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ABSTRACT: A direct strategy for the selective synthesis of 3-acyl-1,2,4-oxadiazoles from alkynes and nitriles has been developed 

under iron(III) nitrate-mediated conditions. The mechanism includes three sequential procedures: iron(III) nitrate-mediated nitration 

of alkynes leads to α-nitroketones, dehydration of α-nitroketones provides the nitrile oxides, and 1,3-dipolar cycloaddition of nitrile 

oxides with nitriles produces 3-acyl-1,2,4-oxadiazoles under iron-mediated conditions. Iron(III) nitrate plays dual roles in the nitra-

tion of alkynes and activation of nitriles while the formation of pyrimidine/isoxazole byproducts can be efficiently inhibited. 

INTRODUCTION 

The demand for functional 1,2,4-oxadiazoles has rapidly 

grown in many research fields.1 Interest in 3-acyl-1,2,4-

oxadiazoles has widely expanded due to their biological and 

pharmacological activities (Figure 1).2 However, the methods 

for the direct synthesis of 3-acyl-1,2,4-oxadiazoles from readi-

ly available substrates remains very rare,3 and most of them 

requires using of substrates as solvents. Moreover, nitriles are 

readily available and stable compounds containing carbon-

nitrogen triple bonds. Some approaches to synthesize 1,2,4-

oxadiazoles from nitriles and other readily available substrates 

have been developed,4 but strong acid (such as p-

toluenesulfonic acid4a-b) or strong nucleophiles (such as hy-

droxylamine4c-d) are always needed to activate the nitriles for 

satisfactory yields. In addition, 1,3-dipolar cycloaddition of 

nitrile oxides with nitriles is an efficient strategy for the syn-

thesis of 1,2,4-oxadiazoles, but stoichiometric amounts of 

strong acid are always required for the activation of the ni-

triles.4a-b,5 Therefore, the development of mild and convenient 

procedures to access 3-acyl-1,2,4-oxadiazoles from nitriles is 

still challenging and highly desirable. 

Alkynes are an easily accessible class of chemicals and 

widely used in various transfromations.6 The rich reactivity of 

alkynes makes them excellent substrates for the construction 

 

Figure 1. Examples of bioactive 3-acyl-1,2,4-oxadiazole mole-

cules. 

of diverse heterocycles such as oxazole,7 isoxazole,8 indole,9 

benzofuran,10 pyrimidine,11 1,2,3-triazole12 and benzothia-

zole.13 However, to the best of our knowledge, there are no 

reported examples of the direct construction of 1,2,4-

oxadiazole skeletons from alkynes. 

Recently, an iron(Ⅲ) nitrate-mediated synthesis of isoxa-

zoles from alkynes via 1,3-dipolar cycloaddition has been 

developed by us.8c Here iron(Ⅲ) nitrate is employed as a ni-

trating reagent, and terminal alkynes are nitrated to form the 

corresponding acyl nitrile oxides (1,3-dipolars). Furthermore, 
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Scheme 1. Iron Nitrate-Mediated Direct Synthesis Nitrogen-

Containing Heterocycles from Alkynes 

 

iron(Ⅲ)-mediated/niobium-catalyzed [2+2+2] cycloaddition 

of nitriles and alkynes was developed to synthesize pyrim-

idines. The pyrimidines were produced with relatively low 

yields only under iron(Ⅲ)-mediated conditions;11b iron(III) salt 

was used as an activation reagent of nitriles. Inspired by these 

results, we questioned whether iron(Ⅲ) nitrate could play dual 

roles in both nitration of alkynes and activation of nitriles. By 

this design, 3-acyl-1,2,4-oxadiazoles could be selectively syn-

thesized from alkynes and nitriles. In continuation of our en-

deavors towards efficient methods for the synthesis of N-

heterocycles,8c,14 we herein disclose an iron(Ⅲ) nitrate-

mediated selective synthesis of 3-acyl-1,2,4-oxadiazoles from 

alkynes and nitriles under strong-acid-free/strong-nucleophile-

free conditions where iron(Ⅲ) nitrate plays dual roles de-

scribed above. Two main difficulties must be overcome for 

this transformation (Scheme 1): (1) Avoiding the formation of 

undesired byproducts such as pyrimidines and isoxazoles. 

According to previous reports, isoxazoles could be provided 

via nitration and cyclization of alkynes (Scheme 1A);8c and 

pyrimidines could also be formed from nitriles and alkynes 

under iron(Ⅲ)-mediated conditions (Scheme 1B).11b (2) Acti-

vation stable nitriles and synthesis of 1,2,4-oxadiazole prod-

ucts selectively under strong-acid-free/strong-nucleophile-free 

conditions (Scheme 1C). 

RESULTS AND DISCUSSION 

Considering that iron(Ⅲ) nitrate as a nitrating reagent has 

many advantages such as environmental friendly and low 

cost,3c,8c,15 and iron(Ⅲ) nitrate-mediated system has shown 

good chemoselectivity via 1,3-dipolar cycloaddition with elec-

tron-deficient alkynes in the approach to isoxazles,8c we start-

ed our study by choosing phenylacetylene 1a and benzonitrile 

2a as the model substrates to challenge the selective 1,3-

dipolar cycloaddition with stable nitriles. The reaction condi-

tions including nitrate salts, solvents and ligands were opti-

mized. As shown in Table 1, iron(Ⅲ) nitrate proved to be the 

optimal nitration reagent for this transformation (entries 1-8) 

because of higher activating ability for nitriles in this reaction. 

