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1. Introduction 

1.1.  Fungi 

Fungi are one of the seven biological kingdoms. With fossils from around one 

billion years and an estimated between 11.7 and 13.2 million species, fungi constitute one 

of the oldest and diverse groups of eukaryotic microorganisms on earth (1,2). 

Fungi are eukaryotic, heterotrophic (they do not produce photosynthesis), 

osmotrophic (they absorb their food, they digest it externally), and reproduce by means of 

spores (3). Depending on the organism, it can be unicellular or multicellular, and its 

morphology can vary based on the mode of cellular division. They can grow either as 

yeast or as filamentous fungi (4). 

1.1.1. Filamentous fungi 

Filamentous fungi, commonly called mold, are one of the two big groups that 

divide true fungi.  They grow by the extension of hypha. The hypha is a vegetative organ 

in fungi in charge of many things, mainly to explore the surroundings and to assimilate 

the nutrients in the environment (3,4). They can grow with or without a wall division 

(called septum), branching itself repeatedly as the spread, forming complex arrangements 

known as mycelium (4,5). 

1.1.2. Pathogenic Fungi 

The human body is not an exception for the ubiquity of fungi. They are part of the 

microflora inside the body and can exist in equilibrium with its host without causing major 

problems. In a healthy person, fungi are usually not a match for the human immune 

system, but under certain conditions they can become infectious (6,7). 

 Superficial infections are the most common type of fungal infections. Skin, nails 

and hair are the first contact the body has with environmental fungi, and even with the 

many barriers they must protect its host (including a specialized immune system), some 

fungi have evolved ways to avoid them and colonize the skin (6,8,9). Subcutaneous 

infections can also happen, most cases through penetrating trauma, but tend to stay 

localized to the site of inoculation (10). In healthy individuals, the risk doesn’t go beyond 
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these types of fungal infections, but when the immune system is compromised, fungi can 

colonize deep tissue and become invasive (11). 

1.2.  Invasive Fungal Infections 

Invasive Fungal Infections (IFI) occur when the fungus is isolated from blood and 

other sterile sites, and it’s deep seeded in a specific organ. Not all pathogenic fungi can 

become invasive, but those who do must be able to endure and grow at the human body 

temperature, reach and penetrate tissue. Invasive fungi are usually opportunistic and cause 

infections when the host defenses are down. The list of life-threatening opportunistic fungi 

increases each year and is now larger than ever (12). 

IFI are serious infections, with high mortality rates and long treatment times. 

Medicine in low- and middle-income countries is usually hard to come by (13). They are 

one of the leading causes of infections in the intensive care unit and contribute up to 50% 

of mortality among people living with HIV (14,15). In the last decade, they have risen due 

to the increased number of patients undergoing immunosuppression therapies (12,16).  

Reliable and quick diagnosis are changeling, especially in developing or lower 

income countries, as they involve high costs, special infrastructure and tests are not easily 

available (15). A study conducted in México in 2025 showed that most HIV-dedicated 

health care centers in the country did not have the capacity to diagnose IFI, and rapid tests 

were frequently unavailable (15).  

Due to the rising problem, in 2022, the World Health Organization (WHO) issue 

the first fungal priority pathogen list as a tool to encourage research focus towards IFI and 

facilitate international coordination to prevent and combat IFI. Nineteen different fungi 

were ranked and grouped into three categories (critical, high and medium priority group) 

depending on different criteria like number of deaths, annual incidences and antifungal 

resistance, this last one having the highest importance weight at the moment of ranking. 

From the list, Lomentospora prolificans and Scedosporium spp have the highest antifungal 

resistance, making them a priority by the WHO even though they have the lowest 

incidence between the fungi in the list. Besides their high resistance, they present other 

problems like almost no studies or data, low preventability, moderate access to diagnosis 
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and low availability and affordability of treatments. All these characteristics renders them 

a growing global health threat  (13). 

1.2.1. Lomentospora prolificans 

The genus Lomentospora was proposed in 1974, when Lomentospora prolificans 

was isolated from greenhouse soil in Belgium. Since then, the name suffered changes 

through the years (17). In 1984 it was synonymized to Scedosporium inflatum, in 1991 

the species returned to its original name, Scedosporium prolificans and finally, in 2014 

after enough evidence of distinguishable morphology was found, Lomentospora was 

established as a new genus with Lomentospora prolificans as the only species (18–20). 

L. prolificans exhibits a global distribution, with a significant preference for dry 

climate countries such as Southern USA, European regions such as Spain and Australia. 

This last one presented around 8 times more cases per million population than the average 

number of all countries (21). The fungus can be isolated principally from the soil, but has 

appeared in other sources such as cattle dang, sewage, polluted waters, plants and 

decaying organic matter (22,23).  

 

Figure 1. Lomentospora prolificans-induced Invasive Fungal Sinusitis (24), CC BY SA 4.0. 

Reports of invasive L. prolificans infections started around 1984 in both 

immunocompetent and immunocompromised patients (25). Patients with conditions such 

as malignancy, cystic fibrosis and solid organ transplantation (especially hematopoietic 

stem cell transplant) are the biggest risk group. Invasive lomentosporiosis show a 

mortality rate close to 47%. Early diagnosis is difficult, and treatment is often delayed 



4 

 

 

because of this (26). After the initial infection, dissemination is frequent (around 80% of 

all cases), in this case, the mortality rate can go up to 87%, as mentioned by Konsoula et 

al (21,22,27). 

Since its discovering, L. prolificans showed an intrinsic resistance against most 

antifungal drugs, making the treatment a big challenge. Voriconazole has presented the 

best in vitro activity against it, and it’s suggested as the first-line monotherapy with 

successful outcomes between 25% and 66%. Combination therapy has proved to increase 

28-day survival, the increase rate depending on the combination. The most popular 

combinations being amphotericin B with pentamidine, amphotericin B with voriconazole, 

and voriconazole with terbinafine (21,22).  

Due to the high mortality rates, lack of studies and extremely high resistance to 

commercial antifungal drugs, and rarity of infections, the World Health Organization has 

ranked this pathogen as a medium priority in the fungal priority pathogens list, in order to 

promote research on it  (13). 

1.2.2. Scedosporium  

Scedosporium spp is a fungal genus all around the globe, although different species 

can be found in different regions (21). The name of the genus was proposed in 1911 by 

Saccardo, P.A., who, while isolating a case of eumycetoma, described the fungus found as 

Monosporium apiospermum but with morphological similarities with Monosporium 

acremonioides. The name was then validated in 1919 as Scedosporium apiospermum 

instead of Monosporium (28).  

 

Figure 2. Scedosporium apiospermum conidiophores and conidia (29), CC BY SA 4.0. 
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Scedosporium species are soil saprophytes (decomposing microorganisms), 

mostly found in temperate climates and not so much in the tropical countries (30). At the 

same time, correlation has been found with diesel fuel concentration and Scedosporium 

spp. abundance, so they are more likely to be found in cities with high population density 

(31). 

In the matters of medicine, S. boydii, S. apiospermum, S. aurantiacum and S. 

minutisporium are the most reported species of Scedosporium, infecting people all around 

the world. The last one is the second most colonizing filamentous fungi in patients with 

cystic fibrosis (21,28,30).  The countries with most reported cases have been United 

States, Australia, Germany, India, Spain and Japan (21). In Mexico, S. apiospermum and 

S. boydii have been identified in the soil of a wide range of places (32). 

 As is the rule with opportunistic pathogens, the biggest group at risk for invasive 

Scedosporium infections are immunocompromised patients. Solid organ transplant and 

hematological disease treatments are usually the biggest risk factors. The most common 

mode of infection is by traumatic inoculation (surgery or intravenous drug injection for 

example) or by aspiration of contaminated water. Victims of tsunamis, earthquakes or near 

drowning situations have been detected as a high-risk group for invasive scedosporiosis 

(21,32). Infections in patients with hematological malignancy and advanced HIV infection 

can also happen (31). 

Mortality rates for infections can go as high as 42-46%, with some studies (WHO 

and Cortez et al) claiming a mortality rate of over 75% (13,33–35). After initial 

colonization, dissemination is common. Central nervous system infections can appear in 

case of high dissemination and are most common in near drawing victims (31). Other 

complications related to scedosporiosis are allergic bronchopulmonary mycoses, skin 

manifestations (necrotic papules and hemorrhagic bullae), muscle, joint, bone infections, 

and endocarditis and other intravascular infections (31). 

Besides voriconazole, the most common antifungal drugs for IFI are not effective 

against Scedosporium spp., and show a high minimum inhibitory concentration for the 

species. For this reason, monotherapy with voriconazole is presented as the first-line 
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antimycotic drug against scedosporiosis (21,28). Combination therapy can be done with 

amphotericin B or echinocandins, as increase efficacy has been proved, but due to toxicity 

caused by the drugs or by pre-existing organ damage, is not recommended unless 

necessary (21,32).  

Due to the high mortality rates, lacking on preventive measures, lack of studies 

and extremely high resistance to commercial antifungal drugs, and rarity of infections, the 

World Health Organization has ranked this pathogen as a medium priority in the fungal 

priority pathogens list, to promote research on it (13). 

Table 1 shows a comparison between Scedosporium spp. and Lomentospora 

prolificans. 

Table 1. Comparison between Lomentospora prolificans and Scedosporium spp. 

 Lomentospora prolificans Scedosporium spp. 

Location 
Dry climate countries 

across the globe 
Ubiquitous 

Mortality rate (%) 47-87 42-46 

First line medication Voriconazole Voriconazole 

Resistance to 

No current licensed 

antifungal has in vitro 

activity 

Amphotericin B, 

itraconazole, 

isavuconazole and 

echinocandins 

Rank in the WHO in the 

FPP. 
Medium Priority Medium priority 

 

1.3. Azole Antifungals 

1.3.1. Current Antifungals 

In modern times there are five types of antifungals in the market; Polyenes, 

pyrimidine analogs, allylamines, echinocandins and azole derivatives (Figure 3) (36). 

Each type is used in specific cases, nevertheless, azole derivatives are preferred to the 

other types, as they are still active against most fungi infections while remaining safe to 

the patients.  
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Figure 3. Commercial examples of a) allylamine, b) azole, c) echinocandin, d) pyrimidine, and e) polyene 

antifungals. 

