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Abstract - The reaction of some fluorinated 1,2,4-oxadiazoles in the presence of 

methylamine or propylamine has been investigated. The irradiation in methanol or 

acetonitrile leads with acceptable yields to the corresponding fluorinated 1-

methyl- or 1-propyl-1,2,4-triazole. 

 
INTRODUCTION 

Fluorinated heterocycles represent an extremely interesting class of  compounds, thanks to their possibile 

application in the fields of new materials, pharmaceuticals or agrochemicals.1,2 Their synthesis through 

direct fluorination or perfluoroalkylation could be quite complex, therefore the building block strategy 

often represents a more appropriate approach.1,2 

Within the building block strategy, the use of molecular rearrangements of a suitable heterocyclic 

precursor has been exploited for the synthesis of several fluorinated heterocyclic systems. In particular, 

thermal and photochemical rearrangements of 1,2,5-oxadiazoles3,4 and 1,2,4-oxadiazoles3,4 systems allow 

the synthesis of a variety of fluorinated heterocyclic compounds such as 1,2,4-oxadiazoles,5 1,2,4-

triazoles,6 1,3,4-oxadiazoles,6 and quinazolin-4-ones.7 

Among the plethora of five-membered heterocycles, 1,2,4-triazoles showed various biological activities: 

as an example they have been used as cannabinoid receptor ligands8 or peptidase inhibitors,9 and some 

have been tested for the treatment of viral infections or cancer.10 More recently, fluorinated triazoles have 

been applied in the preparation of ionic liquids,11 in the treatment of neuropathic pain12 or as antifungal,13 

and their syntheses have been subjected to several patents.14 

For what concerns the synthetic aspects, fluorinated triazoles are not of easy preparation and some 

examples are present in the recent literature.11,15 In particular, perfluoroalkyl-1,2,4-triazoles can be also 

obtained by a thermal ANRORC reaction of 5-perfluoroalkyl-1,2,4-oxadiazoles with hydrazines16 or by a 

photochemical rearrangement of  3-methylamino-5-perfluoroalkyl-1,2,4-oxadiazoles.6 
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In the frame of our research on fluorinated heterocycles, we have widened the series of achievable 

fluorinated 1,2,4-triazoles and here we report a photochemical methodology for obtaining of 

polyfluoroaryl-1,2,4-triazoles. 

 

RESULTS AND DISCUSSION 

 
In this work, we exploited the well known photoreaction of the 1,2,4-oxadiazole system (1) which 

undergoes photolytic cleavage of the O-N bond producing a zwitterion or nitrene-like species (2). This 

species can easily be attacked by a nucleophile present in the photoreaction medium (a primary amine for 

example) to form open-chain intermediates (3) that will eventually cyclize into the final heterocyclic 

system (a N-alkyl-1,2,4-triazole) (Scheme 1).17 
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The investigated 1,2,4-oxadiazoles [derivatives (5a-e)] are characterized by the presence of a 

pentafluorophenyl at C3 (5a) or a polyfluorophenyl moiety at the C5 of the heterocycle (5b-e). The use of 

the 5-pentafluorophenyl derivative has been avoided because of some inconvenient due to the peculiar 

reactivity of 5-pentafluorophenyl-1,2,4-oxadiazoles, that easily undergo nucleophilic aromatic 

substitution of the p-fluoro- substituent by the primary amine used in the reaction.5b 

Irradiations (at λ = 254 nm) have been carried out in oxygenated methanol and in the presence of a large 

excess of methyl- or propylamine. The choice of the above conditions is a result of several experiments 

where the influence of the solvent, the amine concentration and oxygenation was investigated. In 

acetonitrile, for example, the formation of the desired triazoles (in lower yields than in methanol though) 

was accompained by a series of unidentified decomposition products. On the other hand, in methanol at 

least 3 additional competitive pathways can be identified (Scheme 2). 

