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A eco-friendly, straightforward and high-yielding 

methodology for the synthesis of chalcogenyl oxadiazoles via 

the K2CO3-promoted direct C–H bond chalcogenation of 2-

subsituted-1,3,4-oxadiazoles is described herein. The reaction 

was performed in the absence of metal catalyst and inert 

atmosphere using only a half equiv. of dichalcogenides and a 

low-cost base 

 

Metal-free reactions can be applied in the functionalization of C−H 

bonds to access C−C and C−heteroatom bonds and this has become a 

rapidly developing area.1 In this regard, one of the most important 

discoveries made in organic synthesis in recent years is that certain 

reactions which were thought to involve transition metal (TM) 

catalysis can, in fact, proceed without the requirement for a TM.2 

Reactions carried out under metal-free conditions are 

particularly attractive in the synthesis of pharmaceuticals.3 

Therefore, from the economic and environmental viewpoints, it 

would be advantageous and desirable to develop TM-free systems in 

the area of organic synthesis.  

 The synthetic versatility of organochalcogenides has been 

explored extensively in research articles,4 reviews5 and books.6 This 

group includes the organoselenium compounds, which can be 

employed in certain reactions7 as catalysts,8 ionic liquids,9 and 

synthetic intermediates in total synthesis.5,6,10 Another important 

advancement in this context is the formation of C-Se bonds, which 

has contributed to the synthesis of a wide range of biologically 

active molecules11 and functional materials.12 A large number of 

organoselenides have been found to function as antioxidants, 

antinociceptive agents, antidepressant apoptosis inducers and 

chemopreventors in several organs, etc.5d-e, 11 

 Functionalization of the 1,3-4-oxadiazoles scaffold is an 

important synthetic task, since oxadiazoles are well established 

as “privileged scaffolds” and are widely used for 

pharmaceutical, biological and material applications.13 They 

show a very broad spectrum of biological activity, being used, 

for instance, as inhibitors of various enzymes and as 

antimicrobial, analgesic, antiviral and antitumor agents.14 

Interestingly, few of the active compounds have a sulphur 

linkage at C-5.14b 1,3,4-Oxadiazole motifs are also of interest in 

material science and have been widely used to create novel 

materials.15  

 Many methods for the C-H functionalization of 1,3,4-

oxadiazoles have been reported in the literature with the 

formation of C-alkyl,16a C-allyl,16b C-alkynyl,16c C-aryl,16d C-

benzyl,16e C-N,16f C-S,16g-h etc. However, the disadvantages 

associated with many of these methodologies, owing to the use 

of TM catalysts, expensive reagents, harsh reaction conditions, 

hazardous materials, oxygen-free techniques or elaborate multi-

stepped processes, have limited their synthetic scope.   

 Considering the significance of these compounds, the 

challenging task of developing new green routes for the 

syntheses of chalcogenides which provide high efficiency, 

through direct substitution with heteroacromatics and other 

organic moieties, is an important research area.17 As part of our 

wider research program aimed at designing and developing eco-

friendly processes,18 herein we report for the first time a 

straightforward, mild, and environmentally benign protocol for 

the direct selenation of 1,3,4-oxadiazole, which is also 

applicable to disulphides. The functionalization of Csp2-H bonds 

proceeded smoothly with half equivs. of different 

dichalcogenides and a low-cost base in the absence of a metal 

catalyst and in an inert atmosphere. 

 To identify the best reaction conditions, 2-(4-

methylphenayl)-1,3,4-oxadiazole (1a) and diphenyl diselenide 

(2a) were initially used as standard substrates under different  

conditions, Table 1. Considering the need for a metal catalyst 

and base under inert atmosphere for Csp2-H bond 

funtionalization,17b  a preliminary  experiment was performed 

using 1 equiv. of K2CO3 and 20 mol% of CuO-nanopowder 

under an inert atmosphere in DMSO (Table 1, entry 1), 
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affording the product 3a in 56% yield. Notably, the yield was 

58% under catalyst-free conditions (entry 2). However, there 

was a slight improvement in the yield under an open 

atmosphere (Table 1, entry 3). These results suggest that the use 

of TM-free and open atmosphere conditions is appropriate for 

the selenation of 2a. 