Despite the wide range of antifungals, their unregulated use in medicine, 

agriculture (crops protection), wood industry (timber preservation) and livestock is 

leading to global increase of antifungal resistance (36) Intrinsic resistance and acquired 

multidrug resistance are reducing treatment options, stressing the need for new and better 

antifungals. 

1.3.2. Azole derivatives 

The azole derivatives englobe both the triazole and the tetrazole derivatives.  They 

are the most widespread end employes type of antifungals among all the types, due to their 

activity and low toxicity compared to other groups. Voriconazole is usually the drug of 

choice even before amphotericin B. Azole derivatives are associated with high rate of 

resistance due to their fungistatic activity, but even then, their safety margin makes them 

more popular than other types of antifungals. Examples of azole derivative drugs in the 

market are fluconazole and voriconazole (Figure 4) (37). 
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Figure 4. Fluconazole and voriconazole structures. 

1.3.3. Action mechanisms 

Azole antifungals work by the inhibition of the enzyme lanosterol 14α-

demethylase (CYP51) (Figure 5). The enzyme is involved in the third reaction of the 

ergosterol biosynthesis in fungi. Ergosterol is an important sterol in fungi in charge of 

regulating the membrane, its fluidity and cellular responses (38). 

 

Figure 5. Structure of lanosterol 14 α-demethylase (CYP51) (39) CC BY SA 4.0. 

1.3.4. Structure 

An azole is a five-member heterocycle containing one or more nitrogen atoms in 

its structure, different azoles have been used in drugs though history. The first generation 

of azole antifungals had an imidazole ring in its structure. Due to high hepatoxicity, the 

second generation changed the imidazole ring for a triazole, which greatly lowered the 

side-effects, and was not changed until the fourth generation. This last generation changed 
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the triazole ring for a tetrazole in the hopes that the change could resolve the drug-drug 

interactions problem caused by human CYP3A4 enzyme inhibition (40,41). 

A pattern can be seen, were the higher the number of nitrogen atoms in the ring 

(Figure 6), (and by consequence, the lower the basicity of the ring) the higher the 

selectivity against the human CYP450 enzymes is (lower toxicity). Other azole derivatives 

such as the oxadiazole ring have lower basicity than the tetrazole ring.  Structure Activity 

Relationship (SAR) studies have proven this, along with use of amines and heteroaromatic 

groups in the side chain can enhance activity by making hydrophobic and hydrogen-

bonding interactions with the enzyme (40). 

 

Figure 6. Structure of the imidazole, triazole and tetrazole ring. 

1.3.5. Toxicity 

The toxicity of azole derivatives lies mostly in the liver and doesn’t generally show 

other side-effects. They don’t present any incidence of cardiac disorder. They are 

associated with a lower incidence in general disorders (including pyrexia, weight loss, 

chills, etc.), renal, urinary, respiratory, thoracic, mediastinal and skin disorders than 

amphotericin B (42). 

1.3.6. Resistance 

Resistance to azole derivatives was reported in late 80´s, when systemic active 

azoles were introduced to the market (43). One of the most reported causes of azole 

resistance is the use of broad-spectrum azole fungicides in agriculture. USA use of azole 

fungicide raised more than 400% from 2006 to 2016 (3, 000 metric tons per year) and is 

reported than China uses approx. 10 times that amount (30, 000 metric tons per year) 

(44,45). 

Antifungal resistance is presented by change in the effect of the drug-target interaction. 

The primary mechanism of resistance presented against azoles is the increase of effluxed 
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drug in the fungal cell, which can be a result of increased expression of efflux pumps, or 

duplication chromosomes associated with efflux genes (43,44,46). 

Another mechanism of resistance is the mutation in the drug target, such as the mutation 

of the lanosterol 14α-demethylase to prevent azole binding, mutation in the promoter 

region to increase the formation of the enzyme, increasing the intracellular concentration 

(45–47). 
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2. Background 

As awareness of the problem that IFIs presents grows, new studies are made to 

overcome the knowledge gap. These studies offer new perspectives on the use of 

oxadiazoles as antifungal agents for their future use in medicine; and were used as 

foundation for the present project. 

2.1. Antifungal Properties 

In 2011, Sadek B. et al. (48) synthesized a series of oxazole, oxadiazole, tetrazole, 

and thiazole derivatives, all containing 4-hydroxyphenyl as a substituent. The in vitro 

antimicrobial activity of the compounds was evaluated against different microorganisms 

including Aspergillus niger (A. niger). Compounds A1-6 showed good antifungal activity 

against A. niger (25 g/mL) and the best antimicrobial activity among the six derivatives, 

with a MIC six to eight times lower than the oxazole, tetrazole, and thiazole derivatives 

(150-200 g/mL), see Figure 7. 

 

Figure 7. Oxazole, oxadiazole, tetrazole, and thiazole derivatives A1-6 with antifungal activities against 

Aspergillus niger.  

In 2013, Ningaiah S. et al. (49) developed a series of twenty-one pyrazolyl-1,2,4-

oxadiazole and pyrazoline amidoxime derivatives, and their in vitro antioxidant, 

antimicrobial, and anti-inflammatory activities were determined. Antifungal activity, 

based on the measurement of the inhibition zone, against A. niger and A. flavus was 

determined using fluconazole as the reference drug. Oxadiazoles B1-3 showed the best 

antifungal activity against A. flavus (at 50 g/mL) with inhibition zones of 15 ± 0.12 mm, 

14 ± 0.15 mm, and 16 ± 0.13 mm respectively, similar values to fluconazole (16 ± 0.18 

mm), see Figure 8. In general, the activity of the compounds with the substituent on the 

para position in the ring was close to 40% more active against the mentioned fungi. 

Oxadiazoles B1, B4, and B5 showed the best antifungal activity against A. niger with a 

MIC of 5 g/mL, the same that fluconazole.  
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Figure 8. Oxadiazole derivatives B1-5 with antifungal activities against Aspergillus niger and Aspergillus 

flavus. 

In 2019, Rodrigues-Vendramini et al. (50) evaluated the in vivo cytotoxicity and 

antifungal activity of compounds C1 and C2 against nine isolates of Paracoccidioides 

spp), shown in Figure 9. The MIC ranged from 1 to 32 μg/mL for compound C1 and 8 

μg/mL for compound C2 for all the isolates. In vivo toxicity assays showed no differences 

in the body weight of the mice, the hematological profile, and the macroscopic analysis 

of the organs after two weeks. Histopathological analysis showed no significant difference 

between the two compounds and itraconazole (reference drug) in the reduction of fungal 

cells present in the histological lung section. 

 

Figure 9. Oxadiazole derivatives C1-2 with antifungal activities against Paracoccidioides spp. 

In 2019, Greiner-Capoci et al. (51), seeing Rodrigues-Vendramini results, 

determined the in vitro cytotoxicity and antifungal activity of compounds C1 and C2 

against Candida albicans. The first analysis was done at different concentrations (0.5–256 

µg/mL) in two cell lines (Vero and HUVEC) of the two oxadiazoles and showed no 

significant cytotoxicity for compound C1 and an IC50 at 256 and 128 µg/mL for the 
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HUVEC cell line for compound C2. The antifungal analysis showed a MIC of 32 µg/mL 

for both compounds, about a quarter of their IC50, making them safe for use at their MIC. 

In 2020, Das R. et al. (52) synthesized a series of eight chloro-aryl-oxadiazole 

derivatives and analyzed their antifungal activity against C. albicans and A. niger, shown 

in Figure 10. Derivatives D1-3 showed the best antifungal activity with a zone of 

inhibition of 22 - 23 mm for C. albicans and 23 - 25 mm for A. niger. Miconazole was 

used as reference drug and exhibited a zone of inhibition of 26.3  0.47 mm and 28  0.86 

mm, respectively.  Compound D1 also showed an MIC of 12.5 µg/mL, lower than 

miconazole (25 µg/mL), while D2 and D3 showed the same MIC as the reference. 

 

Figure 10. Chloro-aryl-oxadiazole derivatives D1-3 with antifungal activities Candida albicans and 

Aspergillus niger.  

In 2022, Hamdy R. et al. (53) synthesized a series of fifteen oxadiazole derivatives 

and analyzed their antifungal activity against C. albicans and C. auris, shown in Figure 

11. Compounds E1, E2, E3, and E4 showed great antifungal activity as they significantly 

inhibited the growth of C. albicans by 57%, 83%, 99%, and 80%; and C. auris by 86%, 

85%, 99%, and 40%, respectively, at the screening dose of 100 μg/mL. The MIC50 ranged 

from 0.5 to 10 µM compared to fluconazole (25  0.12 µM) for C. albicans, and from 0.8 

to 30 µM compared to fluconazole (600  0.45 µM) for C. auris.  

 

Figure 11. Oxadiazole derivatives E1-4 with antifungal activity against Candida albicans and Candida 

auris. 
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2.2. Synthesis 

1,3,4-oxadiazoles have been synthesized in a variety of ways across the years. 

Cyclocondensations using a carbonyl group and hydrazides, oxidative cyclization of 

hydrazones, dehydrative cyclization of diacyl hydrazides and Huisgen’s rearrangement 

with tetrazoles and activated carboxylic acids are a few examples (Figure 12). 

 

Figure 12. Possible methods for the preparation of 1,3,4-oxadiazoles (54). 

Dehydrative cyclization of diacyl hydrazides has been the most popular way to 

prepare 1,3,4-oxadiazoles is, however, these reactions need strong conditions and reagents 

like SOCl2, SOF2, POCl3 or P2O5. While chemical yields are often good, the use of toxic 

or environmental hazard reagents is the principal reason why other ways to synthesize 

oxadiazoles are on the rise (55,56). The use of tetrazoles as an has been proposed as an 

alternative to synthetize 1,3,4-oxadiazoles showing good chemical yields and the option 

to use greener coupling agents and solvents like DCC and EtOH or ACN (57,58). 