The formation of solvolysis products (10) is due to the nucleophilic attack of the methanol (that competes 

with the amine) on the photolytic intermediate (6). The use of a large excess of amine, therefore, will 

favor the formation of the intermediate (7) and drive the reaction towards the 1,2,4-triazoles (8) or (9). 
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Unfortunately, the competing formation of the quinazolin-4-one (13), is also favored by the excess of the 

amine, since a photoinduced electron transfer18 (from the amine to the excited oxadiazole) is responsible 

for the formation of the radical-anion (12) that leads to the quinazolin-4-one. This reaction can be 

partially quenched by oxygenating the solution prior to irradiation. Finally, the formation of amides (11) 

is due to a hydrolysis reaction of the photolytic intermediate (6). This has been observed only for 3-

methyl-1,2,4-oxadiazoles (5d,e), while the presence of an aryl moiety at C3 (either fluorinated or not) 

inhibits the hydrolytic process. 
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The results of photoreaction are summarized in Table 1; physical and analytical data for the isolated 

products are reported in Table 2.  

This methodology cannot be applied to perfluoroalkyl derivatives; hydrolytic processes are, infact, the 

main inconvenient in the irradiation of 3-perfluoroalkyloxadiazoles from which the corresponding triazole 

could not be isolated. At the same time, 5-perfluoroalkyloxadiazole (14) produces the perfluoroalkyl 

amide (17) as the main product, probably as a result of a preliminary nucleophilic attack at C5 of the 

oxadiazole,16,19 followed by photolytic cleavage (Scheme 3).  

 

N

O
N

Ph

C7F15

MeNH2 N

O
N

Ph

C7F15

MeNH

H
N

O
N

Ph

C7F15

MeNH

H
hν

C7F15 NHMe

O

14 15 16 17

Scheme 3

 
 

As a final comment, although yields are not excellent, this photochemical approach represents a useful 

and alternative strategy to obtain fluoroaryl-1,2,4-triazoles, whose preparation by conventional 

methods16,20 could be difficult. 

 

Table 1. –  Irradiations of compounds (5a-e) in the presence of primary amines. 

 

Substrate Amine Product Distribution 
(% Recovered)  Triazole (%) Quinazolin-4-one (%) Solvolysis (%) Amide (%) 
5a (20) MeNH2 8a (35) 13a (20)     

5b (25) MeNH2 8b (37) 13b (3) 10b (10)   

5c (17) MeNH2 8c (45) 13c (2) 10c (12)   

5d (16) MeNH2 8d (35) 13d (5) 10d (15) 11d (6) 

5e (15) MeNH2 8e (46) 13e (2)   11e (15)

5a (20) n-PrNH2 9a (34) 13a (22)     

5b (25) n-PrNH2 9b (36) 13b (3) 10b (12)   

5c (20) n-PrNH2 9c (43) 13c (2) 10c (10)   

5d (16) n-PrNH2 9d (34) 13d (5) 10d (15) 11d (6) 

5e (15) n-PrNH2 9e (49) 13e (2)   11e (13)
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EXPERIMENTAL  
 
General: Melting points were determined on a REICHART-THERMOVAR hot-stage apparatus and are 

uncorrected. IR spectra (Nujol) were determined with a PERKIN ELMER 257 instrument; 1H-NMR 

spectra were recorded on a BRUKER AC 250 E spectrometer, and GC/MS spectral determinations were 

carried out on a VARIAN STAR 3400 CX/SATURN 2000 system. Flash chromatography was performed 

by using silica gel (Merck, 0.040-0.063 mm) and mixtures of ethyl acetate and light petroleum (fraction 

boiling in the range 40-60°C) in various ratios. Dry methanol (from Romil Pure Chemicals) was used as 

received.  

