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Abstract 

 2,5-disubstituted 1,3,4-oxadiazoles are a class of organic compound that are widely used 

and successful in pharmaceutical chemistry because they demonstrate strong biological activity. 

They are part of a larger class of compound called heterocycles, which make up most 

pharmaceutical drugs today. When synthesizing the compounds, higher yield means higher 

reactivity of the compound, and this is important for pharmaceuticals that need to have a strong 

biological activity. Per past studies, electron withdrawing groups on the compound allow higher, 

product yields. Along with electron withdrawing group addition, the bond length from electron 

withdrawing group and its corresponding carbon is analyzed to look for positive correlation 

between high product yield and electron withdrawing group addition. The objective of this 

research is clarified by two phases: synthesis of 1,3,4-oxadiazoles with different electron 

withdrawing groups and analysis of yield and bond length. The conclusion of these phases 

demonstrates a trend between bond length and yield of the para oxadiazoles. As product yield 

increases, the bond length of the electron withdrawing group to carbon shortens. This trend is not 

observed in the ortho products because of other unknown factors, including steric hindrances that 

may limit the strength of the electron withdrawing group. 
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Morphine            Codeine 

Introduction 

1,3,4-oxadiazoles are a class of heterocycle, meaning a carbon ring with additional atoms like 

nitrogen, sulfur and oxygen. Oxadiazoles are widely used in medicinal chemistry because of 

their strong biological applications. These applications include, but are not limited to, 

antibacterial and antifungal activity, as well as being useful pesticides.1 Some well-known 

heterocyclic compounds represented by Figure 1 are morphine and codeine, which are successful 

pain relievers. These two compounds differ by one methyl group attached to the top benzene 

ring. According to recent studies, 

more than 90% of new drugs are 

composed of some form of   

heterocycle.1 In 2006, eight of the 

top ten most used prescription 

drugs were heterocycles.2 Some of those 

compounds, Lipitor, Prevacid, and Singulair are shown in Figure 2. Although these compounds 

are all heterocycles, they differ greatly in biological activity. Lipitor is used to lower cholesterol 

levels while Prevacid treats acid reflux and Singulair treats asthmas and allergies.2 Other 

heterocycles that naturally occur in the body are riboflavin, biotin, vitamin C, and the 

neurotransmitters serotonin and melatonin. Those structures are shown in Figure 2. Along with 

these naturally occurring heterocycles are those commonly found in pesticides like diazinon, 

which is also shown in Figure 2. Heterocycles allowed for advancements in medicine and have 

changed the pharmaceutical industry with their strong biological effects. This project explores 

Figure 1: Heterocycles in pharmaceuticals 



 

 

2 
 

the synthesis of a class of heterocycle, oxadiazoles, and analyzes their reactivity through product 

yield and bond length comparison.   

Diazinon 

Lipitor 

Prevacid 

Riboflavin 

Singulair 

Melatonin 

Biotin 

Serotonin 

Vitamin C 

Figure 2: Synthetic and natural occurring heterocycles 
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An oxadiazole consists of a five-membered ring containing two nitrogens, two carbons, 

and one oxygen3, as shown in Figure 3. This compound allows substituents to bond easily around 

the core scaffold1,4, making it pliable for structural additions like electron 

withdrawing groups and aromatics. The pliable aspects of the oxadiazole 

are what make it biologically active.1,4 This project employed 

cyclodehydration as the method used to synthesize 1,3,4-oxadiazoles. 

This method reacts a hydrazide with a R-substituted benzoic acid.5 Reagents dibromo triphenyl 

phosphorane and DIPEA were used. Dibromotriphenylphosphorane is highly reactive with water 

and needs to be added quickly to the flask to ensure high activity of the reactant. 

Diisopropylethylamine, or DIPEA, is used as a base. Figure 4 demonstrates the general reaction, 

with a, b, and c representing the hydrazide, benzoic acid derivative, and oxadiazole, respectively. 

The longer side chains of compounds a and b cyclize to form the oxadiazole. 

