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Complex Heterocycles as Mitochondrial Uncouplers 

Jacob Hadley Murray 

Abstract 

Small molecule mitochondrial uncouplers are compounds that dissipate the proton motive 

force independent of ATP synthase that results in increased energy expenditure. Mild 

mitochondrial uncoupling has therapeutic potential in treating obesity, diabetes, neurological 

diseases, non-alcoholic steatohepatitis (NASH), and aging. Our group has previously reported the 

discovery of a small molecule mitochondrial uncoupler BAM15, which was efficacious in an 

obesity mouse model. Herein, we describe the design and synthesis of two scaffolds as well as 

their characterization as mitochondrial uncouplers through a series of in vitro and in vivo assays. 

Compounds that pass as bona fide mitochondrial uncouplers are administered in mice to determine 

pharmacokinetic properties and promising compounds are then tested in a mouse model of obesity. 

The first series of mitochondrial uncouplers are anilinopyrazines. By changing the 

substitution pattern and electronics on the aniline rings, our investigations reveal the importance 

of the proximity of aniline rings on the pyrazine core, with the 2,3-positions being crucial for 

uncoupling activity. We found that mitochondrial uncouplers 2.5g and 2.5l elicited a maximum 

oxygen consumption rate (OCR) of 260% and 343% with an EC50 of 2.5 and 5.9 µM, respectively. 

Utilizing the knowledge gained from the anilinopyrazine series, we designed a second novel 

chemical scaffold based on a related BAM15 analog 6-amino-[1,2,5]oxadiazolo[3,4-b]pyrazin-5-

ol. The new series of 6-amino-[1,2,5]oxadiazolo[3,4-b]pyridin-5-ol derivatives have a pyridine 

instead of pyrazine core that is decorated with aniline substituents. We found that derivatives with 

electron withdrawing groups (EWG) substitutions in the 2,5-position on the aniline ring exhibited 

the greatest uncoupling activity compared to other structural isomers. Strong EWGs 
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CF3/OCF3/SO2CF3 were well tolerated and demonstrated the highest uncoupling activity compared 

to other EWGs. Our studies indicated that placement of the hydroxyl group in the 2-position of the 

pyridine moiety was crucial for uncoupling activity. Several of the most promising compounds 

tested in vitro were examined in vivo and found to have good oral bioavailability in mice with 

ranges in Cmax of 10-90 µM and t1/2 of 0.9 to >24 hours. We found that analogs that have 

F/OCF3/SO2CF3 groups on the 4-position exhibited the longest t1/2 compared to other structural 

isomers, suggesting that this position is a site of metabolic lability. Among the 51 derivatives 

tested, SHM20519115 demonstrated mild uncoupling activity with 48% BAM15 OCR and an 

EC50 of 17.1 µM in L6 myoblast cells. SHM20519115 was found to have good oral bioavailability 

with a Cmax of 57 µM and a t1/2 of 4.4 hours. Additionally, SHM20519115 had significant 

distribution in adipose tissue where it can promote mitochondrial uncoupling. In a mouse model 

of obesity, SHM20519115 prevented fat mass gain by 59% compared to the western diet (WD) 

control group. Importantly, weight loss did not alter lean mass or food intake. Further 

characterization demonstrated that SHM20519115 prevented glucose and insulin intolerance in 

mice. Taken together, our investigations support the utility of mitochondrial uncouplers for the 

treatment of obesity and other metabolic disorders. 
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 Complex Heterocycles as Mitochondrial Uncouplers 

Jacob Hadley Murray 

General Audience Abstract 

 Obesity is commonly considered a modern-day epidemic with more than 40% of adult 

Americans being classified as obese. The higher prevalence of obesity over the course of the last 

century has been attributed to a more sedentary lifestyle and high calorie diet. Obesity has been 

shown to negatively impact every organ system and increases the risk for heart disease, cancer, 

neurological diseases, non-alcoholic steatohepatitis (NASH), and diabetes. Moreover, obesity has 

further burdened the healthcare system with an estimated expenditure of $190 billion a year in the 

US. Although diet and exercise has shown excellent results in weight loss, long-term compliance 

with these regiments is extremely low. Current non-invasive treatments provide varying efficacies 

and a myriad of side-effects. Invasive procedures, which is restricted to those who are classified 

as ómorbidly obeseô with a BMI > 40, have shown excellent results in facilitating weight loss but 

come with high cost and risks to patients. This excludes individuals in the BMI range of 30-40 

unless they are qualified with additional comorbidities. In recent years, mitochondrial uncouplers 

have reemerged as a potential therapeutic treatment for obesity.  