Different solvents were also screened, and nitrobenzene pro-

vided the highest yield (entries 8-14). The effects of ligands 

Table 1. Screening of the Conditionsa

 

Entry Nitration 
reagent 

Solvent Ligand Yieldb(%) 

1 Zn(NO3)2.6H2O PhNO2 t-BuCN 23 
2 Al(NO3)3.9H2O PhNO2 t-BuCN 47 
3 Co(NO3)2.6H2O PhNO2 t-BuCN 16 
4 Cu(NO3)2.6H2O PhNO2 t-BuCN 36 
5 KNO3 PhNO2 t-BuCN 0 

6 AgNO2 PhNO2 t-BuCN 0 

7 t-BuONO PhNO2 t-BuCN 0 

8 Fe(NO3)3.9H2O PhNO2 t-BuCN 64 
9 Fe(NO3)3.9H2O Toluene t-BuCN 21 

10 Fe(NO3)3.9H2O Anisole t-BuCN 43 
11 Fe(NO3)3.9H2O dioxane t-BuCN 0 
12 Fe(NO3)3.9H2O THF t-BuCN 0 
13 Fe(NO3)3.9H2O DMSO t-BuCN 0 
14 Fe(NO3)3.9H2O DMF t-BuCN 0 
15 Fe(NO3)3.9H2O PhNO2 8-Oxine 31 
16 Fe(NO3)3.9H2O PhNO2 L-Proline 44 
17 Fe(NO3)3.9H2O PhNO2 Phenc 35 
18 Fe(NO3)3.9H2O PhNO2 - 52 
19d Fe(NO3)3.9H2O PhNO2 t-BuCN 53 

aReaction conditions: 1a (0.3 mmol), 2a (0.9 mmol, 3.0 equiv), 

nitration reagent (0.6 mmol, 2.0 equiv), ligand (0.6 mmol, 2.0 

equiv), solvent (1.0 mL) at 100 oC under nitrogen atmosphere; 1a 

in solvent (0.5 mL) was slowly added by syringe pump to the 

mixture of all other reagents in solvent (0.5 mL) for 12 h at 100 
oC, then the solution was stirred for another 24 h. bIsolated yield. 
cPhen = 1.10-Phenanthroline. d1a (0.3 mmol), 2a (1.8 mmol, 6.0 

equiv) Fe(NO3)3·9H2O (0.6 mmol 2.0 equiv), t-BuCN (0.6 mmol 

2.0 equiv) and PhNO2 (1.0 mL) were directly stirred at 100 oC 

under nitrogen atmosphere. 

were investigated, and t-BuCN was the best choice (entries 8 

and 15-18).8d,16 In addition, moderate yield could also be ob-

tained when a greater amount of benzonitrile 2a was directly 

added without use of syringe pump (entry 19). 

Under the optimized conditions (entry 8), the substrate 

scope for iron(III) nitrate-mediated selective synthesis of 

1,2,4-oxadiazoles was examined, and various kinds of alkynes 

1 and nitriles 2 including aromatic alkynes, heterocyclic al-

kynes, aromatic nitriles and heterocyclic nitriles could be 

transformed into the corresponding 3-acyl-1,2,4-oxadiazoles 

with moderate to good yields. As shown in Scheme 2, diverse 

electron-withdrawing groups (F, Cl, Br, COOR, CN; 3b-c, 3f-

r, 3u-v, 3z) and electron-donating groups (Me, n-Bu, t-Bu, 

OMe; 3d-e, 3k-l, 3o-p, 3s-y) in the substituents were well 

tolerated in this transformation. Furthermore, the aromatic 

alkynes with electron-withdrawing groups promoted higher 

yields (to give 3m), because self-coupling of aromatic alkynes 

could be weakened by electron-withdrawing groups. The posi-

tion of substituents on the phenyl groups did not obviously 

affect the product yields (3d vs. 3e, 3f vs. 3i). Additionally, 

there were some limitations for this transformation (Table S1), 
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Scheme 2. Substrate Scope of Alkynes and Nitrilesa, b 

 

aReaction conditions: 1 (0.3 mmol), 2 (0.9 mmol, 3.0 equiv), 

Fe(NO3)3
.9H2O (0.6 mmol, 2.0 equiv), t-BuCN (0.6 mmol, 2.0 

equiv), PhNO2 (1.0 mL) at 100 oC under nitrogen atmosphere; 1 

in PhNO2 (0.5 mL) was slowly added by syringe pump to the 

mixture of all other reagents in PhNO2 (0.5 mL) for 12 h at 100 
oC, then the solution was stirred for another 24 h. bIsolated yield. 

Scheme 3: Scale-Up Experiment 

  

and only aromatic substrates were tolerated in this transfor-

mation. For example, aliphatic nitriles could not react with 

alkynes efficiently under standard conditions, and only self-

coupling products of aromatic alkynes could be observed due 

to the difference of product stability. To demonstrate the syn-

thetic utility of this reaction, methoxyl-substitued product 3y 

with antiproliferative activity was successfully synthesized by 

our method. At last, a scale-up experiment (3.0 mmol) was 

also performed under iron(III)-mediated conditions (Scheme 

3), and product 3m was generated in 76  % yield. 

To probe the possible reaction pathway, some control ex-

periments were carried out (Scheme 4). First, the model reac-

tion of 1a with 2a was monitored by gas chromatography (GC) 

Scheme 4. Control Experiments for Mechanism Studya 

 
 

aCondition A: 1a (0.3 mmol), 2a (1.8 mmol 6.0 equiv), 

Fe(NO3)3·9H2O (0.6 mmol 2.0 equiv), t-BuCN (0.6 mmol 2.0 

equiv) and PhNO2 (1.0 mL) were directly stirred at 100 oC under 

nitrogen atmosphere. Condition B: I-1 (0.3 mmol), 2a (0.9 mmol 

3.0 equiv), t-BuCN (0.6 mmol 2.0 equiv) and PhNO2 (1.0 mL) 

were directly stirred at 100 oC under nitrogen atmosphere. Condi-

tion C: 1a (0.3 mmol), 2a (0.9 mmol 3.0 equiv), nitrate salt (0.6 

mmol 2.0 equiv), t-BuCN (0.6 mmol 2.0 equiv), PhNO2 (1.0 mL) 

at 100 oC under nitrogen atmosphere; 1a in PhNO2 (0.5 mL) was 

slowly added by syringe pump to the mixture of all other reagents 

in PhNO2 (0.5 mL) for 12 h at 100 oC, then the solution was 

stirred for another 24 h. Condition D: 1a (0.3 mmol), 2a (0.3 

mmol 1.0 equiv), I-1 (0.3 mmol 1.0 equiv), t-BuCN (0.45 mmol 

1.5 equiv) and PhNO2 (1.0 mL) were directly stirred at 100 oC 

under nitrogen atmosphere. 