2.3. Critical Analysis 

As shown in the studies mentioned beforehand, oxadiazole derivatives show a high 

potential for their use in novel antifungal agents. However, studies on these derivatives 

have been made almost only in Candida and Aspergillus species. While these fungi are 

guilty of most fungal infections, the lack of fungal diversity in the studies creates a big 

knowledge gap when medical treatment is planned for rarer mold infections. To overcome 

this problem, the present project decided to evaluate the antifungal effect against 
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uncommon but medically important molds, due to their previously mentioned resistance 

(Lomentospora prolificans and Scedosporium apiospermum). 

2.4. Hypothesis 

At least one of the vinyl-oxadiazole derivatives will exhibit greater antifungal 

activity than the reference drug, voriconazole, against drug-resistant strains of 

Scedosporium apiospermum and Lomentospora prolificans. 

2.5. Objectives 

2.5.1. General Objectives 

To synthesize vinyl-oxadiazole derivatives 6a-h and to evaluate their cytotoxicity 

and in vitro antifungal activity against drug-resistant Scedosporium apiospermum and 

Lomentospora prolificans. 

2.5.2. Specific Objectives 

1. To synthesize the phenyl tetrazole 2. 

2. To synthesize the cinnamic acid derivatives 5a-h. 

3. To synthesize the vinyl-oxadiazole derivatives 6a-h. 

4. To structurally characterize compounds 2, 5a-h, 6a-h by means of infrared 

spectroscopy (FT-IR), nuclear magnetic resonance of hydrogen and 

carbon-13 (1H and 13C NMR) and high-resolution mass spectrometry 

(HRMS). 

5. To evaluate the cytotoxicity in vitro of the compounds against the HepG2 

cell line (liver cells) using the CellTiter-Blue (resazurin) colorimetric 

technique. 

6. To evaluate the antifungal susceptibility in vitro of the compounds 6a-h 

against drug-resistant fungi (Scedosporium apiospermum and 

Lomentospora prolificans).
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3. Materials and Methods 

3.1. Instruments  

The organic synthesis was carried out in Laboratorio de Química Industrial (Centro 

de Laboratorios Especializados, FCQ-UANL) and in the Department of Chemistry and 

Biochemistry (Brigham Young University, Provo). The equipment employed included the 

microwave reactor Anton Paar Monowave 300. Melting points were registered using an 

Electrothermal Mel-Temp apparatus and are uncorrected. Thin-layer chromatography 

(TLC) was performed with coated commercial silica gel plates (silica gel 60 F254, E. 

Merck). Compounds were revealed using UV lamps (254 and 365 nm, Spectroline). The 

biologic studies were conducted in the Department of Chemistry and Biochemistry 

(Brigham Young University, Provo) and Laboratorio de Micología y Fitopatología (FCB-

UANL). 

The structural characterization of the compounds was carried out in the following 

Laboratories: Nuclear Magnetic Resonance and Hight resolution Mass Spectrometry 

(HRMS) (Ezra Taft Benson building at Brigham Young University, Utah, USA) and 

Infrared Spectroscopy (Laboratorio de Análisis instrumental FCQ-UANL). 

Proton nuclear magnetic resonance (1H-NMR) and Carbon-13 nuclear magnetic 

resonance (13C-NMR) data was acquired on a Bruker 500 MHz spectrometer. Chemical 

shifts () are reported in ppm (parts per million). Signals are reported as follows: s 

(singlet), bs (broad singlet), d (doublet), t (triplet), q (quartet), m (multiplet). Coupling 

constants were expressed as (J) and reported in Hertz (Hz). Infrared spectra were acquired 

with an ATR-FT-IR Perkin Elmer Spectrum-One. HRMS data was acquired with an 

Agilent, 6210 TOF. Cell count was performed with a Countess 3 Automated Cell Counter. 

Fluorometric assay data was adquired on a BioTek Synergy Neo2 Hybrid Multimode 

Reader. 

All reagents were acquired from Sigma-Aldrich and Combi Blocks and were used 

without prior treatment or purification. 
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3.2. Synthetic methodology 

The synthesis of the vinyl-oxadiazoles 6a-h followed a three-step process shown 

in Scheme 1. 

 

Scheme 1.   Synthetic route to obtain vinyl-oxadiazole derivatives 6a-h. 

3.2.1. Synthesis of 5-phenyl-1H-tetrazole 2 

In a G-30 microwave vessel, provided with a magnetic stirrer, 1 eq of benzonitrile 

and 1.2 eq of KN3 (potassium azide) were added, along with 5 mL of N-methyl-2-

pyrrolidone (NMP), 3 mL of distilled water, and 2 mL of acetic acid. The mixture was 

heated for 70 minutes at 160 ºC under microwave (MW) irradiation. The reaction progress 

was monitored by TLC using Hexane (Hex):Ethyl Acetate (EtOAc) 7:3 v/v. When the 

reaction was completed, it was basified in a beaker using a saturated NaHCO3 (sodium 

bicarbonate) solution until it reached pH 10. The resulting mixture was extracted three 

times with 20 mL of ethyl acetate (3 x 20 mL). The aqueous phase was acidified with HCl 

(hydrochloric acid) until precipitation. The solid obtained was filtered and rinsed with cold 

water and dried.  



18 

 

 

3.2.2. Synthesis of Cinnamic acid derivatives 5c-h 

In a round-bottom flask, provided with a magnetic stirrer, 1 eq of malonic acid 3, 

1.5 eq of triethylamine, and 30 mL of toluene as reaction medium were added. The mixture 

was heated at 100 °C for 30 minutes. Next, 0.2 eq of piperidine and 0.8 eq of the 

corresponding aldehyde 4c-h were added, and the mixture was placed under reflux for 6 

hours. The progress of the reaction will be monitored by TLC using Hex:EtOAc (7:3 v/v). 

After the completion of the reaction, 30 mL of NaOH (sodium hydroxide) aqueous 

solution (pH 12) was added to the flask and placed in stirring for 30 minutes. The resulting 

mixture was extracted three times with 10 mL of distilled water (3 x 10 mL). The aqueous 

phase was acidified with HCl 12 M until precipitation. The solid obtained was filtered and 

washed with cold water and dried. Cinnamic acids 5a and 5b were not synthetized and 

brought instead. 

3.2.2.1. Synthesis of (E)-3-(4-(dimethylamino)phenyl)acrylic acid 5c  

Following the general procedure, in a round-bottom flask, provided with a 

magnetic stirrer, 1.0051 g of malonic acid 3, 2 mL of triethylamine, and 30 mL of toluene 

as reaction medium were added. After 30 minutes 190 μL of piperidine and 1.146 g of 4-

(dimethylamino)benzaldehyde 4c were added. 

3.2.2.2. Synthesis of (E)-3-(4-(diethylamino)phenyl)acrylic acid 5d  

Following the general procedure, in a round-bottom flask, provided with a 

magnetic stirrer, 1.0029 g of malonic acid 3, 2 mL of triethylamine, and 30 mL of toluene 

as reaction medium were added. After 30 minutes 190 μL of piperidine and 1.362 g of 4-

(diethylamino)benzaldehyde 4d were added. 

3.2.2.3. Synthesis of (E)-3-(4-morpholinophenyl)acrylic acid 5e  

Following the general procedure, in a round-bottom flask, provided with a 

magnetic stirrer, 1.0038 g of malonic acid 3, 2 mL of triethylamine, and 30 mL of toluene 

as reaction medium were added. After 30 minutes 190 μL of piperidine and 1.469 g of 4-

(pyrrolidin-1-yl)benzaldehyde 4e were added. 
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3.2.2.4. Synthesis of (E)-3-(4-(pyrrolidin-1-yl)phenyl)acrylic acid 5f  

Following the general procedure, in a round-bottom flask, provided with a 

magnetic stirrer, 0.9982 g of malonic acid 3, 2 mL of triethylamine, and 30 mL of toluene 

as reaction medium were added. After 30 minutes 190 μL of piperidine and 1.346 g of 4-

morpholinobenzaldehyde 4f were added. 

3.2.2.5. Synthesis of (E)-3-(9-ethyl-9H-carbazol-3-yl)acrylic acid 5g  

Following the general procedure, in a round-bottom flask, provided with a 

magnetic stirrer, 0.9971 g of malonic acid 3, 2 mL of triethylamine, and 30 mL of toluene 

as reaction medium were added. After 30 minutes 190 μL of piperidine and 2.084 g of 4-

(9H-carbazol-9-yl)benzaldehyde 4g were added. 

3.2.2.6. Synthesis of (E)-3-(4-(9H-carbazol-9-yl)phenyl)acrylic acid 5h 

Following the general procedure, in a round-bottom flask, provided with a 

magnetic stirrer, 1.0032 g of malonic acid 3, 2 mL of triethylamine, and 30 mL of toluene 

as reaction medium were added. After 30 minutes 190 μL of piperidine and 1.715 g of 9-

ethyl-9H-carbazole-3-carbaldehyde 4h were added. 

3.2.3. Synthesis of vinyl-oxadiazole derivatives 6a-h 

In a round-bottom flask, provided with a magnetic stirrer, 1.0 eq of phenyl-

tetrazole 2, 1.5 eq of the corresponding cinnamic acids 5a-h, 1.1 eq of N,N-

dicyclohexylcarbodiimide (DCC), and 30 mL of toluene were added. The mixture was 

placed under reflux for 24 hours with constant stirring. The progress of the reaction was 

monitored by TLC using Hex:EtOAc (7:3 v/v). Once the reaction was complete, the 

solvent was evaporated under reduced pressure, 10 mL of ethanol (EtOH) was added, and 

the mixture was left in the fridge overnight. The precipitate obtained was filtered, washed 

with EtOH and dried. 

3.2.3.1. Synthesis of (E)-2-phenyl-5-styryl-1,3,4-oxadiazole 6a  

Following the general procedure, in a round-bottom flask, provided with a 

magnetic stirrer, 1.1846 g of phenyl-tetrazole 2, 0.4924 g of (E)-Cinnamic acid 5a, 0.7665 

g of DCC, and 30 mL of toluene were added. 
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3.2.3.2. Synthesis of (E)-2-phenyl-5-(4-(trifluoromethyl)styryl)-1,3,4-

oxadiazole 6b  

Following the general procedure, in a round-bottom flask, provided with a 

magnetic stirrer, 0.8118 g of phenyl-tetrazole 2, 0.5044 g of (E)-3-(4-

(trifluoromethyl)phenyl)acrylic acid 5b, 0.5253 g of DCC, and 30 mL of toluene were 

added. 