This dissertation discusses the structure-activity relationship study of anilinopyrazines and 

6-amino-[1,2,5]oxadiazolo[3,4-b]pyridin-5-ol derivatives as mitochondrial uncouplers. Building 

on previous work on BAM15, we investigated uncoupling activity of anilinopyrazines. We 

discovered that although anilinopyrazines were previously found to be inactive, modifications to 

the aniline rings could result in uncoupling activity. We found that strong electron withdrawing 

groups placed in the meta and para positions were most favorable. We also determined that the 

2,3-disubstitution on the aniline rings was crucial for uncoupling activity. From this study, we 
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discovered 2.5g and 2.5l that elicited a maximum oxygen consumption rate (OCR) of 260 and 

343% with EC50 of 2.5 and 5.9 µM, respectively.  

 Furthermore, we recently reported a new series of 6-amino-[1,2,5]oxadiazolo[3,4-

b]pyridin-5-ol derivatives and identified SHM20519115 as a mitochondrial uncoupler. Our studies 

determined that SHM20519115 demonstrated mild uncoupling activity with 48% BAM15 OCR 

with an EC50 of 17.1µM in L6 myoblasts cells. In a mouse model of obesity, SHM20519115 was 

found to be efficacious at a 130 mg/kg dose. Pharmacokinetic studies SHM20519115 showed 

greater overall distribution in adipose tissue in mice. Additionally, when examined in a mouse 

obesity prevention model, SHM20519115 successfully prevented 59% fat mass gain compared to 

the western diet (WD) control group. Finally, we found that SHM20519115 prevents glucose and 

insulin intolerance in mice. Taken together, these results support a role for mitochondrial 

uncouplers in the treatment of obesity. 

  

 

 

 

 

 

 

 

 

 

 

  



vi 

 

Acknowledgements 

First and foremost, I thank my parents for their support throughout my academic career. 

Their concern to address my learning disabilities as a child has helped me reach heights I could 

not otherwise achieve. My moving to Virginia for graduate school was certainly not easy on them; 

however, they have supported me through all of the highs and lows of my PhD program.  

Two passions in my life started in Mrs. Himmelbergôs chemistry class in Fairport High 

school in 2010, one being the obvious subject, and the second being the passion for my soon to be 

wife Emily Rose Santillo. The love, support, and encouragement from her and the Santillo family 

have kept me afloat throughout my graduate career. Leaving our home to come to Virginia was 

not easy for either of us, but her commitment to stay has only grown my love and admiration for 

her.  

I additionally thank all of my professors at my alma matter, Nazareth College. My advisor, 

Dr. Stephen Tajc, was the first professor I worked under in my freshman year. His patience, 

guidance, and support helped prepare me for graduate school. I thank Dr. Lamella, Dr. Hartmann, 

Dr. Martin, and Jane Shebert at Nazareth College for their mentorship, friendship, and guidance 

that helped me continue to work hard. 

I thank my advisor Dr. Webster Santos, who has pushed me to always improve myself and 

my craft. Dr. Santos is the busiest person I have ever met, and even then, he always makes time to 

discuss personal and academic issues with his students. My peers and I have gained immeasurable 

experience and support from Dr. Santos, and I appreciate his leadership wholeheartedly. I also 

thank my committee members Dr. Carlier, Dr. Tanko, and Dr. Etzkorn for their guidance 

throughout my graduate career.  



vii  

 

Additionally, I acknowledge all of my mentors throughout the years. I thank my first mentor 

Dr. Alan Connor for his aid in starting my chemistry research career at Nazareth College. I thank 

my first mentor in graduate school, Dr. Elizabeth Childress, for helping start my work here at 

Virginia Tech. Her leadership, brilliance, patience, positive attitude, and work ethic have been one 

of my greatest inspirations in life. I thank Dr. Joseph Salamoun and Dr. Yumin Dai for their 

expertise in chemistry and guidance.  