 
Compounds (5a),21 (5b-e),7 (14),22 (used for irradiation) and  (13a-e),7 (11d),23 (17)24 (used for 

comparison) were prepared as reported. Compound (11e) was prepared by reaction between  2,3,4-

trifluorobenzoyl chloride and ammonia. Compound (11e) had mp 134-135°C (light petroleum), IR 3400, 

3190, 1660 cm-1; 1H NMR (DMSO-d6) δ 7.40−7.65 (m, 2H, ArF); 7.85 (s, 1H, NH); 7.95 (s, 1H, NH); 

MS m/z 175 (M+ , 100), 159 (79), 131 (39), 81 (38). Anal. Calcd for C7H4NOF3: C, 48.01; H, 2.30; N, 

8.00. Found: C,47.90; H,2.20; N, 7.90. 
 

General Procedure for Photochemical Reactions 
 
Photochemical reactions were carried out by using a Rayonet RPR-100 photoreactor fitted with 16 Hg 

lamps irradiating at λ= 254 nm (RPR-2537Å) (Quartz vessels) and equipped with a merry-go-round 

apparatus. 

A solution of compound (5a-e) (1.28 mmol) in dry methanol (400 mL), was partitioned into nine pyrex 

tubes and purged with oxygen (10 min). An excess of nitrogen nucleophiles (Molar ratio base/oxadiazole 

= 10/1) was added and all the samples were irradiated for 3 h. The solvent was evaporated to dryness 

under reduced pressure yielding a residue that was chromatographed with light petroleum/ethyl acetate at 

various ratios. Yields and spectroscopic data are respectively reported in Tables 1 and 2. 

 

Irradiation of 3-Phenyl-5-perfluoroheptyl-1,2,4-oxadiazole (14)  
 
A solution of compound (14) (0.66 g, 1.28 mmol) in dry methanol (400 mL), was partitioned into nine 

pyrex tubes. An excess of methylamina (Molar ratio base/oxadiazole = 10/1) was added and all the 

samples were irradiated for 3 h. Chromatography returned starting material (0.33 g; 50%) and gave 

compound (17) (0.11 g; 20%).   
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Table 2. - Physical and analytical data for 1,2,4-triazoles (8a-e)/(9a-e) and compounds (10b-d).  
 

Compd mp (°C) IR 
(nujol) 
ν(cm-1) 

1H NMR (TMS)  
δ (ppm) 

MS 
m/z (%) 

Molecular 
Formula 

Analysis 
Calcd (Found) 

C/H/ N 
8a 92-93a  4.10b (s, 3H, Me), 7.54-7.56 (m, 

3H, Ar), 7.72-7.76 (m, 2H, Ar) 
325 (M+, 100), 222 (50), 
194 (32), 104 (15), 63 (17)

C15H8N3F5 55.39/ 2.48/12.92 
(55.20/ 2.40/12.80) 

8b 145-147a  3.96b (s, 3H, Me), 7.50-7.58 (m, 
3H, Ar), 7.92-7.94 (m, 1H, Ar), 
8.07-8.10 (m, 2H, Ar) 

307 (M+, 100), 175 (8), 
131 (70), 104 (37), 77 (17)

C15H9N3F4 58.64/2.95/13.68 
(58.50/2.80/13.60) 

8c 131-134a  3.91b (s, 3H, Me), 7.05-7.30 (m, 
2H, ArF), 7.41-7.50 (m, 3H, Ar), 
8.10-8.16 (m, 2H, Ar)  

289 (M+, 100), 131 (66), 
104 (39), 77 (14) 

C15H10N3F3 62.28/3.48/14.53 
(62.10/3.40/14.40) 

8d 62-64a  2.44b (s, 3H, Me), 3.82 (s, 3H, 
Me), 7.23-7.29 (m, 1H, ArF) 

245 (M+, 100), 70 (62), 42 
(59) 

C10H7N3F4 48.99/2.88/17.14 
(48.80/2.70/17.00) 

8e 74-76a  2.44b (s, 3H, Me), 3.81 (s, 3H, 
Me), 7.10-7.19 (m, 1H, ArF), 7.30-
7.34 (m, 1H, ArF) 

227 (M+, 100), 156 (4), 69 
(70), 42 (65)) 

C10H8N3F3 52.87/3.55/18.50 
(52.70/3.40/18.30) 