3.2.3.3. Synthesis of (E)-dimethyl-4-(2-(5-phenyl-1,3,4-oxadiazol-2-

yl)vinyl)aniline 6c  

Following the general procedure, in a round-bottom flask, provided with a 

magnetic stirrer, 0.9178 g of phenyl-tetrazole 2, 0.5058 g of (E)-3-(4-

(dimethylamino)phenyl)acrylic acid 5c, 0.5939 g of DCC, and 30 mL of toluene were 

added. 

3.2.3.4. Synthesis of (E)-diethyl-4-(2-(5-phenyl-1,3,4-oxadiazol-2-

yl)vinyl)aniline 6d  

Following the general procedure, in a round-bottom flask, provided with a 

magnetic stirrer, 0.8004 g of phenyl-tetrazole 2, 0.4944 g of (E)-3-(4-

(diethylamino)phenyl)acrylic acid 5d, 0.5179 g of DCC, and 30 mL of toluene were 

added. 

3.2.3.5. Synthesis of (E)-4-(4-(2-(5-phenyl-1,3,4-oxadiazol-2-

yl)vinyl)phenyl)morpholine 6e  

Following the general procedure, in a round-bottom flask, provided with a 

magnetic stirrer, 0.7524 g of phenyl-tetrazole 2, 0.5088 g of (E)-3-(4-

morpholinophenyl)acrylic acid 5e, 0.4868 g of DCC, and 30 mL of toluene were added. 

3.2.3.6. Synthesis of (E)-2-phenyl-5-(4-(pyrrolidin-1-yl)styryl)-1,3,4-

oxadiazole 6f  

Following the general procedure, in a round-bottom flask, provided with a 

magnetic stirrer, 0.8078 g of phenyl-tetrazole 2, 0.4963 g of (E)-3-(4-(pyrrolidin-1-

yl)phenyl)acrylic acid 5f, 0.5227 g of DCC, and 30 mL of toluene were added. 
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3.2.3.7. Synthesis of (E)-2-(2-(9-ethyl-9H-carbazol-3-yl)vinyl)-5-phenyl-1,3,4-

oxadiazole 6g  

Following the general procedure, in a round-bottom flask, provided with a 

magnetic stirrer, 0.6615 g of phenyl-tetrazole 2, 0.5015 g of (E)-3-(9-ethyl-9H-carbazol-

3-yl)acrylic acid 5g, 0.4281 g of DCC, and 30 mL of toluene were added. 

3.2.3.8. Synthesis of (E)-2-(4-(9H-carbazol-9-yl)styryl)-5-phenyl-1,3,4-

oxadiazole 6h  

Following the general procedure, in a round-bottom flask, provided with a 

magnetic stirrer, 0.5601 g of phenyl-tetrazole 2, 0.4921 g of (E)-3-(4-(9H-carbazol-9-

yl)phenyl)acrylic acid 5g, 0.3624 g of DCC, and 30 mL of toluene were added. 

3.3. Cytotoxicity evaluation 

The toxicity evaluation was conducted performing a viability assay with CellTiter-

Blue, using the Hep G2 [HEPG2] cell line (liver).  

3.3.1. Vinyl oxadiazole solutions 

Vinyl-oxadiazoles 6a-h were dissolved in a mix of sterile Dimethyl sulfoxide 

(DMSO):HCl (1M) 1:1 to make a 10 mM stock solution.  The stock solution was then 

diluted with Eagle's Minimum Essential Medium (EMEM) to make 100, 150 and 200 M 

solutions of each compound. 

3.3.2. Cell preparation 

Hep G2 cells were incubated in EMEM (38°C, 5% carbon dioxide, CO2) until they 

reached a high confluency (around 70%). The cells were passed to 5 mL of media and 

counted, then diluted until a final concentration of 120 000 cells/mL. In a 96 microplate, 

100 L of the cell solution was added to the wells, to get a final concentration of 5 000 

cells per well (around 80% confluency). The cells were then incubated for 36 hours, when 

they were ready to be drugged. 

3.3.3. Cell treatment 

The cell media was disposed and 100 L of the respective oxadiazole derivative 

(6a-h) solution was added. Besides the oxadiazole solutions, solutions of sterile DMSO 
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(1x105 M), a mixture of DMSO (5x104 M):HCl (4x103 M) 1:1, voriconazole (100, 

150 and 200 M), Arsenic Trioxide (5x104 M), and EMEM were added as positive, 

negative and blank controls respectively. 

3.3.4. Cell Fluorescence  

Cell viability was taken using a CellTiter-Blue assay, which is based on the 

enzymatic reduction of resazurin in the mitochondria (by dehydrogenases and 

cytochromes) to highly fluorescent resorufin (59,60). Sixteen hours after the cell 

treatment, 20 L of CellTiter-Blue was added to each well. Fluorescence was measured 

after 2 hours using an excitation wavelength of 560 nm and emission wavelength of 590 

nm. 

3.4. Antifungal activity evaluation  

The antifungal activity evaluation was conducted using the broth macrodilution 

method for MIC determination established by the CLSI M38 (61). 

3.4.1. Vinyl oxadiazole solutions 

Vinyl-oxadiazoles 6a-h were dissolved in DMSO to make a 10000 μg/mL stock 

solution.  The stock solution was then diluted with DMSO and a 30% Tween 80 solution 

to make 7000, 5120, 2560, 1280, 640, 320, 160, 80, 40 and 20 μg/mL solutions of each 

compound. 

3.4.2. Inoculum preparation 

Conidia were collected adding 3 mL of saline solution to a seven days culture of 

the corresponding mold (S. apiospermum or L. prolificans) and scraping with a sterile 

swab. After 5 minutes, the supernatant was transferred to a falcon tube, and the conidia 

concentration was determined using a Neubauer chamber. The solution was adjusted to 

obtain a final concentration of 0.4-5 x104 UFC (conidia) /mL. 

3.4.3.  Antifungal activity evaluation 

In a 2 mL snap cap tube 900 μL of the conidia solution was added along with 100 

μL of the respective oxadiazole derivative (6a-h) solution, diluting the concentration 1:10, 

achieving final concentrations of 700, 512, 256, 128, 64, 32, 16, 8, 4 and 2 μg/mL, with a 
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final DMSO concentration of <2% and Tween 80 <2.5%. Voriconazole (16 to 1.25 

μg/mL), fluconazole (64-1.25 μg/mL), and amphotericin B (8-0.25 μg/mL) were used as 

control. 

The MIC values were determinate by triplicate, after 48 h incubation (35 °C 

without stirring) as the lowest concentration able to inhibit all fungal grow (determinate 

by eye). 

3.5. Waste Disposal 

Waste management and disposal was done following the regulations of the 

Departamento de Medio Ambiente y Seguridad (FCQ-UANL), see Table 2.  

Table 2. Waste disposal classification. 

Residue Container 

Aqueous solutions  A 

Inorganic solids B 

Organic non-halogenated solutions C 

Organic halogenated solutions D 

Toxic, carcinogenic organic solutions Eorg 

Toxic, carcinogenic inorganic solutions Einorg 

Precious metal solutions F 

Organic solids G 

Oxidants H 

Absorbent materials that were in contact with chemicals, latex gloves Industrial waste 

Empty glassware that was in contact with chemicals Impregnated glass 

Empty plastic material that was in contact with chemical substances Impregnated plastics 
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4. Results and Discussion  

4.1. Organic Synthesis 

The synthesis of the vinyl-oxadiazoles 6a-h followed a three-step process. First, 

the phenyl tetrazole 2 was formed in a Huisgen cycloaddition with benzonitrile and 

potassium azide as starting materials, assisted by MW irradiation. Secondly, a series of 

cinnamic acid derivatives, 5a-h, were synthesized by Knoevenagel condensation. Finally, 

the phenyl tetrazole reacted with the cinnamic acid derivative assisted by MW irradiation, 

to afford the corresponding vinyl-oxadiazole 6a-h showed in Figure 13. 

 

Figure 13. Oxadiazole derivatives 6a-h. 

4.1.1. Synthesis of Phenyl Tetrazole 2 

For the synthesis of phenyl tetrazole 2, a mixture of benzonitrile and potassium 

azide was heated for 70 minutes at 160 ºC under MW irradiation (Scheme 2). 

 

Scheme 2.   Synthetic route to obtain phenyl tetrazole 2. 

After the reaction was completed, it was basified using a saturated NaHCO3 

solution until it reached pH 10. The resulting mixture was extracted three times with 20 

mL of ethyl acetate (3 x 20 mL). The aqueous phase was acidified with HCl until a white 
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solid precipitated. The solid was filtered, rinsed with cold water and dried. The product 

was obtained as a white cotton-like solid, with a chemical yield of 85%. 

 

Figure 14.  NMR 1H (500 MHz, DMSO-d6) of 5-phenyl-1H-tetrazole 2. 

The product was characterized by FT-IR, NMR 1H and 13C and HRMS, confirming 

the structure of the phenyl-1H-tetrazole. The 1H NMR spectrum (Figure 14 and Table 3) 

shows a doublet of doublets around 8 ppm (2H) that corresponds with protons 1. The 

signals around 7.6 ppm integrate 3 protons and it’s a signal overlap between protons 3, 2 

and 2´. The singlet at 7.62 ppm (corresponding to proton 3) integrates to 1H and has a 

coupling constant of 6.95 Hz with protons 2 and 2´. It does not show the coupling with 

proton 1 which can be explained due to the overlap and the resolution of the instrument. 

The signal at 7.61 ppm (corresponding to protons 2 and 2´) integrates to 2H and has a 

multiplicity similar to a double signal (not a doublet). This signal has a coupling constant 

of 1.80 Hz, consistent with the proton located in the meta position relative to 2 (2´). The 

amino hydrogen doesn’t appear in the spectrum; this can be explained by proton exchange 

with any deuterium (D2O) present in the solvent. 
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Table 3. NMR 1H of 5-phenyl-1H-tetrazole 2 (500 MHz, DMSO-d6). 

