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Abstract: Substituted 1,2,4-oxadiazoles were synthesized in good yields in a one pot 
procedure by condensation of the corresponding amidoxime with cacboxylic acids in the 
presence of a pepfide coupling reagent in diglyme, followed by heating the reaction mixture 
to 100°(2 for several hours. Copyright © 1996 Elsevier Science Ltd 

Oxadiazoles are often considered as ester and amide bioisosteres in drug discovery research) They 

have been incorporated into muscarinic agonists,2, 3 benzodiazepine receptor agonists, 4 and andrhinovirus 

agents.50xadiazoles have also been used as dipeptidomimefics, and their electrostatic and hydrogen bonding 

properties have been studied. 1 Synthesis of oxadiazoles usually involves O-acylation of an amidoxime with 

an acid chloride 5 or an anhydridel followed by cyclization in refluxing pyridine. This method, although it 

works well on relatively simple substrates, is incompatible with many functional groups. For example, 

hydroxyl groups have to be protected prior to the reaction. 5 In our current research project we need to 

assemble oxadiazole rings from starting materials that have other functional groups. Encouraged by an early 

report 6 that O-acylation of amidoximes can be achieved under mild conditions with acetic anhydride, we 

investigated the O-acylation of amidoximes with carboxylic acids mediated by peptide coupling reagents and 

the subsequent cyclization reaction. 
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Scheme 1 

Commercially available p-toluene amidoxirne (1.0 n'anol) was treated with 1 equiv of butyric acid in 

the presence of EDC in diglyme (2-3 mL) at 50°C under nitrogen overnight, and the reaction mixture was then 

heated to 110°C for 3 hr (Scheme 1). After removal of solvent under vacuum, the reaction mixture was 

purified on a silica gel colunm eluting with 1-5% methanol in diehloromethane. The desired 1,2,4-oxadiazole 

2 was isolated in 60% yield. 7 Other solvents and peptide coupling reagents were then tested, and results are 

summarized in Table 1. It was found that a variety of peptide coupling reagents can be used for t ic  acylation 

step, and the intermediate 1 can be isolated by silica gel chromatography. The 50°C temperature for the 

acylation step was used in our initial study to solubilize EDC in diglyme, but was later found to be 

unnecessary in other cases. A trace of the cyclized product 2 can be detected by TLC if the reaction is stirred 
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Table 1. Formation of Oxadiamle 2 under Different Conditions 

ENID'  Reagent a Solvent Condensation C~lization Yield b 

1 0.5 eq EDC diglyme 50 °, overnight 110 °, 3 hr 30% 

2 1 eq EDC diglyme 50 °, overnight 110 °, 3 hr 60% 

3 2 eq EDC diglyme 50 °, overnight 110 °, 3 hr 63% 

4 1 eq EDC dioxane 50 °, overnight 110 °, 3 hr 45% 

5 1 eq EDC DMF 50 °, overnight 110 °, 3 hr 30% 

6 1 eq DCC diglyme r.t. overnight 110 °, 3 hr 54% 

7 2 eq DCC dioxane r.t., overnight 110 °, 3.5 hr 50% 

8 1 eq BOP-CI diglyrne r.t., overnight 110 °, 3 hr 47% 

9 2 eq BOP-CI diglyme r.t., overnight 1 I0 °, 5 hr 64% 

10 1 eq CDI THF, diglyme c r.t., overnight 100 °, 2 hr 62% 

11 1 eq CDI diglyme r.t., overnisht 100 °, 2 hr 57% 

a) EDC: 1-(3-Dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride; DC~: 

1 , 3 - D i c y c l o h e x y l c ~ ' d e ;  BOP-CI: Bis(2-oxo-3-oxazolidinyl)phosphinicchloride; 

CDI: l,l'-Carbonyldiimidazole; b) Isolated yields; c) THF for condensation, and diglyme for 

cyclization. 

N ~ O H  

J~ NH2 y HO a) EDC ~ N 

b) 110 ° X 

3a-c  

3a, X=H; 3b, XfOMe; 3¢, X=NO2 

Scheme 2 

at room temperature for several days. The cyclization is very slow in refluxing THF; however, it proceeds 

rapidly at 100°C in diglyme. O-Acylamidoxime I is stable and can be isolated (in -70% yield8). No evidence 

was observed for c/s- or trans-isomexs of O-acylamidoxime I by 1H NMR. Oxadiazole 2 is obtained in very 

high yield (>90%) if purified O-acylannd" oxime I is used instead of bearing the reaction mixture directly. No 

reagents are needed for the cyclizatlon. Depending on the subswates, the cyclization may be complete in 2 hr 
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at 90°C. In other cases, however, starting materials can still be detected after 3 hr at 110°C. Prolonged 

heating usually does not increase the yield, and in some cases tends to produce new by-products which can 

be detected by TLC. Electronic effects on the overall reaction are not significant since similar yields of 3a-c 

(50-60%) were obtained from substituted benzoic acids under the same reaction conditions (Scheme 2). A 

recent study shown that microwave irradiation may accelerate the cyclization. 9 

The most obvious advantage of this improved method for oxadiazole synthesis compared to the 

aforementioned acid chloride method 5 is the ready availability of a large number of carboxylic acids. The 

symmetrical anhydride method, 1 which also uses carboxylic acids as starting material, is not economical 

because half of the acid is wasted. The use of refluxing pyridine as solvent for cyclization, 1,5 which is not 

desirable for large scale operations, is also eliminated in our improved oxadiazole synthesis. More 

importantly this improved method is compatible with many functional groups. For example, mandelic acid 

derivatives can be used directly without protection of the hydroxyl group (Scheme 3). Thus, racemic 4- 

fluoro-mandelic acid (R--4-fluorophenyl) was treated with amidoxime I in the presence of I equiv of DCC in 

diglyme followed by heating to 110°C for 3 hr. The desired a-hydroxy oxadiazole 4a was isolated in 52% 

yield after silica gel column chromatography. When optically pure (S)-(-)-mandefic acid (R--phenyl) was used 

in the reaction, oxadiazole 4b was obtained in 40% yield. Analysis of the corresponding Mosher ester $ by 

IH and Â9F NMR indicated that no racemization had occurred. Two other optically pure a -  

hydroxycarboxylic acids (R=benzyl, and R=isopropyl) were also studied under the same conditions. 

Comparable yields (40-50%) for 4c and 4d were obtained, and no racemization was detected based on NMR 

studies on their Mosher esters. It is worth mentioning that 5 slowly epimerizes at the benzylic position at 

room temperature in methanol as determined by 1H NMR. This is presumably due to the high acidity of the 

benzylic proton, which has a chemical shift of 7.28 ppm in methanol-d4. 

N ~ OH OH N ~ O  

4 a - d  

4a, R--4-tluomphenyl; 4b, R---pbenyl; 4c, R=benzyl; 4d, R=isopmpyl 

Scheme 3 

We have demonstrated that oxadiazoles can be synthesized in good yields by condensation of a 

carboxylic acid with an amidoxime in the presence of a peptide coupling reagent at room temperature followed 

by heating to IO0°C for several hours, all in one pot. The reaction proceeds under neutral conditions and can 

be directly applied to functionalized substrates without modification and functional group protection. A wide 

range of structurally diverse oxadiazoles can now be readily synthesized. 
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