9a 52-53a  0.93b (t, 3H, Me, J = 7 Hz), 1.98 
(m, 2H, CH2), 4.26 (t, 2H, CH2, J = 
7 Hz), 7.47-7.58 (m, 3H, Ar), 7.62-
7.72 ( m, 2H, Ar) 

353 (M+, 100), 324 (21), 
310 (14), 105 (10) 

C17H12N3F5 57.79/ 3.42/11.89 
(57.60/ 3.30/11.70) 

9b 94-97a  0.91b (t, 3H, Me, J = 7 Hz), 1.98 
(m, 2H, CH2), 4.06 (t, 2H, CH2, J = 
7 Hz), 7.29-7.35 (m, 1H, ArF), 
7.40-7.52 ( m, 3H, Ar), 8.08-8.18 
(m, 2H, Ar) 

335 (M+, 100), 306 (14), 
293 (20), 104 (63), 77 (21)

C17H13N3F4 60.90/3.91/12.53 
(60.70/3.80/12.40) 

9c 90-93a  0.90b (t, 3H, Me, J = 7 Hz), 1.98 
(m, 2H, CH2), 4.05 (t, 2H, CH2, J = 
7 Hz), 7.10-7.22 (m, 2H, ArF), 
7.32-7.48 ( m, 3H, Ar), 8.12-8.16 
(m, 2H, Ar) 

317 (M+, 100), 289 (10), 
131 (23), 104 (62), 77 (17)

C17H14N3F3 64.35/4.45/13.24 
(64.20/4.30/13.10) 

9d Oil  0.84b (t, 3H, Me, J = 7 Hz), 1.84 
(m, 2H, CH2), 2.42 (s, 3H, Me), 
3.93 (t, 2H, CH2, J = 7 Hz), 7.15-
7.27 (m, 1H, ArF),  

273 (M+, 100), 244 (29), 
231 (48), 190 (40), 69 (44)

C12H11N3F4 52.75/4.06/15.38 
(52.60/3.90/15.20) 

9e Oil  0.84b (t, 3H, Me, J = 7 Hz), 1.88 
(m, 2H, CH2), 2.44 (s, 3H, Me), 
3.94 (t, 2H, CH2, J = 7 Hz), 7.11-
7.18 (m, 2H, ArF), 

255 (M+, 100), 226 (21), 
213 (43), 172 (39), 69 (56)

C12H12N3F3 56.47/ 4.74/16.46 
(56.40/ 4.70/16.40) 

10b 108-110a 3310, 
1670 

3.89c (s, 3H, MeO), 7.45-7.50 (m, 
3H, Ar), 7.63-7.69 (m, 2H, Ar), 
7.80-7.84 (m, 1H, ArF), 10.55d (s, 
1H, NH) 

326 (M+, 25), 295 (93), 
177 (100), 149 (35), 104 
(44), 77 (25) 

C15H10N2O2F4 55.22/3.09/8.59 
(55.10/3.00/8.50) 

10c 143-144a 3240, 
1650 

3.97c (s, 3H, MeO), 7.47-7.49 (m, 
3H, Ar), 7.53-7.59 (m, 2H, ArF), 
7.61-7.65 (m, 2H, Ar), 10.53d (s, 
1H, NH) 

308 (M+, 20), 277 (51), 
159 (100), 131 (29), 104 
(21), 77 (22) 

C15H11N2O2F3 58.45/3.60/ 9.09 
(58.30/3.50/ 9.00) 

10d 97-99a 3400, 
1680 

2.29c (s, 3H, Me), 3.81 (s, 3H, 
MeO), 7.72-7.83 (m, 1H, ArF), 
10.17d (s, 1H, NH) 

264 (M+, 33), 233 (58), 
177 (100), 149 (29),  

C10H8N2O2F4 45.46/3.05/10.60 
(45.30/2.90/10.40) 

 

a Crystallization solvent: Light petroleum 

b in CDCl3
 

c in DMSO-d6 

d exchangeable with D2O 
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