 

 

Electron withdrawing groups (EWG’s) are a class of molecule that pull 

electrons away from the reaction center called the resonance withdrawing effect; 

some examples of these compounds are halogens, nitro groups, and nitriles6 

depicted in Figure 5. The reaction center is the main carbon involved in the 

reaction. By pulling electrons away from the main center of the compound, the 

reaction center will become slightly more positive and is more susceptible 

Figure 3: Oxadiazole 

                a                      b                 c 

Figure 4: Synthesis of R-substituted oxadiazole 

Figure 5: EWG’s 
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to nucleophilic attack.6 An electrophile is a molecule with a slightly positive carbon that is 

vulnerable to attack by a nucleophile. A typical nucleophilic attack can be seen in Figure 6. In 

this reaction, the electrophile is the R-substituted benzoic 

acid and the nucleophile is the hydrazide. When an EWG 

is added to the electrophile, the withdrawing effect pulls 

electrons away from the attack center and the attackable 

carbon becomes slightly more positive. Figure 7 shows how EWG’s can destabilize the carbon. 

By becoming more positive, the carbon 

becomes more susceptible to nucleophilic 

attack by the more negatively charged 

nucleophile. This idea that we can induce 

a more reactive electrophile may be 

demonstrated through high product yield. If the product yield is high, then there were more 

nucleophilic attacks on the benzoic acid, thus forming more product, the oxadiazole. Another 

benefit of EWG’s is that they can resonance stabilize due to the number of available electrons 

and promote very stable intermediates. The abundance of pi bonding around the benzene ring 

coupled with the EWG allow the compound to shift electrons around the ring with stability and 

ease. An example of resonance stabilization can be seen in Figure 8, where bromine is the 

electron withdrawing group. The positive charge is changing around the benzene ring because 

the electrons are flowing around the compound. By adding these R-groups to the oxadiazole, I 

propose there will be increased reactivity of the compound demonstrated through high product 

yield. Other studies have shown that when adding electron withdrawing side groups to the 

structure of the oxadiazole, there is an increase in anti-microbial activity.7 This demonstrates the 

Figure 7: EDG and EWG interactions with carbon 

Figure 6: Nucleophilic attack 

Electron Donating Group 

stabilizes the carbon 

Electron Withdrawing Group 

destabilizes the carbon 

https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=0ahUKEwiR0fLKwbPSAhXj54MKHV1IC2YQjRwIBw&url=https://chem.libretexts.org/Textbook_Maps/Organic_Chemistry_Textbook_Maps/Map:_Organic_Chemistry_With_a_Biological_Emphasis_(Soderberg)/Chapter_08:_Nucleophilic_substitution_reactions_I/8.4:_Electrophiles_and_carbocation_stability&bvm=bv.148073327,d.amc&psig=AFQjCNEannQ5u49AQnqCt4sL0cpSkwYAxg&ust=1488395927176959&cad=rjt
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increased biological activity of the oxadiazole containing EWG’s. In contrast, there are other 

studies that added electron donating groups to the scaffold of the molecule and results showed 

decreased electronic activity.8 Donor groups stabilize the reaction carbon and make it less likely 

to be attacked by the nucleophile.6 

Structure Activity Relationship (SAR) is the idea that there is a positive correlation 

between the structural aspects of a molecule and its observed biological activity. Oxadiazoles are 

shown to have antibacterial and anticancer applications, and through SAR, biological activity can 

be amplified or diminished. Already proposed is that electron withdrawing groups stabilize 

through their resonance withdrawing effects, and produce higher product yields. Other studies 

have already demonstrated that structural addition of electron donating groups produce very poor 

yields.8,9,10 According to another thesis project in this lab, the addition of electron donating 

groups would lead to no reaction or yields as low as 3.5%.10 The lowest, credible yield from the 

electron withdrawing groups in this investigation is 55.5%. Understanding how product yield and 

reactivity are related, electron withdrawing groups are a better choice to amplify biological 

activity of the oxadiazole. 

Figure 8: Stabilization of compound through resonance 
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Bond length may be another indicator of reactivity. This project focuses on the bond 

distance between the electron withdrawing group and adjacent carbon of the R-substituted 

benzoic acid. It is important to remember that there are dipole forces present in the bond between 

the EWG and adjacent carbon. A dipole is a force between two atoms, when the electrons 

creating the bond between them are not being shared evenly.6 The bond length between two 

carbon atoms, atoms that equally share a pair of electrons in the bond and exhibit no dipole 

moment, is 1.54 angstroms.6 When one of those carbons is replaced by a EWG, the length of the 

bond may change as the electrons are now being shared differently and have a different dipole 

moment. 