 

Proton δ (ppm) Multiplicity Integration J (Hz) 

1 8.10-7.99 dd 2 H 
7.43 

2.27 

2 7.61 d 2 H 
6.95 

1.80 

3 7.62 s 1 H 6.95 

 

4.1.2. Synthesis of cinnamic acid derivatives 5a-h 

For the synthesis of the cinnamic acids derivatives, a mixture of the corresponding 

aldehyde, malonic acid, triethyl amine and piperidine were refluxed in toluene for 6 h 

(Scheme 3).  

 

Scheme 3.   Synthetic route to obtain cinnamic acid derivatives 5a-h. 

After the reaction was complete, it was basified with a solution of NaOH and 

stirred for 30 minutes. The resulting mixture was extracted three times with 10 mL of 

distilled water (3 x 10 mL). Finally, the aqueous phase was acidified with HCl 12 M until 

precipitation, and the solid obtained was filtered, rinsed with cold water and dried. 

Six different cinnamic acid derivatives were synthetized. All of them were 

obtained as solids, with colors variating from white, yellow, orange and brown, and 

chemical yields from 39% to 80%. All solids were characterized by FT-IR, NMR 1H and 

13C and HRMS confirming the desired structure (Table 4).  
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Table 4. Yield, R.F. and HRMS characterization of compounds 5a-h. 

  
Appearance Yield 

R.F.  
(Hex:AcOEt 7:3) 

Theoretical 

Mass: m/z 

Exact Mass: 

m/z 

5a White Commercial -  - - 

5b Beige Commercial - - - 

5c Yellow 54.30% 0.18 192.1019 192.0974 

5d Orange 63.70% 0.19 220.1332 220.1322 

5e Yellow 79.10% 0.06 234.1125 234.1116 

5f Brown 39.60% 0.25 218.1176 218.1169 

5g Light Yellow 61.10% 0.12 266.1176 266.1172 

5h Beige 80.63% 0.19 314.1176 314.1139 

 

The 1H NMR spectrum of molecule 5e (Figure 16) (Table 5) shows two doublet 

of doublets corresponding to the morpholine protons in the aliphatic area, each signal 

integrating to 4 protons. The reason for the multiplicity not being a triplet as expected is 

the gauche arraignment due to the shape of the chair, Figure 15.  The change of the 

positions in the conformers makes it so the protons are not chemical equivalent. At the 

same time, the multiplicity of the signals depends on the %anti/gauche in the sample. It is 

established in the literature that a 20/80 mixture presents coupling constants of 6.2 and 4.2 

Hz, similar to the ones obtained in 5e. Due to the resolution of the instrument, however, 

the doublet of doublets is not appreciated, with a shape more alike to a triplet signal (62). 

In the aromatic area, four signals can be seen. The signals in 6.98 and 6.18 ppm show a 

coupling constant of 15.8 Hz and an integration of 1 proton, both the constant and the 

protons correspond to the vinyl signals and demonstrate a trans geometry. The remaining 

signals, 7.32 and 6.18 have a coupling constant of 8.8 Hz characteristic of the aromatic 

ring, the integration for 1 proton also corroborates it. 

 

Figure 15. Anti and gauche configuration for the morpholine ring in 5e. 
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Table 5. NMR 1H of cinnamic acid 5e (500 MHz, DMSO-d6). 

 Proton δ (ppm) Multiplicity Integration J (Hz) 

1 7.32 d 2 H 8.8 

2 6.98 d 1 H 15.8 

3 6.89 d 2 H 8.8 

4 6.18 d 1 H 15.8 

5 3.73 dd 4 H 6.0, 3.6 

6 3.11 dd 4 H 6.0, 3.6 

  

Figure 16. NMR 1H (500 MHz, DMSO-d6) of (E)-3-(4-morpholinophenyl)acrylic acid 5e.  

4.1.3. Synthesis of vinyl-oxadiazole derivatives 6a-h 

For the synthesis of the cinnamic acids derivatives, a mixture of the corresponding 

cinnamic acid (5a-h), phenyl tetrazole 2 and DCC were refluxed in toluene for 24 h 

(Scheme 4). 

 

Scheme 4. Synthetic route to obtain vinyl-oxadiazole derivatives 6a-h. 
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After the reaction was completed, the solvent was rotovaporated and 15 mL of 

EtOH was added to the round bottom flask and cooled in the fridge overnight so the vinyl-

oxadiazole could precipitate. All solids were filtered and rinsed with cold EtOH. Finally, 

the vinyl-oxadiazole was recrystallized in EtOH. 

Eight different vinyl-oxadiazole derivatives were synthetized. All of them were 

obtained as solids, with colors variating from white, yellow, orange and brown, and 

chemical yields from 20% to 42%. All solids were characterized by FT-IR, NMR 1H and 

13C and HRMS confirming the desired structure (Table 6). 

Table 6.  Yield, R.F. and HRMS characterization of compounds 6a-h. 

  
Appearance Yield 

R.F.  
(Hex:AcOEt 7:3) 

Theoretical 

Mass: m/z 

Exact Mass: 

m/z 

6a White 29.20% 0.59  249.1022 249.1006 

6b Beige 21.40%  0.58 317.0896 317.0873 

6c Yellow 41.30%  0.37 292.1444 292.1423 

6d Orange 37.10%  0.43 320.1757 320.1733 

6e Yellow 38.90%  0.21 334.155 334.1526 

6f Brown 35.90%  0.43 318.1601 318.1573 

6g Light Yellow 38.20%  0.51 366.1601 366.1575 

6h Beige 41.20%  0.34 414.1601 414.1571 

 

The 1H NMR spectrum of molecule 6e (Figure 17) presented all the signals 

corresponding to the cinnamic acid previously analyzed (5e), in addition of two signals in 

the aromatic area corresponding to the phenyl protons from the tetrazole (Table 7). The 

vinyl signals, shown in 7.50 and 6.88 ppm have a similar coupling constant to its precursor 

(16.4 Hz), this confirm that the trans geometry didn’t change between reactions. 
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Table 7. 1H NMR (500 MHz, CDCl3) of vinyl-oxadiazole 6e. 

 

Proton δ (ppm) Multiplicity Integration J (Hz) 

1 8.05 dd 2 H 7.5, 2.0 

2 7.50 d 1 H 16.3 

3 
7.48 – 

7.45 
m 3 H - 

4 7.45 d 2 H 7.1 

5 6.90 d 2 H 8.7 

6 6.88 d 1 H 16.3 

7 3.83 dd 4 H 6.0, 3.6 

8 3.20 dd 4 H 6.0, 3.6 

 

Figure 17. 1H NMR (500 MHz, CDCl3) of (E)-4-(4-(2-(5-phenyl-1,3,4-oxadiazol-2-

yl)vinyl)phenyl)morpholine 6e. 

4.1.4. Toxicity evaluation 

The viability tests in the eight synthesized compounds against the HepG2 cell line (liver) 

were done using the CellTiter-Blue (resazurin) colorimetric technique.  
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The azole hepatotoxicity in antifungal drugs is well established in the literature, as they 

show low selectivity to other metalloenzymes provoking drug-drug interactions and liver 

toxicity (63). True to this, the voriconazole (Vor) used as reference (100, 150 and 200 μM) 

showed a high toxicity against the liver cell line. 

On the other hand, the oxadiazoles used in the assay (6a-h) showed a decrease of 

viability around 89% and 98% (Figure 18).  Gruber S. et al. (64) establishes a substance 

as toxic when it lowers the cell viability to 70% or lower. Given that none of the 

oxadiazoles presented enough diminution of cell viability, they can be labeled as non-

toxic.  

Figure 18.  Cell viability percentage of compounds 6a-h against the HepG2 cell line, using the CellTiter-

Blue (resazurin) colorimetric technique. 

The difference in toxicity between the voriconazole and the oxadiazole derivatives 6a-h 

could be justified due to an increase in selectivity caused by the change in the metal-

binding group. In 2014, Hoekstra, W. et al. (63) observed that changing the metal binding 

group in the voriconazole to one with lower-affinity for heme-iron (tetrazole instead of 
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triazole) greatly increased the selectivity towards Lanosterol 14 alpha-demethylase 

(CYP51A1) rather than human CYP enzymes such as CYP3A4. The iron affinity of the 

metal binding group is strongly associated with its basicity, and given that the oxadiazole 

group is less basic than the tetrazole and the triazole is reasonably to link this property to 

the decrease in toxicity shown by derivatives 6a-h. 

4.1.5.  Antifungal evaluation 

The antifungal evaluation was done using the using the broth macrodilution 

method for MIC determination established by the CLSI M38. The assays were reviewed 

after 48 h and 72 h and done by triplicate (Figure 19). MICs are presented in Table 8. All 

compounds, 6a-h, showed no activity against L. prolificans and S. apiospermum. Testing 

at higher concentrations was not possible due to the solubility of the compounds. 

Table 8. Minimum inhibitory concentration (MIC) of Lomentospora prolificans and Scedosporium 

apiospermum.   

Lomentospora prolificans Scedosporium apiospermum 

Compound MIC (μg/mL) Compound MIC (μg/mL) 

6a  6a  

6b  6b  

6c * 6c  

6d * 6d  

6e  6e  

6f  6f  

 6g  6g  

6h  6h  

Vor  Vor 4 

Flz  Flz 32 

AmB  AmB  
*Due to the low quantity of compounds 6c and 6d the highest concentration used in the assay was 128 μg/mL 

Neither the CLSI nor the EUCAST (European Committee on Antimicrobial 

Susceptibility Testing) have official MIC breakpoints for rare molds such as L. prolificans 

and S. apiospermum, but the EUCAST offer breakpoints for other fungi particularly 

different species of Aspergillus. Taking these values as reference, Both L. prolificans and 

S. apiospermum showed resistance to fluconazole (Flz) (MIC >16 μg/mL), voriconazole 
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(Vor) (MIC >1 μg/mL), and amphotericin B (AmB) (MIC >1 μg/mL) (65). These results 

coincide with the literature, as other works, included Kirchhoff et al. report resistance 

shown by L. prolificans to echinocandins, polyenes and azole antifungals, with 

voriconazole having the lowest MIC between the three types of antifungals (66). On the 

other hand, Mello et al. reported resistance shown by S. apiospermum to allylamines, 

echinocandins, polyenes antifungals and limited resistance to azole derivatives, with 

voriconazole and posaconazole having the lowest MIC between the four types of 

antifungals (67). 

