 

417. Moreover, while its reaction with 7-(phenylmethylene)norbornene gave the double [4+2] adduct 5, 

cycloaddition of PTAD to 7-(chloromethylene)norbornene resulted in obtaining novel urazole 6 in low 

yields (Scheme 4).  
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Scheme 4. Formation of compounds 4-6 

 

Johnson and Moody reported interaction of PTAD with a variety of functionalized dienes18. It 

was noted that, the reactions of dienes, containing conjugated electron-releasing or -withdrawing 

groups, with unsymmetrical azo dienophiles appear to exhibit high regioselectivity. 1-Methoxy-3-

trimethylsiloxybuta-1,3-diene reacted rapidly with PTAD at room temperature to give enone 7 

(Scheme 5). Cycloaddition of PTAD to bis-exo-methylene cyclohexanes also occurred readily at room 

temperature, resulting in synthesis of adducts 8 in moderate yields (Scheme 5). The reaction of PTAD 

with 2,3-bis-(iodomethyl)buta-l,3-diene was studied and the adduct 9 was obtained in 60% yield 

(Scheme 5).  

 
Scheme 5. Formation of compounds 7-9 
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The reaction of PTAD with 2-trimethylsilyl-, 2-chloro-, 2-cyano-, and 2-

methoxycarbonylnorbornadienes was investigated19. In all cases, homo Diels-Alder adducts 10 were 

obtained (Scheme 6). 

 
 

Scheme 6. Formation of compounds 10 

 

Unusual Diels-Alder reaction of PTAD with oxazoles and 5-alkoxythiazoles was described by 

a Japanese research group20,21. 1,2,4-Triazoline derivatives 11 were obtained through interaction of 

PTAD with oxazole derivatives and formal [3+2] cycloaddition, accompanying ring opening of 

oxazoles, took place (Scheme 7). The reaction of 5-alkoxythiazoles with equimolar amount of PTAD 

in an acetonitrile solution at room temperature gave O-alkyl-6,7-dihydro-5,7-dioxo-6-phenyl-1H,5H-

[1,2,4]triazolo[1,2-a][1,2,4]triazole-1-carbothionates 12 in high yields.  

 
Scheme 7. Formation of compounds 11 and 12 

 

The reactions of chiral open-chain dienol, posessing 1,3-allylic strain due to the presence of a 

cis substituent, with PTAD and MTAD gave the corresponding [4+2] cycloadducts 13 in very good 

yields and with high like selectivity (Scheme 8)22. 

 

 

 
 

Scheme 8. Formation of compounds 13 

 

 

Gabbutt et al. reported that simple 2H-chromenes and 2H-thiochromenes formed the [2+2]-

adducts, tetrahydro[l]benzo(tio)pyrano[3,4-c][l,2]diazeto[l,2-a][l,2,4]triazoles 14, with triazoline-

diones  (Scheme 9) 23.  
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Scheme 9. Formation of compounds 14 

 

Diels-Alder reactions of hexachlorodienes with MTAD and PTAD were performed, and the 

structures of the resulting cycloadducts were established24. There are two methods available in the 

literature; Diels-Alder cycloadditions of MTAD, PTAD leading to the formation of 15 and (ii) the 

corresponding reactions with MTAD and PTAD to afford a mixture of two isomeric [4+2] 

cycloadducts 16 (Scheme 10). A theoretical study of these reactions was also performed 25. 

 

 
Scheme 10. Formation of compounds 15,16 

 

The reaction of PTAD and MTAD with dihydroxanthones in dichloromethane at room 

temperature resulted in the production of adducts 17 in good yields (Scheme 11) 26. 

 

 
 

Scheme 11. Formation of compounds 17 

 

It was reported that the reaction of 4-methyl-1,2,4-triazoline-3,5-dione (MTAD) with β,β-

dimethyl-p-methoxystyrene in chloroform affoorded two stereoisomeric [4+2]/ene diadducts 18 

(Scheme 12)27.  

 
 

Scheme 12. Formation of compounds 18 
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When hexacyclic ether was allowed to react with PTAD, a strong preference (95%) for 

addition from the face of the diene syn to the cyclobutane group with the formation of product 19 was 

observed (Scheme 13). In addition, these results were proved by calculations of the transition states to 

be performed at the integrated molecular - orbital molecular orbital (IMOMO) level of theory, 

employing a G2MS computational procedure and second-order Møller-Plesset (MP2) perturbation 

theory28. 

 
 

Scheme 13. Formation of compound 19 

 

It was shown that a mixture of (E)/(Z)- 7-benzylidenecycloocta-1,3,5-triene (91:9) in AcOEt 

reacted readily with PTAD at room temperature to give a mixture of four mono-adducts: exo-20, endo-

20, (Z)-20, and (E)-20 (Scheme 14). The first two and the last compounds were obtained in crystalline 

forms after a chromatographic separation 29.  

 
 

Scheme 14. Formation of compounds 20 

 

A freshly prepared diazasilole (1 equiv) was mixed with PTAD and MTAD (3 equiv) in 

benzene-d6 and sealed. The polycyclic compounds 21 were isolated in 53% and 90% yields (Scheme 

15)30. The reaction was also supported by a computational study.  

 
Scheme 15. Formation of compounds 21 

 

PTAD and MTAD were reacted with the four dienes in dichloromethane at -78 oC. When the 

alcohol function was unprotected, the products 22 consisted of mixtures of diastereomers. In case of 

protected alcohol function products 22 were identified as diastereomerically pure compounds (Scheme 

16)31.  
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Scheme 16. Formation of compounds 22 

3. Conclusion 

 

The survey of the literature data concerning cycloaddition reaction of 4-phenyl-3H-1,2,4-

triazole-3,5(4H)-dione (PTAD) and 4-methyl-3H-1,2,4-triazole-3,5(4H)-dione (MTAD), indicated 

their participation in Diels-Alder reactions, [3+2] and [4+2] cycloadditions. All the cycloaddition 

products posessed interesting stereoselectivity and stereocontrol.      
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