I thank my friends and peers including Ariel Burgio, Christopher Garcia, Justin Grams, 

Connor Szwetkowski, Dr. Ashley Peralta, Dr. Russel Snead, Swetha Jos, Johnathan Bowen, Dr. 

Jan Nekvinda, Chris Shrader, Kyle Dunnavant, Jeremy Cunningham, Dr. Christopher Sibley, Dr. 

Ashley Gates, Mary Olson, and Laura Wonilowicz for their support and friendship. Specifically, I 

thank Justin Grams and Christopher Garcia for being model scientists and leaders. Their help with 

positive reinforcements and critical critiques have made me a better writer and chemist overall. I 

also like to specifically thank Ariel Burgio for her invaluable friendship. I will always cherish the 

times we spent together watching the legendary Buffalo Bills and working together in lab. I know 

that she will continue to excel in the Santos Group after I have left.  

Finally, I thank our collaborators at the University of Virginia (UVA) and University of New 

South Wales (UNSW). I thank Dr. Kyle Hoehn and his group composed of Dr. Martina Beretta, 

Sing-Young Chen, Stephanie Alexopolous, and Divya Sha at UNSW for all of their work with in 

vivo and in vitro data in the mitochondrial uncoupler project. Additionally, I thank Stefan Hargett 

for the hundreds of compounds that our group has sent to him at UVA for in vitro analysis. During 

the busiest times of the project, Stefanôs efficiency and expertise were crucial for us to continue 

our work in a logical manner. 

 



viii  

 

Table of Contents 

Abstract ........................................................................................................................................... ii  

General Audience Abstract ............................................................................................................ iv 

Acknowledgements ........................................................................................................................ vi 

List of Figures ................................................................................................................................. x 

List of Tables ................................................................................................................................. xi 

List of Schemes ............................................................................................................................. xii  

Chapter 1: Mitochondrial Uncouplers as a Potential Treatment of Obesity ................................... 1 

1.1 Classification of Obesity ................................................................................................. 1 

1.2  Variation and Function of Adipose Tissue ..................................................................... 1 

1.3 Treatments for Obesity ................................................................................................... 3 

1.4 Cellular Respiration ........................................................................................................ 6 

1.5  Mitochondrial Uncoupling .............................................................................................. 7 

1.6  Conclusions ................................................................................................................... 11 

1.7 Dissertation overview for Developing Complex Heterocycles as Mitochondrial 

Uncouplers .................................................................................................................... 11 

1.8  References ..................................................................................................................... 12 

Chapter 2: Anilinopyrazines as Potential Mitochondrial Uncouplers .......................................... 26 

2.1 Contributions................................................................................................................. 26 

2.2 Abstract ......................................................................................................................... 26 



ix 

 

2.3  Introduction ................................................................................................................... 27 

2.4  Results and Discussion ................................................................................................. 30 

2.5  Conclusions ................................................................................................................... 35 

2.6  References ..................................................................................................................... 37 

Chapter 3: Structure-Activity Relationship Study of 6-Amino-[1,2,5]Oxadiazolo[3,4-b]Pyridin-

5-ol Derivatives as Efficacious Mitochondrial Uncouplers in the Prevention of Diet-Induced 

Obesity .......................................................................................................................................... 41 

3.1  Contributions................................................................................................................. 41 

3.2  Abstract ......................................................................................................................... 42 

3.3  Introduction ................................................................................................................... 43 

3.4  Results and Discussion ................................................................................................. 45 

3.5  Conclusions ................................................................................................................... 60 

3.6  References ..................................................................................................................... 62 

Chapter 4: Experimental ............................................................................................................... 66 

4.1 General Experimental Methods ..................................................................................... 66 

4.2 Instrumentation .............................................................................................................. 66 

4.3 Synthetic Procedures, NMR Spectra, and Characterizations of Compounds for Chapter 3

  ...................................................................................................................................... 67 

4.3 References .................................................................................................................... 214 

 



x 

 

List of Figures 

Figure 1.1 Structures of FDA approved drugs for treatment of obesity. ........................................ 4 

Figure 1.2 Illustration of the electron transport chain..................................................................... 7 

Figure 1.3. Mitochondrial uncouplers. ............................................................................................ 8 