The high resistance of both molds has been reported in the literature before, as they 

pose intrinsic resistance to azoles (6a-h, voriconazole and fluconazole), and 

echinocandins (amphotericin B) (68,69). 

 

Figure 19. Scedosporium apiospermum growth with 6a at 700 μg/mL after a) 24 h, b) 48 h and c) 72 h. 

In his work, Hamdy et al. worked with highly similar compounds to the ones in 

this work (Figure 10). He determined the interactions of E3 and CYP51 via molecular 

docking, discovering important hydrophobic (Leu-88, Tyr-118, Pro-230, Phe-228, Phe-

380 and Tyr-132) and - stacking interactions (His-377, Phe-233) with key amino acid 

residuals. The interactions presented were made mostly by the rings presented to the sides 

a) b) c) 
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of the oxadiazole. Seeing the similitude between Hamdy work and this one, it is logical to 

expect the same interactions were made between 6a-h and CYP51 presented in L. 

prolificans and S. apiospermum, however, the lack of activity presented suggests the 

opposite (53). 

Even though the intrinsic resistance of L. prolificans and Scedosporium spp have 

not been extensively studied, it is believed that the amino acid substitutions in Cyp51 (in 

L. prolificans and Scedosporium) are one of the reasons for this resistance. In his work, 

Wu et al. sequenced the Cyp51 gene of 21 L. prolificans clinical isolates, founding an 

identity of 86.6% with S. apiospermum, on the other hand, the identity with Cyp51 of 

Aspergillus fumigatus was only 54.8%. They also identified several azole resistance 

intrinsic amino acid residues in Cyp51 (of L. prolificans) reported to be associated with 

azole resistance in A. fumigatus (70). As aspergillosis and candidiasis are around 90% of 

all fungal infections (Aspergillosis being 75% of all mold infections), it is comprehensible 

that Aspergillus and Candida Cyp51 are the ones used to design new antifungal 

candidates, however these designs do not account for the differences in L. prolificans and 

Scedosporium Cyp51 (71,72). 

Another intrinsic resistance mechanism showed by L. prolificans and 

Sedosporium. spp. is biofilm formation. Kirchhoff et al. in their work, detected the 

formation of biofilm in L. prolificans strains and determined the MIC of voriconazole in 

three different biofilm development stages; prior adhesion (0 h), after adhesion (2 h and 

in mature biofilm (48 h) The MIC obtained for voriconazole was 8 times greater in the 

mature biofilm stage than in the other two stages (66).  

Mello et al. also detected the formation of biofilm in all L. prolificans and 

Scedosporium spp. strains after collecting 21 clinical isolates. They obtained the MIC of 

voriconazole against L. prolificans and S. apiospermum 72 h-biofilm, obtaining MICs 

greater than 256 μg/mL for both fungi (67). In a following work, Mello et al. determinate 

the importance of efflux pump activity in L. prolificans and S. spp resistance using the 

efflux pump inhibitor PaβN. After the inhibition, they found that the MIC of voriconazole 

against S. apiospermum, S. minutisporum and S. aurantiacum decreased 2, 8 and 2 times 

respectively when the assay was made in RPMI medium; on the other hand, when the 
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assay was done with L. prolificans, the MIC decreased more than 64 times. This indicates 

the importance of efflux pumps in L. prolificans as a resistance mechanism. A future 

experiment with a efflux pump inhibitor could determine if the lack of activity of 

compounds 6a-h is related to this resistance mechanism (73). 

The structural differences between the oxadiazoles in Hamdy´s work and 6a-h 

could also be another reason for their low activity. The amino substituents and the vinyl 

group could be interfering or showing low interactions with the amino acid residuals in 

Cyp51. To confirm this, computational studies would be beneficial, however there is no 

assembly for L. prolificans or Scedosporium Cyp51 in the Protein Data Bank.  

The lack of information regarding the resistance mechanisms and protein structure 

of rare molds like L. prolificans or Scedosporium is a big limitation in the search of new 

and better antifungal drugs. A better understanding of the limitations of this work will be 

achieved as more research is conducted. 
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5. Conclusions  

❖ Phenyl tetrazole 2 was obtained via Huisgen´s cycloaddition obtaining a chemical yield 

of 85%. The structure was confirmed by FT-IR, 1H-NMR, 13C-NMR and HRMS. 

❖ The cinnamic acid derivatives 5a-h were obtained via Knoevenagel reaction obtaining 

chemical yields between 39% and 80%. The structures were confirmed by FT-IR, 1H-

NMR, 13C-NMR and HRMS. 

❖ The vinyl-oxadiazole derivatives 6a-h were obtained via Huisgen´s rearrangement 

obtaining chemical yields between 39% and 80%. The structures were confirmed by 

FT-IR, 1H-NMR, 13C-NMR and HRMS. 

❖  The cytotoxicity of the compounds 6a-h was determined against the cell line HepG2 

(liver cells) obtaining cell viabilities between 89% and 98% at 100, 150 and 200 μM, 

demonstrating no hepatotoxicity in vitro. 

❖ Compounds 6a-h showed no activity against the azole and polyene-resistant fungi 

Scedosporium apiospermum and Lomentospora prolificans at 700 μg/mL or less and 

higher concentrations could not be used due to the low solubility of the compounds in 

water and ethanol. 

❖ Due to none of the vinyl-oxadiazole derivatives exhibited greater antifungal activity 

than voriconazole, against drug-resistant strains of Scedosporium apiospermum and 

Lomentospora prolificans, the hypothesis presented is rejected 

5.1. Future Perspective 

❖ Because compounds 6a-h showed no toxicity, they could be used in another 

areas, such as bioimaging (they present fluorescent properties not 

discussed in this work). 

❖ The use of computational tools like molecular docking to determinate the 

interactions between 6a-h and Cyp51 to make the necessary modifications 

in the structure to obtain a greater antifungal activity. 
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❖ The addition of functional groups capable of helping with the solubility of 

the oxadiazoles in water (carboxylic acids, alcohols, etc.). 
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7. Supplementary Information 

5-phenyl-1H-tetrazole 2 (85.03%) 

            White cotton-like solid, mp 216-218 °C, R.F. (MeOH:EtOAc 1:1) 0.65; 

FTIR v (cm-1): 1562 (C=N), 3100-3010 (Ar-H); 1H NMR (500 MHz, DMSO-d6) δ 8.16 – 

7.97 (m, 2H, Harom), 7.67 – 7.51 (m, 3H, Harom); 13C NMR (500 MHz, DMSO) δ 131.75, 

129.92, 127.43, 124.58. HRMS (ESI+) m/z calc for C7H7N4
+  [M + H]+ 147.0665, 

found 147.0679. 

 

Appendix A. 1H NMR (500 MHz, DMSO-d6) of 5-phenyl-1H-tetrazole 2. 
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Appendix B.  13C NMR (500 MHz, CDCl3) of 5-phenyl-1H-tetrazole 2. 

 

Appendix C. FT-IR of 5-phenyl-1H-tetrazole 2. 
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(E)-3-(4-(dimethylamino)phenyl)acrylic acid 5c (54.30%) 

Yellow solid, mp 212-214 °C, R.F.  (Hex:EtOAc 7:3) 0.18; 1H 

NMR (500 MHz, DMSO-d6) δ 7.49 (d, J = 8.8 Hz, 2H), 7.47 (d, J = 

15.6 Hz, 1H), 6.70 (d, J = 8.9 Hz, 2H), 6.21 (d, J = 15.8 Hz, 1H), 2.97 

(s, 6H); 13C NMR (500 MHz, DMSO) δ 167.63, 150.96, 143.98, 129.10, 120.93, 112.38, 

111.15, 39.10. HRMS (ESI+) m/z calc for C11H14NO2
+ [M + H]+ 192.1019, found 

192.0974. 

 

Appendix D. 1H NMR (500 MHz, DMSO-d6) of (E)-3-(4-(dimethylamino)phenyl)acrylic acid 5c. 
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Appendix E. 13C NMR (500 MHz, DMSO) of (E)-3-(4-(dimethylamino)phenyl)acrylic acid 5c. 

 

(E)-3-(4-(diethylamino)phenyl)acrylic acid 5d (63.71%) 

Yellow solid, mp 176-178 °C, R.F.  (Hex:EtOAc 7:3) 0.19; 

FTIR v (cm-1): 1180 (Ar-N), 1519 (C=C, Ar), 1582 (C=C), 1653 

(C=O),  2730-2220 (O-H); 1H NMR (500 MHz, DMSO-d6) δ 11.91 

(s, 1H), 7.44 (d, J = 14.3 Hz, 1H), 7.44 (s, 2H), 6.65 (d, J = 8.9 Hz, 2H), 6.16 (d, J 

= 15.9 Hz, 1H), 3.38 (q, J = 7.0 Hz, 5H), 1.10 (t, J = 7.0 Hz, 7H); 13C NMR (500 

MHz, DMSO) δ 167.81, 148.25, 143.58, 129.37, 120.21, 112.30, 110.48, 43.12, 

11.83. HRMS (ESI+) m/z calc for C13H18NO2
+ [M + H]+ 220.1332, found 220.1322. 



XV 

 

 

 

Appendix F. 1H NMR (500 MHz, DMSO-d6) of (E)-3-(4-(diethylamino)phenyl)acrylic acid 5d. 

 

Appendix G. 13C NMR (500 MHz, DMSO) of (E)-3-(4-(diethylamino)phenyl)acrylic acid 5d. 
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Appendix H. FTIR of (E)-3-(4-(diethylamino)phenyl)acrylic acid 5d. 