The periodic trend atomic radius plays a role in bond length. Atomic radius increases 

across the periodic table and going down each column.6 As the size of the molecule increases, 

the shorter the bond becomes because of its want for electrons. Therefore, when we consider 

electron withdrawing groups, the further down a column an EWG is, the shorter the bond 

length.6  The trend between the shorter bond lengths and stronger EWG’s should reflect higher 

product yields, and this is the main question in this investigation. Product yields should be higher 

because the strong EWG is pulling electrons away from the reaction center and making the 

reaction carbon more partially positive and susceptible for nucleophilic attack. The more 

nucleophilic attacks that occur correspond with more product being formed, and thus a higher 

yield. 

One effective method to measure the bond length between electron withdrawing groups 

and their adjacent carbon is to use the computer program Mercury. This is a crystal structure 

visualization tool used to measure different structural components of compounds from The 

Cambridge Crystallographic Data Centre. The following are just a few applications of this 
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program: 3D structure visualization, statistical analysis, and bond length measurement.11 Each 

benzoic acid derivative is within the database, and bond length of the crystal structure can be 

easily calculated. From that, conclusions can be drawn between bond length, electron 

withdrawing group, and product yield. The conditions that represent a biologically active species 

would result in short bond length coupled with strong EWG and high product yield. 

There are two stages to this research: Synthesis of oxadiazoles and analysis of product 

yield with bond length. This project investigates how the strength of the electron withdrawing 

group compares to product yield and bond length. 

Results and Discussion 

 This project focused on the synthesis and characterization of 1,3,4-oxadiazoles. Electron 

withdrawing group addition is the main focus for the synthesis portion of this investigation, 

mainly how the addition affects biological activity as reflected through product yield. I propose 

this biological activity may also be analyzed through bond length. For the highest biological 

activity, product yield of the 1,3,4-oxadiazole will be high while bond length between EWG and 

adjacent carbon is shorter. 

1,3,4-oxadiazole product yield 

 Final product yield results are depicted in Table 1 below. There is a sum of five 

oxadiazole derivatives, with different electron withdrawing group orientation. Yields vary from 

45% up to 89.1%. It is important to note that the lowest yield, 30%, was an experimenter error. 

While setting up the product to dry on manifold overnight, most of the product sucked into the 

instrument and was lost. Therefore, 30% is not a true yield and will not be considered when 

looking at overall, average yields. Another note to examine, is the duplicate results of ortho-
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chloro yields. The first reaction yielded the highest yield of the project, 89.1%. However, the 

duplicate yielded half that value at 45%. There is nothing that went wrong procedurally, but this 

gap in yields suggest there is something wrong. Due to the fact that no other experimental yields 

were lower than 55.5%, the 45% yield appears to be the error yield. Although, that is not to say 

the 89.1% yield may not be higher due to impurities. This situation could be a combination of 

both. 

 The general trend with yield shows the para-positioned electron withdrawing groups 

producing higher yields. These results start to show a positive correlation with my original 

hypothesis. Because the group is farther away from the reaction center in the para position, the 

electron withdrawing group will be pulling the density of electrons farther away from the 

reaction center. By pulling those electrons towards the other end of the molecule, the reaction 

carbon becomes even more partially positive and more susceptible to nucleophilic attack by the 

nucleophile. When more nucleophilic attacks occur, there is more product being produced, thus a 

higher yield. Relating this to oxadiazole reactivity, the more reactive the compound during 

synthesis, the more biologically active it will be. 
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Table 1: List of oxadiazole yields 

 

*1 experimental error  

*2much of product sucked into manifold, value thrown out of average  

 

 

Product yield versus bond length 

 When comparing yield and bond length, ortho and para products will be analyzed 

separately due to other structural features that interfere with the different structural placements. 