Figure 1.4. Function of mitochondrial uncouplers on the ETC ...................................................... 9 

Figure 2.1. BAM15 as a mitochondrial uncoupler ....................................................................... 28 

Figure 2.2. Comparison of FCCP and BAM15............................................................................. 29 

Figure 2.3. Components of BAM15 ............................................................................................. 29 

Figure 2.4. This work, SAR study on the importance of the furazan head group on BAM15 ..... 30 

Figure 3.1.  Previous work, SHS4121705 demonstrated 2 point NAS improvement in mice...... 44 

Figure 3.2. Structure activity relationship study on the importance of the pyrazine core in 

SHS4121705 derivatives ....................................................................................................... 45 

Figure 3.3. Pharmacokinetics of compound SHM20519115 ........................................................ 57 

Figure 3.4. Compound SHM20519115 prevents diet-induced obesity without altering lean mass.

............................................................................................................................................... 58 

Figure 3.5. SHM20519115 prevents glucose intolerance and insulin resistance ......................... 59 

Figure 3.6. Compound SHM20519115 primarily targets liver tissue ........................................... 60 



xi 

 

List of Tables 

Table 2.1. Oxygen consumption rate activities of 2.5a-2.5o in rat L6 myoblasts ........................ 32 

Table 2.2. Oxygen consumption rate activities of 2.7a-2.7d & 2.9a-2.9d in rat L6 myoblasts ... 34 

Table 2.3. Oxygen consumption rate activities of 2.11a-2.11f in rat L6 myoblasts ..................... 35 

Table 3.1. Oxygen consumption rates of 3.8a-3.8m in L6 rat myoblast cells .............................. 49 

Table 3.2. Oxygen consumption rates of 3.8n-3.8ai in L6 rat myoblast cells. ............................. 51 

Table 3.3. Oxygen consumption rates of 3.8aj-3.8ay in L6 rat myoblast cells ............................ 53 

Table 3.4. Oxygen consumption rates of 3.11a-3.11g in L6 rat myoblast cells ........................... 55 

Table 3.5. Pharmacokinetic profile of select analogs in mice ...................................................... 56 

  

 

 

 

 

 

 



xii  

 

List of Schemes 

Scheme 2.1. Synthesis of compounds 2.5a-2.5o. ......................................................................... 31 

Scheme 2.2. Synthesis of compounds 2.7a-2.7d. ......................................................................... 33 

Scheme 2.3. Synthesis of compounds 2.9a-2.9d .......................................................................... 33 

Scheme 2.4. Synthesis of compounds 2.11a-2.11f. ...................................................................... 34 

Scheme 3.1. Synthesis of 3.8a-3.8ay.. .......................................................................................... 46 

Scheme 3.2. Transformation of 3.7ax to 3.9................................................................................. 47 

Scheme 3.3. Synthesis of 3.11a-3.11g .......................................................................................... 54 



1 

 

Chapter 1: Mitochondrial Uncouplers as a Potential Treatment of Obesity 

 

1.1 Classification of Obesity 

 
The prevalence of obesity in the United States has been widely regarded as a modern day 

epidemic. Due to a more sedentary lifestyle and unabated access to a high calorie diet, more 

Americans each year are being diagnosed as obese. Obesity is classified as a metabolic disorder 

and is diagnosed when an individualôs body-mass-index (BMI) is greater than Ó 30 kg/m2. BMI is 

established through the measurement of a personôs height/weight and, while not the most precise 

method, is widely used to determine the fat content in an individual.1-3 Obesity is a progressive 

disease that is separated into 3 classes based on BMI. Class I obesity encompasses individuals with 

a BMI of 30-35, Class II with 35-40 and Class III with Ó 40 kg/m2. The CDC has designated 

obesity as a disease and recently reported that roughly 43% of adult Americans are classified as 

obese while 74% were determined to be overweight or obese.4 Obesity has been found to cause 

negative effects in every human organ system. Most notably, obesity has been shown to increase 

risk of heart disease, cancer, neurological diseases, kidney disease, non-alcoholic fatty liver 

disease (NAFLD) and the progressive form non-alcoholic steatohepatitis (NASH). For these 

reasons, treatments for obesity have garnered immense interest in the last several decades. This 

dissertation will focus on the biology of obesity, current treatments, and the reemergence of novel 

mitochondrial uncouplers as potential treatments for obesity.   