 

under Fe(NO3)3-mediated conditions. When the reaction time 

was reduced to 30 min and the substrates were directly added 

without use of syringe pump, the target product 3a was pro-

vided in 55.49 % yield; meanwhile, α-nitroketone I-1, isoxa-

zole and pyrimidine byproducts 4a and 5a were respectively 

determined to have 4.11 %, 19.56 % and trace yields (Scheme 

4A; Figure S1-S4). Moreover, I-1 could react with nitrile 2a to 

generate the product 3a in excellent yield under iron(III)-

mediated conditions, and conversely no product was detected 

without the addition of iron(III) nitrate (Scheme 4B). In addi-

tion, when the model reaction was performed under standard 

conditions, a good yield of product 3a could be isolated, only 
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Scheme 5. Possible Mechanism 

small/trace amounts of 4a/5a were detected, and no I-1 was 

obtained (Scheme 4C1). Given the results above, I-1 should be 

the intermediate for the method to produce 1,2,4-oxadiazole 

product 3a, and was formed by the nitration of  alkyne (1a) in 

the presence of Fe(NO3)3. Byproduct 4a was formed by self-

coupling of alkynes in the presence of the same nitrating rea-

gents, while byproduct 5a was formed via [2+2+2] cycloaddi-

tion of two nitriles 2a with one alkyne 1a under iron(III)-

mediated conditions (Scheme 4D).11b There were notable 

competitions between the formation reactions of isoxa-

zole/pyrimidine (4a/5a) and target 1,2,4-oxadizole (3a). Addi-

tionally, Fe(NO3)3 is crucial for the target transformation not 

only as a nitrating reagent of alkynes but also an activating 

reagent of nitriles; and a satisfactory chemoselectivity was 

shown under Fe(NO3)3-mediated conditions. 

Copper(II) nitrate is another efficient nitration reagent of al-

kynes in Xu's works.8b,8d To further explore the cause of the 

chemoselectivity shown by iron(III) nitrate, some comparison 

experiments with copper(II) were performed (Scheme 4C, 4E). 

Iron(III) showed higher activating ability for nitriles than al-

kynes, and copper(II) showed higher activating ability for 

alkynes. Furthermore, 1,3-dipolar cycloaddition with nitriles 

could proceed more smoothly under iron(III)-mediated condi-

tions (Scheme 4C, 4E; entries 1-8 in Table 1). 

To identify the source of oxygen atom in the acyl group of 

I-1, a 18O-labelling experiment has been conducted, replacing 

Fe(NO3)3
.9H2O with anhydrous Fe(NO3)3 and H2

18O (Scheme 

4F). But no obvious 18O-labelling products could be detected 

by EI-MS (Figure S5). The results implied the oxygen atom in 

the acyl group of I-1 was from nitro group of Fe(NO3)3, rather 

than from water molecules in the system. Finally, the radical 

trapping experiments were performed with 2,2,6,6-

tetramethylpiperidinyloxy (TEMPO) and 1,1-diphenylethylene 

respectively under standard conditions (Scheme 4G). And a 

radical mechanism could be ruled out, because no suppression 

effect was observed. 

On the basis of control experiments above and previous re-

ports,8b-e,11b,17 a possible mechanism for the selective synthesis 

of 3-acyl-1,2,4-oxadiazoles is proposed in Scheme 5. At first, 

nitration of alkyne 1 gives adduct I,8b,8d and dehydration of I 

leads to II in the presence of iron(III) nitrate.8e,18 Meanwhile, 

nitrile 2 coordinates with Fe(III) to afford the iron complex III. 

Finally, 1,3-dipolar cycloaddition of II with III provides the 

desired 1,2,4-oxadiazole product 3, releasing the Fe(III) cata-

lyst. 

CONCLUSION 

In summary, we have developed a direct and simple method 

for the selective synthesis of 3-acyl-1,2,4-oxadiazoles from 

alkynes and nitriles via iron(III) nitrate-mediated 1,3-dipolar 

cycloaddition. The significance of this work lies in four points: 

1) A direct construction of 1,2,4-oxadiazole skeleton from 

readily available alkynes has not been previously reported. 2) 

Iron(III) nitrate plays dual roles in the nitration of alkynes and 

activation of nitriles; and iron(III) shows distinguished activa-

tion on nitriles over copper(II) and other metal salts tested. 3) 

A good chemoselectivity for the target 3-acyl-1,2,4-

oxadiazoles is shown under iron(III) nitrate-mediated condi-

tions, and the formation of pyrimidine/isoxazole byproducts 

from alkynes/nitriles is efficiently inhibited. 4) The nitrile 

substrates could be activated and transformed into the corre-

sponding 1,2,4-oxadiazole products under strong-acid-

free/strong-nucleophile-free conditions; in precedent methods 

for the synthesis of 1,2,4-oxadiazoles from nitriles, strong 

acids or strong nucleophiles were always needed to activate 

the nitriles for a satisfactory yield. This method provides an 

opportunity for the modification and construction of functional 

1,2,4-oxadiazole derivatives with diverse bioactivities. 