 

(E)-3-(4-morpholinophenyl)acrylic acid 5e (79.13%) 

White solid, mp 300°C, R.F.  (Hex:EtOAc 7:3) 0.06; FTIR v 

(cm-1): 1120 (C-O), 1234 (Ar-N), 1518 (C=C, Ar), 1605 (C=C), 1629 

(C=O),  3480-3080 (O-H); 1H NMR (500 MHz, DMSO-d6) δ 7.32 

(d, J = 8.8 Hz, 1H), 6.98 (d, J = 15.8 Hz, 1H), 6.89 (d, J = 8.8 Hz, 2H), 6.18 (d, J = 

15.8 Hz, 1H), 3.73 (dd, J = 6.0, 3.6 Hz, 4H), 3.11 (dd, J = 6.0, 3.6 Hz, 4H); 13C 

NMR (500z MHz, DMSO) δ 169.82, 150.01, 134.03, 127.25, 127.20, 127.07, 

114.24, 65.42, 47.49. HRMS (ESI+) m/z calc for C13H16NO3
+ [M + H]+ 234.1125, 

found 234.1116. 
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Appendix I. 1H NMR (500 MHz, DMSO-d6) of (E)-3-(4-morpholinophenyl)acrylic acid 5e. 

 

Appendix J.  13C NMR (500 MHz, DMSO) of (E)-3-(4-morpholinophenyl)acrylic acid 5e. 
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Appendix K. FTIR of (E)-3-(4-morpholinophenyl)acrylic acid 5e. 

 

(E)-3-(4-(pyrrolidin-1-yl)phenyl)acrylic acid 5f (39.66%) 

Beige solid, mp 188-189°C, R.F.  (Hex:EtOAc 7:3) 0.25; FTIR 

v (cm-1): 1187 (Ar-N), 1519 (C=C, Ar), 1599 (C=C), 1661 (C=O),  

2750-2260 (O-H); 1H NMR (500 MHz, DMSO-d6) δ 11.90 (s, 

1H), 7.47 (d, J = 8.3 Hz, 2zH),  7.46 (d, J = 16.6 Hz, 2H), 6.54 

(d, J = 8.8 Hz, 2H), 6.17 (d, J = 15.8 Hz, 1H), 3.31 – 3.25 (m, 4H), 2.00 – 1.92 (m, 

4H); 13C NMR (500 MHz, DMSO) δ 168.57, 152.85, 144.77, 130.13, 123.65, 

114.92, 114.43, 48.73, 25.37. HRMS (ESI+) m/z calc for C13H16NO2
+ [M + H]+ 

218.1176, found 218.1169. 
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Appendix L.   1H NMR (500 MHz, DMSO-d6) of (E)-3-(4-(pyrrolidin-1-yl)phenyl)acrylic acid 5f. 

 

Appendix M. 13C NMR (500 MHz, DMSO) of (E)-3-(4-(pyrrolidin-1-yl)phenyl)acrylic acid 5f. 



XX 

 

 

 

Appendix N. FTIR of (E)-3-(4-(pyrrolidin-1-yl)phenyl)acrylic acid 5f. 

 

(E)-3-(9-ethyl-9H-carbazol-3-yl)acrylic acid 5g (80.63%) 

Light brown solid, mp 228-229 °C, R.F.  (Hex:EtOAc 7:3) 

0.19; 1H NMR (500 MHz, DMSO-d6) δ 12.18 (s, 1H), 8.54 (s, 1H), 

8.21 (d, J = 7.7 Hz, 1H), 7.81 (d, J = 8.62 Hz, 1H), 7.77 (d, J = 16.0 

Hz, 1H), 7.64 (d, J = 8.76 Hz, 1H), 7.49 (t, J = 7.7 Hz, 1H), 7.25 (t, J 

= 7.4 Hz, 1H), 6.55 (d, J = 15.9 Hz, 1H), 4.47 (q, J = 7.1 Hz, 2H), 1.32 (t, J = 7.1 Hz, 3H); 

13C NMR (126 MHz, DMSO) δ 139.28, 136.79, 128.72, 126.16, 125.73, 122.24, 119.95, 

119.62, 109.14, 45.03, 10.96. HRMS (ESI+) m/z calc for C17H16NO2
+ [M + H]+ 

266.1176, found 266.1172. 
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Appendix O. 1H NMR (500 MHz, DMSO-d6) of (E)-3-(9-ethyl-9H-carbazol-3-yl)acrylic acid 5g. 

 

Appendix P. 13C NMR (500 MHz, DMSO) of (E)-3-(9-ethyl-9H-carbazol-3-yl)acrylic acid 5g. 
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(E)-3-(4-(9H-carbazol-9-yl)phenyl)acrylic acid 5h (61.12%) 

Light yellow solid, mp 245-246 °C, R.F.  (Hex:EtOAc 7:3) 

0.12; 1H NMR (500 MHz, DMSO-d6) δ 12.50 (s, 1H), 8.26 (d, J 

= 7.8 Hz, 2H), 8.00 (d, J = 8.6 Hz, 2H), 7.74 (d, J = 16.0 Hz, 

1H), 7.70 (d, J = 8.5 Hz, 2H), 7.48 – 7.41 (m, 4H), 7.31 (ddd, J 

= 7.9, 4.8, 3.3 Hz, 2H), 6.66 (d, J = 16.0 Hz, 1H); 13C NMR (126 MHz, DMSO) δ 

166.95, 142.35, 139.18, 137.72, 132.69, 129.37, 126.19, 125.77, 122.33, 119.99, 

119.74, 119.29, 109.15. HRMS (ESI+) m/z calc for C21H16NO2
+ [M + H]+ 314.1176, 

found 314.1139. 

 

Appendix Q. 1H NMR (500 MHz, DMSO-d6) of (E)-3-(4-(9H-carbazol-9-yl)phenyl)acrylic acid 5h. 
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Appendix R. 13C NMR (500 MHz, DMSO) of (E)-3-(4-(9H-carbazol-9-yl)phenyl)acrylic acid 5h. 

(E)-2-phenyl-5-styryl-1,3,4-oxadiazole 6a (29.20%) 

White solid, mp 118-120 °C, R.F.  (Hex:EtOAc 7:3) 0.59; 

FTIR v (cm-1): 1013 (C-O), 1524 (C=C, Ar), 1549 (C=C), 1645 

(C=N); 1H NMR (500 MHz, Chloroform-d) δ 8.07 (dd, J = 7.8, 1.8 

Hz, 2H), 7.58 (d, J = 16.5 Hz, 1H), 7.54 – 7.51 (m, 2H), 7.50 – 7.45 (m, 3H), 7.40 – 7.31 

(m, 3H), 7.05 (d, J = 16.4 Hz, 1H); 13C NMR (500 MHz, CDCl3) δ 164.32, 164.08, 138.96, 

134.81, 131.79, 130.02, 129.11, 129.07, 127.55, 127.00, 123.89, 110.06. HRMS (ESI+) 

m/z calc for C16H13N2O
+ [M + H]+ 249.1022, found 249.1006. 



XXIV 

 

 

 

Appendix S. 1H NMR (500 MHz, CDCl3) of (E)-2-phenyl-5-styryl-1,3,4-oxadiazole 6a. 

 

Appendix T. 13C NMR (500 MHz, CDCl3) of (E)-2-phenyl-5-styryl-1,3,4-oxadiazole 6a. 
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Appendix U. FTIR of (E)-2-phenyl-5-styryl-1,3, 4-oxadiazole 6a 

(E)-2-phenyl-5-(4-(trifluoromethyl)styryl)-1,3,4-oxadiazole 6b (21.44%) 

Beige solid, mp 168-170 °C, R.F.  (Hex:EtOAc 7:3) 0.58; 

FTIR v (cm-1): 1063 (C-O), 1107 (C-F), 1613 (C=C, Ar), 1648 

(C=C), 1645 (C=N); 1H NMR (500 MHz, Chloroform-d) δ 8.07 

(dd, J = 8.1, 1.6 Hz, 2H), 7.63 (s, 4H), 7.59 (d, J = 16.4 Hz, 1H), 7.53 – 7.45 (m, 3H), 7.13 

(d, J = 16.5 Hz, 1H); 13C NMR (500 MHz, CDCl3) δ 164.39, 163.78, 138.14, 137.08, 

132.00, 131.39, 129.17, 127.67, 127.07, 126.07, 126.04, 123.68, 122.77, 112.52. HRMS 

(ESI+) m/z calc for C17H12F3N2O
+ [M + H]+ 317.0896, found 317.0873. 
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Appendix V. 1H NMR (500 MHz, CDCl3) of ((E)-2-phenyl-5-(4-(trifluoromethyl)styryl)-1,3,4-oxadiazole 

6b. 

  

Appendix W. 13C NMR (500 MHz, CDCl3) of ((E)-2-phenyl-5-(4-(trifluoromethyl)styryl)-1,3,4-

oxadiazole 6b. 
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Appendix X. FTIR of ((E)-2-phenyl-5-(4-(trifluoromethyl)styryl)-1,3,4-oxadiazole 6b. 

 

(E)-N,N-dimethyl-4-(2-(5-phenyl-1,3,4-oxadiazol-2-yl)vinyl)aniline 6c (41.39%) 

Yellow solid, mp 158-160 °C, R.F.  (Hex:EtOAc 7:3) 0.37; 

FTIR v (cm-1): 1015 (C-O), 1177 (Ar-N), 1532 (C=C, Ar), 1601 

(C=C), 1631 (C=N); 1H NMR (500 MHz, Chloroform-d) δ 8.04 

(dd, J = 7.3, 2.3 Hz, 2H), 7.48 (d, J = 16.4 Hz, 2H), 7.48 – 7.43 (m, 3H), 7.41 (d, J = 8.9 

Hz, 1H), 6.80 (d, J = 16.3 Hz, 1H), 6.66 (d, J = 8.3 Hz, 2H), 2.97 (s, 6H); 13C NMR (126 

MHz, CDCl3) δ 165.22, 163.47, 151.49, 139.28, 131.42, 129.06, 129.01, 126.83, 124.18, 

122.70, 111.99, 104.60, 40.19. HRMS (ESI+) m/z calc for C18H18N3O
+ [M + H]+ 

292.1444, found 292.1423. 
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Appendix Y. 1H NMR (500 MHz, CDCl3) of (E)-N,N-dimethyl-4-(2-(5-phenyl-1,3,4-oxadiazol-2-

yl)vinyl)aniline 6c. 