Table 1 Optimization of the reaction conditionsa 
 
 
 
 

Entry Base  Solvent Temp. 
(oC)  

Time 
(h) 

Yieldb 
(%) 

1 c,d K2CO3 DMSO 100 18 56 
2 d K2CO3 DMSO  100 18 58 
3 K2CO3 DMSO  100 18 63 
4 K2CO3 DMSO 100 12 81 
5 K2CO3 DMSO 100 10 86 
6 K2CO3 DMSO 100 8 82 
7 K2CO3 DMSO 120 10 59 
8 K2CO3 DMSO 80 10 71 
9 K2CO3 DMSO rt 10 9 
10 e K2CO3 DMSO 100 10 85 
11 K2CO3 DMSO-dry 100 10 84 
12  K2CO3 DMF 100 10 67 
13  K2CO3 H2O 100 10 0 
14  K2CO3 THF 100 10 0 
15  K2CO3 EtOH 100 10 0 
16 K2CO3 Toluene 100 10 11 
17  K2CO3 Acetonitrile 100 10 12 
18  K2CO3 1,4-dioxane 100 10 0 
19  -- DMSO 100 10 0 
20 Na2CO3 DMSO 100 10 59 
21 Cs2CO3 DMSO 100 10 32 
22  t-BuOK DMSO 100 10 0 
23  Et3N DMSO 100 10 0 
24  KOH DMSO 100 10 13 
25 f K2CO3 DMSO 100 10 82 
26 g K2CO3  DMSO 100 10 61 
27  h K2CO3 DMSO 100 10 41 
28 i K2CO3 DMSO-dry 100 10 85 

a Reaction conditions: 1a (0.5 mmol), 2a (0.26 mmol), base (0.5 
mmol), solvent (1 ml) at a specific time under air. b Isolated yield 
based on 1a. c CuO-nano (20 mol%). d Under argon atmosphere. e 2a 

(0.5 mmol). f K2CO3 (2 equiv.). g K2CO3 (0.5 equiv.). h K2CO3 (30 
mol%). i K2CO3 with 99.997% purity.   

 In the next step the reaction time and temperature were 

screened for this transformation (entries 4-9). Ideal conditions 

were found to be 10 h reaction time at 100 oC, resulting in 3a 

with 86% yield (entry 5). It should be noted that increasing the 

stoichiometric amount of 2a to 0.5 mmol did not affect the 

yield of 3a (entry 10), while the unreacted 2a was completely 

recovered using column chromatography. During the course of 

the reaction the formation of PhSePh, a common by-product, 

was not observed.  

 Subsequently, using freshly distilled and dried DMSO was 

found to be ineffective and the product was obtained in 84% 

yield (entry 11). Other solvents were also screened and they 

failed to provide a more favourable outcome (entries 12-18). 

No product was observed in the absence of base (entry 19). The 

influence of other bases was also investigated (entries 20-24), 

all giving poor results. An adverse effect on the yield was noted 

when the amount of base (K2CO3) varied from 1 mmol (entries 

25-27). Finally, in order to eliminate any possibility of a 

catalytic effect due to trace metal contamination,17b,19 a 

controlled experiment was carried out using K2CO3 with 

99.997% purity, freshly distilled DMSO, new glassware and a 

new magnetic bar (entry 28). This experiment afforded 3a with 

85% yield and thus we can assume that a trace metal was not 

involved in these reactions. 