EXPERIMENTAL SECTION 

General Information. GC analysis was performed using 

gas chromatograph of Tianmei GC 7900. Melting points were 

recorded on SGW X-4. Mass spectra were recorded with a 

Bruker Daltonics ion trap mass spectrometry using atmospher-

ic pressure chemical ionization (APCI) or electrospray ioniza-

tion (ESI) techniques. High resolution mass spectra were rec-

orded with a Bruker Daltonics Maxis Impact quadrupole-time 

of flight (QTOF) mass spectrometer using electrospray ioniza-

tion (ESI). 1H NMR and 13C NMR spectra were recorded on 

Bruker 400 MHz or 300 MHz spectrometers. Proton and car-

bon magnetic resonance spectra (1H NMR and 13C NMR) were 

recorded using tetramethylsilane (TMS) in the solvent of 

CDCl3 as the internal standard (1H NMR: TMS at 0.00 ppm, 

CHCl3 at 7.26 ppm; 13C NMR: CDCl3 at 77.16 ppm) or were 

recorded using tetramethylsilane (TMS) in the solvent of 

DMSO-d6 as the internal standard (1H NMR: TMS at 0.00 

ppm, DMSO-d6 at 2.50 ppm; 13C NMR: DMSO-d6 at 39.51 

ppm). All reactions were carried out under nitrogen atmos-

phere. Unless otherwise noted, all the materials are commer-

cial without further purifications.  

General Procedures for the Synthesis of 3-Acyl-1,2,4-

Oxadiazols. Nitriles 2 (0.9 mmol, 3.0 equiv), Fe(NO3)3·9H2O 

(0.6 mmol, 2.0 equiv), t-BuCN (0.6 mmol, 2.0 equiv) and 

PhNO2 (0.5 mL) were added to a sealed Schlenk tube and 

stirred at 100 ℃ (oil bath) under nitrogen atmosphere. Then 

the solution of alkynes 1 (0.3 mmol 1.0 equiv) in PhNO2 (0.5 

mL) was slowly added to the Schlenk tube by syringe pump 

infusion (Figure S6) for 12 h. The reaction mixture was stirred 

for another 24 h and monitored by TLC. After the reaction was 

completed, the resulting solution was cooled down to room 
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temperature, which was evaporated in vacuum to obtain crude 

products. Finally, the crude products were purified by silica 

gel column chromatography to obtain target products 3a-z. 

3-Benzoyl-5-phenyl-1,2,4-oxadiazole (3a).3b,19 Eluent = 

petroleum ether/ethyl acetate (20:1). Yield 48 mg (64%), 

white solid, mp 91.3-92.7 oC (lit.19 mp 92 oC). 1H NMR (300 

MHz, CDCl3, ppm) δ 8.24 (d, J = 7.6 Hz, 2H), 8.18-8.15 (m, 

2H), 7.62-7.53 (m, 2H), 7.47-7.43 (m, 4H). 13C{1H} NMR 

(100 MHz, CDCl3, ppm) δ 183.0, 176.5, 166.2, 135.1, 134.6, 

133.4, 130.7, 129.2, 128.7, 128.5, 123.4. ESI-MS [M+H]+ m/z 

251.1. The structure of 3a was further confirmed by X-ray 

crystallagraply (Scheme S1). 

3-Benzoyl-5-(4-fluorophenyl)-1,2,4-oxadiazole (3b). Eluent 

= petroleum ether/ethyl acetate (20:1). Yield 55 mg (68%), 

white solid, mp 119.4-120.3 oC. 1H NMR (400 MHz, CDCl3, 

ppm) δ 8.29-8.22 (m, 4H), 7.67-7.63 (m, 1H), 7.53-7.49 (m, 

2H), 7.24-7.19 (m, 2H). 13C{1H} NMR (100 MHz, CDCl3, 

ppm) δ 182.9, 175.6, 167.1, 165.4 (d, J = 265.1 Hz), 135.0, 

134.6, 131.0 (d, J = 9.4 Hz), 130.6, 128.7, 119.7 (d, J = 3.3 

Hz), 116.7 (d, J = 22.4 Hz). ESI-HRMS [M+H]+ m/z calcd for 

C15H9FN2O2 268.0648, found 268.0623. 

3-Benzoyl-5-(2-chlorophenyl)-1,2,4-oxadiazole (3c). Eluent 

= petroleum ether/ethyl acetate (20:1). Yield 57 mg (67%), 

white solid, mp 83.2-84.9 oC. 1H NMR (300 MHz, CDCl3, 

ppm) δ 8.27 (d, J = 7.7 Hz, 2H), 8.14 (d, J = 7.7 Hz, 1H), 

7.65-7.60 (m, 1H), 7.55-7.46 (m, 4H), 7.41-7.36 (m, 1H). 
13C{1H} NMR (100 MHz, CDCl3, ppm) δ 182.7, 175.2, 165.8, 

135.1, 134.7, 134.1, 133.8, 132.4, 131.5, 130.7, 128.7, 127.2, 

122.8. ESI-HRMS [M+H]+ m/z calcd for C15H9ClN2O2 

284.0453, found  284.0431. 

3-Benzoyl-5-(2-methylphenyl)-1,2,4-oxadiazole (3d). Eluent 

= petroleum ether/ethyl acetate (20:1). Yield 51 mg (64%), 

yellow liquid. 1H NMR (300 MHz, CDCl3, ppm) δ 8.36-8.32 

(m, 2H), 8.23-8.20 (m, 1H), 7.69-7.67 (m, 1H), 7.58-7.48 (m, 

3H), 7.40-7.37 (m, 2H), 2.78 (s, 3H). 13C{1H} NMR (75 MHz, 

CDCl3, ppm) δ 183.2, 177.2, 165.9, 139.5, 135.2, 134.6, 132.9, 

132.1, 130.6, 130.7, 128.7, 126.4, 122.5, 22.1. ESI-HRMS 

[M+H]+ m/z calcd for C16H12N2O2 264.0899, found 264.0911. 