The para position is two carbon atoms further away from the rest of the molecule, and is showing 

the beginnings of a trend in terms of the length of that bond.  

                     oxadiazole yield 1 yield 2 average yield 

  

71.1% 

 

 

 

71.1% 

  

    69.4% 

 

69.9% 

 

69.7% 

  

89.1% 

 

45% *1 

 

67.1% 

  

64.6% 

 

70.3% 

 

67.5% 

  

55.5% 

 

30% *2 

 

55.5% 



 

 

10 
 

Table 2: Para products: yield vs bond length 

My proposal is that a shorter bond length between the electron withdrawing group and its 

corresponding carbon will be shorter as the product yield of that oxadiazole is high. Depicted in 

Table 2 is the beginnings of a trend following this hypothesis. The para-nitro oxadiazole shows 

both a high yield and one of the shortest bond lengths of the electron withdrawing groups. For 

para-bromo derivative, as the bond length increases up to 1.899 angstroms, the average yield fell 

to 55.5%. This trend shows how electron withdrawing groups play a role in the synthesis of these 

oxadiazoles. By having a shorter bond length, the electron withdrawing nitro group has a greater 

pull on the electrons in the molecule. This effect allows the carbon of interest to become slightly 

more positive for nucleophilic attack, the results being a higher product yield. 

 

oxadiazole product yield bond length 

  

71.1% 

 

1.479 

 

  

69.7% 

 

1.744 

  

55.5 % 

 

1.899 
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Table 3: Ortho products: yield vs bond length 

 As shown in Table 3, there is not much difference in the ortho product yields. Although, 

there is a considerable difference between the bond lengths of the chlorine and bromine. Both 

oxadiazoles have a 67% product yield. One possible explanation for this may be due to steric 

effects. Chlorine’s and bromine’s atoms require more space, and in the restricted ortho position 

this could affect how there is no correlation between bond length and product yield. The pull of 

electrons by the electron withdrawing group does not have the same effect in the ortho position 

as it does further away in the para position. In a smaller space provided by the ortho position, 

there is more concentration of electrons per space, as opposed to the para position at the end of 

the molecule. When in para position, the EWG has a much longer distance to pull the electrons 

over, and more space to fit which eliminates steric effects. 

 

oxadiazole yield bond length 

  

67.1% 

 

1.743 

  

67.5% 

 

1.901 

 

 

Solubility of Oxadiazoles 

When conducting solubility tests at room temperature, I noticed that there were very little 

the compounds were soluble in, if anything at all. They were not soluble in water, ethanol, ethyl 
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acetate, dichloromethane, or acetone. Some of the vials became puffed up solutions, like the 

compounds were beginning to break up, but no homogeneous solutions could be made. Nuclear 

magnetic resonance (NMR) is an integral part of characterizing one’s compounds, but due to the 

solubility issues with the oxadiazoles, they would not go into solution for analysis. Mass 

spectrometry is another characterization technique that was not used due to solubility issues. 

When a sonicator was used, no change in solubility was observed. 

Past research has also shown high insolubility of oxadiazoles. Because of this limitation, 

BOC protecting groups were added to the amino group to increase the oxadiazole’s solubility 

and gather additional data12, including NMR and X-ray. In future work, it will be very beneficial 

to add protecting groups to the oxadiazoles and gather additional, structural information on them.  

Conclusions 

 This project investigated the relationship between bond length and product yield for 

synthesized oxadiazoles. It was already known that electron withdrawing groups increase 

product yield, and this project confirmed those results. The para oxadiazole derivatives showed a 

trend between bond length and product yield. The oxadiazole with the highest product yield, 

71.1%, also had the shortest bond length between the EWG and its adjacent carbon, 1.479 

angstroms. There is no correlation between product yield and bond length for the ortho products. 

This may be due to steric hindrances or other unknown factors. 

Materials and Methods 

 All reagents, with exception to synthesized hydrazide, were purchased from Sigma 

Aldrich. All solvents used for reactions and recrystallization were purchased. All products were 

characterized using Nicolet 380 FT-IR with ATR attachment.  
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General Procedure of Hydrazide Synthesis 

 The reaction was conducted in a 70oC oil bath and topped with a rubber stopper with air 

vent needle at joint of 250 mL round bottom flask (RBF). 2.0 g of methyl-3-amino-2-pyrazine 

carboxylate, 87 mL of ethanol, 3.8 mL hydrazine monohydrate, and stir bar was added to RBF. 