After determining the ideal reaction parameters, we 

explored the efficiency and generality of our methodology by 

applying it to various diorganyl diselenides 2 under the 

optimized conditions (Table 2). The reaction worked well for 

several diselenides containing both electron-donating (R1 = Me, 

OMe) and electron-withdrawing (R1 = F, Cl, CF3) groups as 

well as bulky groups, verifying the sensitivity and tolerance to 

electronic effects and steric effects of several different 

substituents. Generally, electron-donating groups at the phenyl 

ring of 2 afforded good results (entries 1-4 vs 5-7). There was a 

weaker influence on the yields due to steric hindrance of ortho-

substituted aryl substrates (entries 1-2) as compared to the 

respective para derivatives (entries 3-4). Sterically-hindered 

substrates (R1 = 2-napthyl) resulted in the desired product 3j in 

63% yield (entry 9), but dimesityldiselenide not only showed 

complete tolerance but afforded 3i with 92% yield (entry 8). 

Normally, aliphatic diselenides are considered to be less 

reactive and give low yields due to β-selenoxide elimination.17b 

Gratifyingly, under our optimized conditions, aliphatic 

diselenides produced the corresponding products in very good 

yields (entries 10-11). We were also delighted to find that C-2 

heteroaryl diselenide afforded the desired product 3m with 79% 

yield (entry 12). 

Table 2 Selenation of 2-(4-methylphenyl)-1,3,4-oxadiazole 1aa 

 

 

 

 

Entry Product, Yieldb (%) Entry Product, Yield (%) 

 

1 
 

3b, 88% 

 

7 

3h, 65% 

 

2 

3c, 96% 

 

8 

  
3i, 92% 

 

3 
 

3d, 88% 

 

9 

3j, 63% 

 

4 
 

3e, 84% 

 

10 
 

3k, 81% 

 

5 

 
3f, 82% 

 

11 

3l, 80% 

 

6 

3g, 70% 

 

12  
3m, 79% 

a Reaction conditions: 1a (0.5 mmol), 2 (0.26 mmol), K2CO3 (1 equiv.), 

O

NN

K2CO3, DMSO

100 oC, 10 h
R1SeSeR1+

2b-m1a

O

NN

3b-m

SeR1
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DMSO (1 ml), at 100 oC for 10 h under an open atmosphere. b Isolated 

yields based on 1a.  

 To further extend the scope of the reaction in relation to the 

substrate, we tested various 2-subtituted 1,3,4-oxaidazoles 1 

(Table 3). All of these substrates provided the desired product 

from good to excellent yields. The electronic and steric 

properties of the substituents in the benzene ring exerted a very 

limited influence on the reactivity (entries 1-9). Substrates with 

di- and tri-substitutions on the phenyl ring, participated 

effectively to give the desired product 3t-v. These results 

encouraged us to examine the heteroaromatic and aliphatic 

groups at the C-2 position of oxadiazole and the desired 

products were also obtained in very good yields (Table 3, 

entries 10,11). Interestingly, in an attempt to use bis-1,3,4-

oxaidzoel as the substrate, the selenated product 3y was 

obtained in good yield (entry 12), a compound which is a 

potential candidate for use in  material sciences.20 

 

Table 3 Selenation of 2-(substituted)-1,3,4-oxadiazoles 1a 

 

 

 

 

Entry Product, Yieldb (%) Entry Product, Yield (%) 

 

1 
 

3n, 84% 

 

8 

 

3u, 89% 

 

2 

3o, 79% 

 

9 

3v, 92% 

 

3 

3p, 95% 

 

10 
 

3w, 82% 

 

4 

3q, 96% 

 

11  
3x, 84% 

 

5 
 

3r, 83% 

 

 

 

 

12 c 

 

3y, 61% 

  

 

6 
 

3s, 85% 

 

7 
 

3t, 88% 

a Reaction conditions: 1a (0.5 mmol), 2 (0.26 mmol), K2CO3 (1 equiv.), 

DMSO (1 ml), at 100 oC for 10 h under an open atmosphere. b Isolated 
yields based on 1a. c 0.25 mmol of the oxadizole was used. 

 In order to further investigate the scope of this new 

methodology we extended our study to disulphides (Scheme 1), 

applying the optimal reaction conditions (Table 1, entry 5). 