3-Benzoyl-5-(4-methylphenyl)-1,2,4-oxadiazole (3e). Eluent 

= petroleum ether/ethyl acetate (20:1). Yield 49 mg (62%), 

white solid, mp 91.2-92.1 oC. 1H NMR (300 MHz, CDCl3, 

ppm) δ 8.26 (d, J = 7.5 Hz, 2H), 8.07 (d, J = 8.2 Hz, 2H), 

7.64-7.59 (m, 1H), 7.51-7.46 (m, 2H), 7.30 (d, J = 8.1 Hz, 2H), 

2.39 (s, 3H). 13C{1H} NMR (100 MHz, CDCl3, ppm) δ 183.2, 

176.7, 166.1, 144.4, 135.2, 134.5, 130.7, 129.9, 128.7, 128.5, 

120.6, 21.8. ESI-HRMS [M+H]+ m/z calcd for C16H12N2O2 

264.0899, found  264.0917. 

3-(4-Fluorobenzoyl)-5-phenyl-1,2,4-oxadiazole (3f).3a Elu-

ent = petroleum ether/ethyl acetate (20:1). Yield 64 mg (80%), 

white solid, mp 105.4-106.7 oC (lit.3a mp 106-108 oC). 1H 

NMR (300 MHz, CDCl3, ppm) δ 8.35-8.31 (m, 2H), 8.17 (d, J 

= 7.4 Hz, 2H), 7.59-7.55 (m, 1H), 7.51-7.46 (m, 2H), 7.19-

7.12 (m, 2H). 13C{1H} NMR (75 MHz, CDCl3, ppm) δ 181.3, 

176.6, 116.7 (d, J = 257.9 Hz), 166.0, 133.6, 133.5, 131.5 (d, J 

= 2.9 Hz), 129.3, 128.5, 123.2, 116.0 (d, J = 22.0 Hz). ESI-MS 

[M+H]+  m/z 268.8. 

3-(4-Fluorobenzoyl)-5-(4-fluorophenyl)-1,2,4-oxadiazole 

(3g). Eluent = petroleum ether/ethyl acetate (20:1). Yield 63 

mg (73%), white solid, mp 124.3-125.8 oC. 1H NMR (400 

MHz, CDCl3, ppm) δ 8.43-8.40 (m, 2H), 8.30-8.27 (m, 2H), 

7.29-7.22 (m, 4H). 13C{1H} NMR (100 MHz, CDCl3, ppm) δ 

181.2, 175.7, 168.0 (d, J = 66.7 Hz), 166.0, 165.0 (d, J = 64.8 

Hz), 133.6 (d, J = 9.7 Hz), 131.4, 131.0 (d, J = 9.4 Hz), 119.6 

(d, J = 3.1 Hz), 116.7 (d, J = 22.4 Hz), 116.0 (d, J = 22.0 Hz). 

ESI-HRMS [M+H]+ m/z calcd for C15H8F2N2O2 286.0554, 

found 286.0537. 

3-(4-Fluorobenzoyl)-5-(2-thienyl)-1,2,4-oxadiazole (3h). 

Eluent = petroleum ether/ethyl acetate (10:1). Yield 62 mg 

(75%), white solid, mp 146.3-47.5 oC. 1H NMR (300 MHz, 

CDCl3, ppm) δ 8.20 (d, J = 8.6 Hz, 2H), 7.95 (d, J = 2.8 Hz, 

1H), 7.64 (d, J = 4.9 Hz, 1H), 7.43 (d, J = 8.6 Hz, 2H), 7.17-

7.14 (m, 1H). 13C{1H} NMR (75 MHz, CDCl3, ppm) δ 181.5, 

172.3, 165.8, 141.4, 133.4, 113.3, 133.1, 132.0, 129.1, 128.8, 

124.6. ESI-HRMS [M+H]+ m/z calcd for C13H7FN2O2S 

274.0212, found 274.0220. 

3-(3-Fluorobenzoyl)-5-phenyl-1,2,4-oxadiazole (3i). Eluent 

= petroleum ether/ethyl acetate (20:1). Yield 59 mg (73%), 

white solid, mp 104.1-105.5 oC. 1H NMR (300 MHz, CDCl3, 

ppm) δ 8.18 (d, J = 7.3 Hz, 2H), 8.09 (d, J = 7.8 Hz, 1H), 7.97 

(d, J = 9.4 Hz, 1H), 7.60-7.55 (m, 1H), 7.52-7.43 (m, 3H), 

7.34-7.28 (m, 1H). 13C{1H} NMR (75 MHz, CDCl3, ppm) δ 

181.6 (d, J = 2.6 Hz), 165.9, 164.3, 161.0, 136.8 (d, J = 6.9 

Hz), 133.6, 130.4 (d, J = 7.7 Hz), 129.3, 128.5, 126.6 (d, J = 

3.0 Hz), 123.1, 121.7 (d, J = 22.4 Hz), 117.3 (d, J = 21.3 Hz). 

ESI-HRMS [M+H]+ m/z calcd for C15H9FN2O2 268.0648, 

found 268.0637. 

3-(3-Fluorobenzoyl)-5-(4-chlorophenyl)-1,2,4-oxadiazole 

(3j). Eluent = petroleum ether/ethyl acetate (20:1). Yield 64 

mg (70%), white solid, mp 96.8-97.1 oC. 1H NMR (400 MHz, 

CDCl3, ppm) δ 8.28-8.24 (m, 2H), 8.14-8.12 (m, 1H), 8.03-

8.01 (m, 1H), 7.54-7.49 (m, 1H), 7.37-7.35 (m, 1H), 7.26-7.21 

(m, 1H). 13C{1H} NMR (100 MHz, CDCl3, ppm) δ 181.4 (d, J 

= 2.6 Hz), 175.5, 165.9, 163.9, 161.4, 136.6 (d, J = 6.9 Hz), 

135.6, 133.6, 130.6, 130.6 (d, J = 7.7 Hz), 128.5, 126.6, 126.6, 

126.6, 124.7, 121.8 (d, J = 21.4 Hz), 117.3 (d, J = 23.4 Hz). 

ESI-HRMS [M+H]+ m/z calcd for C15H8FClN2O2 302.0258, 

found 302.0252. 