The reaction was heated and stirred for 1.5 hours. RBF was promptly removed from oil bath and 

allowed to cool to room temperature for 20 minutes. After RBF was cooled, product was filtered 

using vacuum filtration with sintered glass funnel and washed with water and ethanol, 

sequentially. Theoretical yield of product is 2.0 g. There was a 74% (1.48 g) product yield. The 

general reaction to produce hydrazide reagent is shown below in Figure 9.13 

 

General Procedure of Oxadiazole Synthesis 

 Reaction was conducted at room temperature under nitrogen conditions. In a 25 mL RBF, 

0.132 g of hydrazide and 0.178 g of benzoic acid derivative were added together with a micro 

stir bar. The flask was flushed with nitrogen and a rubber stopper placed in neck joint. Using a 

syringe, 4 mL of acetonitrile were added through the rubber stopper and stirring began. 

Immediately added 1.75 g of dibromo triphenyl phosphorane into the reaction flask, and replaced 

stopper to ensure integrity of nitrogen conditions. The mixture was stirred for 1 hour. Then 0.9 

mL of DIPEA was added through the stopper with a syringe and left to stir overnight for 16 

hours.13 

Figure 9: Synthesis of hydrazide 
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Figure 11: Para-bromo oxadiazole 

 After stirring for 16 hours, RBF was removed from stir plate and filtered through a 

sintered glass funnel via vacuum filtration. Next, the product was washed sequentially with 20 

mL of acetonitrile and 10 mL of hexanes. Product was transferred to clean filter paper and 

allowed to air dry for 20 minutes. Then, product was transferred again to a clean 25 mL RBF and 

pumped with phosphorus pentoxide on high vacuum overnight. The reaction below depicts the 

synthesis for each oxadiazole.13 There is one electron withdrawing group, R, per reaction, and 

whether it is ortho or para is controlled based on the starting material. 

4-bromobenzoic acid derivative 

 

 

 

The procedure was carried out in manner described above.13 Both products appeared light 

yellow in color and gave 55.5% (0.152 g) and 30% (0.0626 g) yields for two reactions, 

respectively. It is important to note that the second reaction was mostly sucked into the glassware 

of manifold during overnight dry time. Therefore, the 30% yield is not accurate. The observed 

melting point is 193o, which is when the compound began to decompose. The IR shows 

aromatics around 1700 cm-1 and an amino peak at 3359.9 cm-1. The broad peak at 2500 cm-1 is 

an ammonium peak, which may come from a hydrated amino group.  

Figure 10: Synthesis of oxadiazole 
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Figure 12: Ortho-bromo oxadiazole 

Figure 13: Para-chloro oxadiazole 

2-bromobenzoic acid 

 

 

 

This procedure was carried out in manner described above.13 Both products appeared pale 

yellow in color and gave 64.6% (0.1769) and 70.26% (0.1467 g) yields for two reactions, 

respectively. 

4-chlorobenzoic acid 

 

 

 

 The procedure was carried out in manner described above. Both products appeared light 

beige in color and gave 69.41% (0.1638 g) and 69.9% (0.165 g) yields for two reactions, 

respectively. 

2-chlorobenzoic acid 

 

 

 
Figure 14: Ortho-chloro oxadiazole 
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The procedure was carried out in manner discussed above. The products appeared a deep 

golden tan color and gave 89.1% (0.2129 g) and 45% (0.1062 g) yields for two reactions, 

respectively. Observed melting point is 165o, which was when compound began decomposing. 

4-nitrobenzoic acid 

 

 

 

 

This procedure was carried out in manner described above. The product appeared 

mustard yellow in color and gave a 71.1% (0.1742 g) yield. IR show an amino peak at 3419.19    

cm-1. 

Computational Studies 

 All benzoic acid derivatives were analyzed with the program Mercury. This extensive 

tool allows structural characterization of the compounds of interest. I made a rough sketch of the 

benzoic acid derivative that contains the electron withdrawing group, and then searched the 

crystal database for likeness. Once a structure was identified, I was able to measure bond length 

between the EWG and adjacent carbon. This was conducted for all five benzoic acid derivatives. 

 

 

 

Figure 15: Para-nitro oxadiazole 
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