Interestingly, the reaction of different diaryl disulphides 4a-b 

with oxadiazole 1a proceeded smoothly and afforded the 

corresponding C-5 thiolated oxadiazoles 5a and 5b in 55% and 

49% isolated yield (Scheme 1). The decrease in the yield values 

can be explained by the stronger S–S bond of diaryl disulphides 

compared to the respective diselendies. 

NN

O S

NN

O S
Cl

O

NN

K2CO3 (1 eq), DMSO

100 oC, 10 h

open atmosp.

ArS-SAr+

41a

O

NN

5

SAr

Ar = Ph, 2-ClPh

 

5a (55%)                  5b (49%) 

Scheme 1 Thiolation of oxadiazole 

 To demonstrate the synthetic utility of this new protocol, a 

series of reactions was carried out on different scales (Figure 1; 

up to 10 mmol). Oxadiazole 1a and diselenide 2a were selected 

as the test materials, affording 3a with no major decrease in 

yield. Therefore, this method could be used as a practical 

method to synthesize biologically-relevant lead compounds 

 
Figure 1 Results for the reaction at different scales  

 To elucidate the mechanism, some control experiments 

were conducted (Scheme 3). The radical inhibitor (TEMPO) 

did not hamper the reaction and 3a was obtained in 74% yield 

[Eq 1], which excluded the possibility of a radical pathway. 3a 

was obtained with 71% yield when phenyl selenium bromide 

was used instead of diphenyl diselenide 2a [Eq 2], 

demonstrating that the reaction passes through a 

phenylselenium cation species. While under an inert 

atmosphere, the reaction afforded 3a with 76% yield [Eq 3], 

indicating that although oxygen is not required it can facilitate 

the reaction. Subsequently, improvement in the yield of 3a was 

observed when 2a was added after 10 min under standard 

conditions [Eq 4], suggesting that deprotonation of the 

oxadiazole core is an important step in the reaction. 

+ 2a
K2CO3, TEMPO

DMSO, 100 oC

O

NN
SePh

(1)
3a (74%)

+ PhSeBr
K2CO3

DMSO, 100 oC

O

NN
SePh

(2)
3a (71%)

K2CO3, Inert atm.

DMSO, 100 oC

O

NN
SePh

(3)

3a (76%)

O

NN
SePh

(4)

3a (89%)

K2CO3 , 10 min.

DMSO, 100 oC

1a

+ 2a1a

1a
2a

1a

 

60%

70%

80%

90%

0.5 2.5 5 10

86% 84% 84% 82%

Scale (mmol)

Yield
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Scheme 3 Investigation of the mechanism  

 Based on these results, a plausible mechanism is proposed 

in Scheme 4 as follows. Initially, the K2CO3/base-promoted 

deprotonation of the oxadiazole core takes place at the C-5 

position, generating an anion. Subsequently, the selenated 

product is formed through nucleophilic attack of the anion on 

diorganyldiselenide, while the organo-selenolated species 

(anionic) is oxidized back to diselenide. 

 
Scheme 4 Proposed mechanism for the reaction 

In conclusion, we developed an efficient, economical and 

greener K2CO3-promoted procedure for the synthesis of selenated 

and thiolated oxadiazoles through Csp2-H bond functionalization, in 

the absence of metal catalyst. We prepared for the first time 

selenated oxadiazoles, compounds with potential for biological 

applications. Under mild conditions the reaction worked well in the 

presence of K2CO3, with a half equiv. of diorganyl dichalcogenides, 

without the exclusion of air and moisture, affording a wide range of 

chalcogenated oxadiazoles at the C5 position in good to excellent 

yields. The various substituents with different electronic effects and 

steric effects tolerated the optimized reaction conditions. 

The chemistry described herein represents a feasible eco-friendly 

synthetic approach for the preparation of chalcogenated oxadiazoles 

through the C-S/Se bond. This novel method provides a 

complementary, environmentally benign, and easy-operation 

approach to accessing 5-chalcogenayloxadiazole derivatives. 
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