3-(3-Fluorobenzoyl)-5-(4-methylphenyl)-1,2,4-oxadiazole 

(3k). Eluent = petroleum ether/ethyl acetate (20:1). Yield 54 

mg (64%), white solid, mp 114.6-115.5 oC. 1H NMR (300 

MHz, CDCl3, ppm) δ 8.19-8.13 (m, 3H), 8.05 (d, J = 9.5 Hz, 

1H), 7.58-7.51 (m, 1H), 7.42-7.36 (m, 3H), 2.46 (s, 3H). 
13C{1H} NMR (100 MHz, CDCl3, ppm) δ 181.8, 176.8, 165.9, 

163.9, 161.4, 144.5, 137.0 (d, J = 6.8 Hz), 130.4 (d, J = 7.6 

Hz), 130.0, 128.5, 126.6 (d, J = 3.0 Hz), 121.6 (d, J = 21.5 Hz), 

120.5, 117.2 (d, J = 23.6 Hz), 21.8. ESI-HRMS [M+H]+ m/z 

calcd for C16H11FN2O2 282.0805, found 282.0807. 

3-(3-Fluorobenzoyl)-5-(4-methoxyphenyl)-1,2,4-oxadiazole 

(3l). Eluent = petroleum ether/ethyl acetate (20:1). Yield 57 

mg (64%), white solid, mp 126.6-127.1 oC. 1H NMR (300 

MHz, CDCl3, ppm) δ 8.23-8.16 (m, 3H), 8.08-8.04 (m, 1H), 

7.58-7.51 (m, 1H), 7.43-7.36 (m, 1H), 7.05 (d, J = 8.9 Hz, 2H), 

3.92 (s, 3H). 13C{1H} NMR (100 MHz, CDCl3, ppm) δ 181.9, 

176.6, 165.9, 163.9, 163.8, 161.4, 144.5, 137.0 (d, J = 7.0 Hz), 

130.5, 130.4 (d, J = 7.6 Hz), 126.6 (d, J = 3.0 Hz), 121.6 (d, J 
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= 21.5 Hz), 117.2 (d, J = 23.6 Hz), 115.7, 114.7, 55.6. ESI-

HRMS [M+H]+ m/z calcd for C16H11FN2O3 298.0754, found 

298.0752. 

3-(4-Chlorobenzoyl)-5-phenyl-1,2,4-oxadiazole (3m).3a El-

uent = petroleum ether/ethyl acetate (20:1). Yield 73 mg 

(85%), yellow solid, mp 99.3-101.4 oC (lit.3a mp 100-102 oC). 
1H NMR (400 MHz, CDCl3, ppm) δ 8.34-8.31 (m, 2H), 8.25-

8.22 (m, 2H), 7.67-7.61 (m, 1H), 7.58-7.50 (m, 4H). 13C{1H} 

NMR (75 MHz, CDCl3, ppm) δ 181.7, 176.6, 166.0, 141.4, 

133.6, 133.4, 132.1, 129.3, 129.1, 128.5, 123.2. ESI-MS 

[M+H]+ m/z 284.9. 

3-(4-Chlorobenzoyl)-5-(4-fluorophenyl)-1,2,4-oxadiazole 

(3n). Eluent = petroleum ether/ethyl acetate (20:1). Yield 64 

mg (70%), yellow solid, mp 117.2-118.5 oC. 1H NMR (400 

MHz, DMSO-d6, ppm) δ 8.31-8.27 (m, 2H), 8.25-8.23 (m, 2H), 

7.75-7.72 (m, 2H), 7.56-7.52 (m, 2H). 13C{1H} NMR (100 

MHz, DMSO-d6, ppm) δ 182.3, 175.5, 166.5 (d, J = 256.2 Hz), 

164.4, 140.4, 134.0, 132.6, 131.6 (d, J = 9.4 Hz), 129.5, 117.5 

(d, J = 3.3 Hz), 116.7 (d, J = 22.4 Hz). ESI-HRMS [M+H]+ 

m/z calcd for C15H8FClN2O2 302.0258, found 302.0261. 

3-(4-Chlorobenzoyl)-5-(2-methylphenyl)-1,2,4-oxadiazole 

(3o). Eluent = petroleum ether/ethyl acetate (20:1). Yield 64 

mg (71%), yellow solid, mp 108.3-109.1 oC. 1H NMR (300 

MHz, CDCl3, ppm) δ 8.22 (d, J = 8.6 Hz, 2H), 8.10 (d, J = 7.3 

Hz, 1H), 7.44-7.39 (m, 3H), 7.30-7.26 (m, 2H), 2.68 (s, 3H). 
13C{1H} NMR (75 MHz, CDCl3, ppm) δ 181.8, 177.3, 165.6, 

141.3, 139.5, 133.4, 133.0, 132.0 132.1, 130.6, 129.1, 126.4, 

122.4, 22.1. ESI-HRMS [M+H]+ m/z calcd for C16H11ClN2O2 

298.0509, found 298.0523. 

3-(4-Bromobenzoyl)-5-(4-methylphenyl)-1,2,4-oxadiazole 

(3p). Eluent = petroleum ether/ethyl acetate (20:1). Yield 55 

mg (54%), white solid, mp 107.1-108.5 oC. 1H NMR (400 

MHz, CDCl3, ppm) δ 8.25-8.22 (m, 2H), 8.16-8.13 (m, 2H), 

7.72-7.70 (m, 22H), 7.38 (d, J = 8.0 Hz, 2H), 2.47 (s, 3H). 
13C{1H} NMR (100 MHz, CDCl3, ppm) δ 182.0, 176.8, 165.9, 

144.5, 133.8, 132.1, 132.1, 130.2, 130.0, 128.5, 120.5, 21.8. 

ESI-HRMS [M+H]+ m/z calcd for C16H11BrN2O2 342.0004, 

found 341.9996. 