 

Appendix Z. 13C NMR (500 MHz, CDCl3) of (E)-N,N-dimethyl-4-(2-(5-phenyl-1,3,4-oxadiazol-2-

yl)vinyl)aniline 6c. 
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Appendix AA. FTIR of (E)-N,N-dimethyl-4-(2-(5-phenyl-1,3,4-oxadiazol-2-yl)vinyl)aniline 6c. 

 

(E)-N,N-diethyl-4-(2-(5-phenyl-1,3,4-oxadiazol-2-yl)vinyl)aniline 6d (37.17%) 

Orange solid, mp 178-180 °C, R.F.  (Hex:EtOAc 7:3) 0.45; 

FTIR v (cm-1): 1012 (C-O), 1155 (Ar-N), 1527 (C=C, Ar), 1594 

(C=C), 1639 (C=N); 1H NMR (400 MHz, Chloroform-d) δ 8.13 

(dd, J = 7.2, 2.7 Hz, 1H), 7.57 – 7.51 (m, 3H), 7.55 (d, J = 16.7 Hz, 1H), 7.47 (d, J = 8.9 

Hz, 2H), 6.86 (d, J = 16.3 Hz, 1H), 6.70 (d, J = 8.9 Hz, 2H), 3.43 (q, J = 7.1 Hz, 4H), 1.22 

(t, J = 7.1 Hz, 6H); 13C NMR (500 MHz, CDCl3) δ 165.36, 163.39, 149.03, 139.31, 131.38, 

129.38, 129.00, 126.81, 124.22, 121.81, 111.36, 103.92, 44.48, 12.61. HRMS (ESI+) m/z 

calc for C20H22N3O
+ [M + H]+ 320.1757, found 320.1733. 
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Appendix BB. 1H NMR (500 MHz, CDCl3) of (E)-N,N-diethyl-4-(2-(5-phenyl-1,3,4-oxadiazol-2-

yl)vinyl)aniline 6d. 

 

Appendix CC. 13C NMR (500 MHz, CDCl3) of (E)-N,N-diethyl-4-(2-(5-phenyl-1,3,4-oxadiazol-2-

yl)vinyl)aniline 6d. 
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Appendix DD. FTIR of (E)-N,N-diethyl-4-(2-(5-phenyl-1,3,4-oxadiazol-2-yl)vinyl)aniline 6d. 

 

(E)-4-(4-(2-(5-phenyl-1,3,4-oxadiazol-2-yl)vinyl)phenyl)morpholine 6e (38.92%) 

Yellow solid, mp 198-200 °C, R.F.  (Hex:EtOAc 7:3) 0.21; 

FTIR v (cm-1): 1016 (C-O), 1176 (Ar-N), 1532 (C=C, Ar), 1597 

(C=C), 1637 (C=N);  1H NMR (500 MHz, Chloroform-d) δ 8.05 

(dd, J = 7.5, 2.0 Hz, 2H), 7.50 (d, J = 16.4 Hz, 1H), 7.48 – 7.45 (m, 3H), 7.45 (d, J = 7.1 

Hz, 2H), 6.90 (d, J = 8.7 Hz, 2H), 6.88 (d, J = 16.3 Hz, 1H), 3.83 (dd, J = 6.0, 3.6 Hz, 

4H), 3.20 (dd, J = 6.0, 3.6 Hz, 4H); 13C NMR (500 MHz, CDCl3) δ 164.76, 163.77, 

158.82, 138.48, 131.62, 129.07, 128.95, 126.91, 124.04, 115.53, 107.11, 66.47, 48.77. 

HRMS (ESI+) m/z calc for C20H20N3O2
+ [M + H]+ 334.1550, found 334.1526. 
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Appendix EE. 1H NMR (500 MHz, CDCl3) of (E)-4-(4-(2-(5-phenyl-1,3,4-oxadiazol-2-

yl)vinyl)phenyl)morpholine 6e. 

 

Appendix FF. 13C NMR (500 MHz, CDCl3) of (E)-4-(4-(2-(5-phenyl-1,3,4-oxadiazol-2-

yl)vinyl)phenyl)morpholine 6e. 
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Appendix GG. FTIR of (E)-4-(4-(2-(5-phenyl-1,3,4-oxadiazol-2-yl)vinyl)phenyl)morpholine 6e. 

(E)-2-phenyl-5-(4-(pyrrolidin-1-yl)styryl)-1,3,4-oxadiazole 6f (35.89%) 

Brown solid, mp 118-120 °C, R.F.  (Hex:EtOAc 7:3) 0.43; 

FTIR v (cm-1): 1056 (C-O), 1184 (Ar-N), 1524 (C=C, Ar), 1590 

(C=C), 1633 (C=N); 1H NMR (500 MHz, Chloroform-d) δ 8.11 

(dd, J = 7.2, 2.6 Hz, 2H), 7.55 (d, J = 16.7 Hz, 2H), 7.53 – 7.50 (m, 3H), 7.47 (d, J = 8.7 

Hz, 2H), 6.84 (d, J = 16.2 Hz, 1H), 6.57 (d, J = 8.7 Hz, 2H), 3.44 – 3.25 (m, 4H), 2.11 – 

1.98 (m, 4H). 13C NMR (500 MHz, CDCl3) δ 165.36, 163.38, 149.03, 139.55, 131.37, 

129.23, 128.99, 126.80, 124.24, 122.02, 111.77, 103.86, 47.57, 25.48. HRMS (ESI+) m/z 

calc for C20H20N3O
+ [M + H]+ 318.1601, found 318.1573. 
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Appendix HH. 1H NMR (500 MHz, CDCl3) of (E)-2-phenyl-5-(4-(pyrrolidin-1-yl)styryl)-1,3,4-

oxadiazole 6f. 

 

Appendix II. 13C NMR (500 MHz, CDCl3) of (E)-2-phenyl-5-(4-(pyrrolidin-1-yl)styryl)-1,3,4-oxadiazole 

6f. 
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Appendix JJ. FTIR de of (E)-2-phenyl-5-(4-(pyrrolidin-1-yl)styryl)-1,3,4-oxadiazole 6f. 

 

(E)-2-(2-(9-ethyl-9H-carbazol-3-yl)vinyl)-5-phenyl-1,3,4-oxadiazole 6g 

(38.21%) 

Beige solid, mp 178-180 °C, R.F.  (Hex:EtOAc 7:3) 0.34; 

FTIR v (cm-1): 1016 (C-O), 1158 (Ar-N), 1591 (C=C, Ar), 1622 

(C=C), 1643 (C=N); 1H NMR (500 MHz, Chloroform-d) δ 8.24 (s, 

0H), 8.10 – 8.04 (m, 3H), 7.78 (d, J = 16.3 Hz, 1H), 7.68 (dd, J = 8.5, 1.7 Hz, 1H), 7.50 – 

7.42 (m, 4H), 7.38 (dd, J = 8.3, 3.6 Hz, 2H), 7.22 (t, J = 7.5 Hz, 1H), 7.06 (d, J = 16.3 Hz, 

1H), 4.33 (q, J = 7.3 Hz, 2H), 1.40 (t, J = 7.2 Hz, 3H). 13C NMR (126 MHz, CDCl3) δ 

164.22, 140.48, 139.22, 137.79, 133.66, 131.89, 129.16, 128.98, 127.32, 127.05, 126.13, 

123.84, 123.68, 120.45, 120.38, 110.64, 109.79, 44.48, 12.61. HRMS (ESI+) m/z calc 

for C24H20N3O
+ [M + H]+ 366.1601, found 366.1575. 
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Appendix KK. 1H NMR (500 MHz, CDCl3) of (E)-2-(2-(9-ethyl-9H-carbazol-3-yl)vinyl)-5-phenyl-1,3,4-

oxadiazole 6g. 

 

Appendix LL. 13C NMR (500 MHz, CDCl3) of (E)-2-(2-(9-ethyl-9H-carbazol-3-yl)vinyl)-5-phenyl-1,3,4-

oxadiazole 6g. 
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Appendix MM. FTIR of (E)-2-(2-(9-ethyl-9H-carbazol-3-yl)vinyl)-5-phenyl-1,3,4-oxadiazole 6g. 

 

 (E)-2-(4-(9H-carbazol-9-yl)styryl)-5-phenyl-1,3,4-oxadiazole 6h (41.38%) 

Light yellow solid, mp 180-182 °C, R.F.  (Hex:EtOAc 7:3); 

FTIR v (cm-1): 1008 (C-O), 1169 (Ar-N), 1532 (C=C, Ar), 1606 

(C=C), 1637 (C=N); 1H NMR (500 MHz, Chloroform-d) δ 8.11 – 

8.07 (m, 4H), 7.76 (d, J = 8.4 Hz, 2H), 7.68 (d, J = 16.5 Hz, 1H), 7.61 (d, J = 8.4 Hz, 2H), 

7.53 – 7.46 (m, 3H), 7.44 – 7.40 (m, 2H), 7.37 (ddd, J = 8.2, 6.9, 1.3 Hz, 2H), 7.25 (ddd, 

J = 7.9, 6.9, 1.1 Hz, 2H), 7.14 (d, J = 16.3 Hz, 1H); 13C NMR (126 MHz, CDCl3) δ 164.22, 

140.48, 139.22, 137.79, 133.66, 131.89, 129.16, 128.98, 127.32, 127.05, 126.13, 123.84, 

123.68, 120.45, 120.38, 110.64, 109.79. HRMS (ESI+) m/z calc for C28H20N3O
+ [M + 

H]+ 414.1601, found 414.1571. 
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Appendix NN. 1H NMR (500 MHz, CDCl3) of (E)-2-(4-(9H-carbazol-9-yl)styryl)-5-phenyl-1,3,4-

oxadiazole 6h. 

 

Appendix OO. 13C NMR (500 MHz, CDCl3) of (E)-2-(4-(9H-carbazol-9-yl)styryl)-5-phenyl-1,3,4-

oxadiazole 6h. 
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Appendix PP. FTIR of (E)-2-(4-(9H-carbazol-9-yl)styryl)-5-phenyl-1,3,4-oxadiazole 6h.  