3-(4-Cyanobenzoyl)-5-phenyl-1,2,4-oxadiazole (3q). Eluent 

= petroleum ether/ethyl acetate (20:1). Yield 65 mg (79%), 

white solid, mp 170.1-171.5 oC. 1H NMR (300 MHz, CDCl3, 

ppm) δ 8.22 (d, J = 8.3 Hz, 2H), 8.14 (d, J = 7.2 Hz, 2H), 7.73 

(d, J = 8.3 Hz, 2H), 7.60-7.47 (m, 3H). 13C{1H} NMR (75 

MHz, CDCl3, ppm) δ 176.3, 167.6, 133.1, 132.6, 131.1, 129.2, 

128.2, 128.0, 123.8, 118.2, 114.7. ESI-HRMS [M+H]+ m/z 

calcd for C16H9N3O2 275.0695, found 275.0683. 

3-(4-methylbenzoylformate)-5-phenyl-1,2,4-oxadiazole (3r). 

Eluent = petroleum ether/ethyl acetate (20:1). Yield 60 mg 

(65%), white solid, mp 90.1-91.2 oC. 1H NMR (400 MHz, 
CDCl3, ppm) δ 8.27-8.22 (m, 4H), 8.18 (d, J = 8.4 Hz, 2H), 
7.63-7.61 (m, 1H), 7.59-7.55 (m, 2H), 3.97 (s, 3H). 13C{1H} 

NMR (100 MHz, CDCl3, ppm) δ 176.0, 168.3, 166.4, 132.9, 
132.4, 131.0, 130.0, 129.1, 128.2, 127.5, 124.1, 52.3. ESI-

HRMS [M+H]+ m/z calcd for C17H12N2O4 308.0797, found 

308.0792. 

3-(4-tert-Butylbenzoyl)-5-phenyl-1,2,4-oxadiazole (3s). El-

uent = petroleum ether/ethyl acetate (20:1). Yield 62 mg 

(72%), colourless liquid. 1H NMR (400 MHz, CDCl3, ppm) δ 

8.28-8.26 (m, 4H), 7.65 (d, J = 7.5 Hz, 1H), 7.60-7.55 (m, 4H), 

1.38 (s, 9H). 13C{1H} NMR (100 MHz, CDCl3, ppm) δ 182.6, 

176.4, 166.3, 158.7, 133.4, 132.6, 130.7, 129.2, 128.5, 125.8, 

123.4, 35.3, 31.0. ESI-HRMS [M+H]+ m/z calcd for 

C19H18N2O2 306.1368,  found 306.1357. 

3-(4-Methylbenzoyl)-5-phenyl-1,2,4-oxadiazole (3t).3b,19 

Eluent = petroleum ether/ethyl acetate (20:1). Yield 52 mg 

(66%), white solid, mp 116.2-117.5 oC (lit.19 mp 115 °C). 1H 

NMR (300 MHz, CDCl3, ppm) δ 8.10 (d, J = 7.9 Hz, 4H), 

7.52-7.47 (m, 1H), 7.44-7.39 (m, 2H), 7.20 (d, J = 8.0 Hz, 2H), 

2.31 (s, 3H). 13C{1H} NMR (75 MHz, CDCl3, ppm) δ 182.5, 

176.3, 166.2, 145.9, 133.4, 132.6, 130.8, 129.4, 129.2, 128.4, 

123.3, 21.8. ESI-MS [M+H]+ m/z 265.1. 

3-(4-Methylbenzoyl)-5-(4-fluorophenyl)-1,2,4-oxadiazole 

(3u). Eluent = petroleum ether/ethyl acetate (20:1). Yield 64 

mg (76%), white solid, mp 114.6-115.1 oC. 1H NMR (300 

MHz, CDCl3, ppm) δ 8.30-8.22 (m, 4H), 7.35 (d, J = 8.0 Hz, 

2H), 7.29-7.23 (m, 2H), 2.47 (s, 3H). 13C{1H} NMR (75 MHz, 

CDCl3, ppm) δ 181.4, 174.5, 165.8 (d, J = 256.0 Hz), 165.2, 

144.9, 131.6, 130.0 (d, J = 9.3 Hz), 129.8, 128.4, 119.7 (d, J = 

3.3 Hz), 115.7 (d, J = 22.4 Hz), 20.8. ESI-HRMS [M+H]+ m/z 

calcd for C16H11FN2O2 282.0805, found 282.0801. 

3-(4-Methylbenzoyl)-5-(4-chlorophenyl)-1,2,4-oxadiazole 

(3v). Eluent = petroleum ether/ethyl acetate (20:1). Yield 71 

mg (79%), white solid, mp 109.3-110.9 oC. 1H NMR (400 

MHz, CDCl3, ppm) δ 8.24-8.19 (m, 4H), 7.56 (d, J = 8.6 Hz, 

2H), 7.36 (d, J = 8.1 Hz, 2H), 2.47 (s, 3H). 13C{1H} NMR 

(100 MHz, CDCl3, ppm) δ 182.4, 175.5, 166.3, 146.0, 140.0, 

132.6, 130.8, 129.7, 129.7, 129.5, 121.9, 21.8. ESI-HRMS 

[M+H]+ m/z calcd for C16H11ClN2O2 298.0509, found 

298.0504. 

3-(4-Methylbenzoyl)-5-(2-thienyl)-1,2,4-oxadiazole (3w). 

Eluent = petroleum ether/ethyl acetate (10:1). Yield 55 mg 

(68%), white solid, mp 135.7-136.8 oC. 1H NMR (400 MHz, 

DMSO-d6, ppm) δ 8.23-8.21 (m, 2H), 8.15 (d, J = 8.2 Hz, 2H), 

7.51 (d, J = 8.1 Hz, 2H), 7.47-7.45 (m, 1H), 2.50 (s, 3H). 
13C{1H} NMR (100 MHz, DMSO-d6, ppm) δ 182.9, 171.9, 

166.1, 146.4, 135.3, 134.0, 132.8, 130.9, 130.0, 129.9, 124.4, 

21.8. ESI-HRMS [M+H]+ m/z calcd for C14H10N2O2S 

270.0463, found 270.0449. 

3-(4-Butylbenzoyl)-5-phenyl-1,2,4-oxadiazole (3x). Eluent 

= petroleum ether/ethyl acetate (20:1). Yield 61 mg (66%), 

white solid, mp 103.6-104.4 oC. 1H NMR (300 MHz, CDCl3, 

ppm) δ 8.20-8.16 (m, 4H), 7.62-7.55 (m, 1H), 7.52-7.47 (m, 

2H), 7.28 (d, J = 8.1 Hz, 2H), 2.64 (t, J = 7.7 Hz, 2H), 1.60-

1.55 (m, 2H), 1.13-1.26 (m, 2H), 0.86 (t, J = 7.3 Hz, 3H). 
13C{1H} NMR (75 MHz, CDCl3, ppm) δ 182.6, 176.4, 166.3, 

150.8, 133.4, 132.8, 130.9, 129.2, 128.9, 128.5, 123.4, 35.9, 

33.1, 22.3, 13.9. ESI-HRMS [M+H]+ m/z calcd for 

C19H18N2O2 306.1368, found 306.1342. 

3-(4-Methoxybenzoyl)-5-phenyl-1,2,4-oxadiazole (3y).3b El-

uent = petroleum ether/ethyl acetate (10:1). Yield 40 mg 

(48%), White solid, mp 114.2-115.3 oC. 1H NMR (400 MHz, 

CDCl3, ppm) δ 8.37-8.35 (m, 2H), 8.34-8.25 (m, 2H), 7.65-

7.58 (m, 1H), 7.57-7.55 (m, 2H), 7.03-7.01 (m, 2H), 3.92 (s, 

3H). 13C{1H} NMR (100 MHz, CDCl3, ppm) δ 181.3, 176.3, 

166.4, 164.9, 133.3, 133.2, 129.2, 128.5, 128.2, 123.5, 114.1, 

55.6. ESI-MS [M+H]+ m/z 280.9. 
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3-(2-Pyridinone)-5-(4-fluorophenyl)-1,2,4-oxadiazole (3z). 

Eluent = petroleum ether/ethyl acetate (5:1). Yield 44 mg 

(54%), white solid, mp 123.3-124.9 oC. 1H NMR (300 MHz, 

CDCl3, ppm) δ 8.36-8.32 (m, 2H), 8.31-8.18 (m, 2H), 7.22-

7.13 (m, 4H). 13C{1H} NMR (75 MHz, CDCl3, ppm) δ 181.2, 

175.7, 168.5, 166.0, 166.3 (d, J = 191.3 Hz), 164.2, 133.6, 

133.5, 131.4 (d, J = 2.9 Hz), 131.1, 131.0, 119.6 (d, J = 3.3 

Hz), 116.8 (d, J = 22.4 Hz), 116.2, 115.9. ESI-HRMS [M+H]+ 

m/z calcd for C14H8FN3O2  269.0601, found 269.0622. 

3-Benzoyl-5-phenyl-isoxazol (4a).8c Eluent = petroleum 

ether/ethyl acetate (20:1). Yellow solid, mp 78.2-81.5 oC (lit.8c 

mp 80.5-82.0 °C). 1H NMR (400 MHz, CDCl3, ppm) δ 8.36-

8.34 (m, 2H), 7.87-7.83 (m, 2H), 7.68-7.64 (m, 1H), 7.56-7.48 

(m, 5H), 7.05 (s, 1H). 13C{1H} NMR (100 MHz, CDCl3, ppm) 

δ 185.8, 170.8, 162.4, 135.7, 134.0, 130.7 (d, J = 3.3 Hz), 

129.1, 128.6, 126.7, 126.0, 100.2. APCI-MS [M+H]+ m/z 

250.0. 

2,4,6-triphenylpyrimidine (5a).20 Eluent = petroleum 

ether/ethyl acetate (50:1). White solid, mp 176.5-179.7 oC 

(lit.20 mp 175-177 °C). 1H NMR (300 MHz, CDCl3, ppm) δ 

8.83-8.82 (m, 2H), 8.34-8.31 (m, 4H), 8.00 (s, 1H), 7.62-7.58 

(m, 9H). 13C{1H} NMR (75 MHz, CDCl3, ppm) δ 164.7, 164.5, 

138.2, 137.5, 130.8, 130.7, 128.9, 128.6, 128.5, 127.3, 110.2. 

ESI-MS [M+H]+ m/z 309.2. 

2-Nitro-1-phenylethanone (I-1).21 Eluent = petroleum 

ether/ethyl acetate (5:1). White solid, mp 103.2-105.3 oC (lit.17 

mp 105-107 °C). 1H NMR (400 MHz, CDCl3, ppm) δ 7.89-

7.87 (m, 2H), 7.71-7.67 (m 1H), 7.56-7.51 (m, 2H), 5.92 (s, 

2H). 13C{1H} NMR (100 MHz, CDCl3, ppm) δ 185.9, 135.1, 

129.3, 128.2, 81.4. ESI-MS [M-H]- m/z 164.6. 

Procedures for Scale-Up Experiment of 1m with 2a. Ni-

trile 2a (927.9 mg, 9.0 mmol), Fe(NO3)3·9H2O (2424 mg, 6.0 

mmol), t-BuCN (498.6 mg, 6.0 mmol) and PhNO2 (3.0 mL) 

were added to a sealed Schlenk tube and stirred at 100 ℃ (oil 

bath) under nitrogen atmosphere. Then the solution of alkyne 

1m (408.0 mg, 3.0 mmol) in PhNO2 (3.0 mL) was slowly add-

ed to the Schlenk tube by syringe pump infusion for 12 h. The 

reaction mixture was stirred for another 24 h and monitored by 

TLC. After the reaction was completed, the resulting solution 

was cooled down to room temperature, which was evaporated 

in vacuum to obtain crude product. Finally, the crude product 

was purified by silica gel column chromatography to obtain 

target product 3m in 76 % yield (648.0 mg). 
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