1.2  Variation and Function of Adipose Tissue 
 

Humans and other mammals have adapted to store excess calories as adipose (fat) tissue to 

insure against periods when food is scarce. Fat has many other roles such as heat regulation,5-8 
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protective material for organs,9 and as a major organ in the endocrine system.10 Adipose tissue can 

be separated into three main categories, brown adipose tissue (BAT), beige adipose tissue, and 

white adipose tissue (WAT). BAT, the minor form of adipose tissue, has clear roles in regulating 

body temperature through non-shivering thermogenesis, with lesser responsibilities of energy 

storage and endocrinological functions.11, 12 In humans, BAT is at its highest concentration in 

infants to protect against hypothermia; however, expression of this form of adipose tissue is vastly 

reduced in adulthood.13-17 Although BAT was once commonly accepted to be absent in adult 

humans, recent discoveries of deposits in the supraclavicular, paravertebral and deep neck regions 

have eliminated that previously recognized notion.18-20 Additionally, recent work has elucidated 

the genotypical/phenotypical differences in BAT content humans have based on their personal and 

parental exposure to cold climates.21, 22  

Beige adipose tissue, also known as inducible BAT, is another minor form of fat and is found 

within depots of WAT.13, 23, 24 Similar to BAT, beige adipose tissue has a predominant role in non-

shivering thermogenesis. Unlike BAT, beige adipose tissue originates from WAT through a 

process called óbrowningô, which is induced by ɓ-adrenergic signaling from prolonged cold 

exposure.21, 24-26 Similar to BAT, genotypical/phenotypical differences in beige adipose tissue 

between humans can be attributed to their exposure to colder climates.21 

WAT is the most predominant form of fat within the human body and is crucial for energy 

storage in the form of triglycerides, synthesis and moderation of hormones, protection against 

injury/infection, and insulation.7, 10, 27-29 Furthermore, WAT plays roles in reproduction, 

angiogenesis, immunity, coagulation, and vasculature.10, 30, 31 The measurement of BMI is largely 

focused on determining WAT content in the body. Al though determining fat content through BMI 

has limitations when incorporating variables such as age, sex, and race, it is the most commonly 
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used method.32 A healthy BMI is approximately ~18-25 kg/m2, overweight at 25-30 kg/m2, and 

obese individuals at Ó 30 kg/m2. Although many studies find that an overweight individual will 

experience higher risks of several diseases and conditions, crossing into obesity has a much greater 

impact in morbidity and mortality.33, 34 Individuals that were found to be in the class III obesity 

range with a BMI of 40-60 kg/m2 were found to have an average lifespan loss of 10 years. 

Moreover, those in the 55-60 kg/m2 group were found to have an average life span loss of 14 

years.35 Common morbidities that caused death in this group were heart disease, cancer, and 

diabetes. In regards to cancer, obesity has been reported to increase the risk of numerous cancers 

including breast, colon, esophagus, thyroid, liver, gallbladder, pancreas, uterus, ovary, kidney and 

bones.1, 36-39 Obesity amplifies the risk of heart disease through increasing risks of hypertension, 

hyperglycemia, hypercholesterolemia, inflammation and insulin resistance.40, 41 The increasing 

prevalence of obesity has led to enormous ramifications on society and our economy. Currently, 

estimates indicate that obesity costs an additional $190 billion annually to the healthcare system, 

and is rising every year.42, 43 For these reasons, therapeutic treatments for obesity have never been 

more needed. 

1.3 Treatments for Obesity 
 

Diet and exercise, when performed correctly, are exceptional ways to prevent/reduce obesity 

but have low compliancy rates.44, 45 Moreover, a 9-year long study found that obese patients who 

started a regiment of dieting and exercising had a probability of  < 1% to attain a healthy weight 

by the end of the study.46 Concerningly, morbidly obese individuals were found to have a < 0.1% 

chance of reaching a normal weight by the end of the study.46 For this reason, pharmaceutical 

interventions have become an extremely attractive pathway to treat obesity. 
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Current FDA approved treatments include modulation of nutrient absorption and appetite 

suppression.47 The structures of these drugs are shown in Fig. 1.1 and discussed below. 

Orlistat (1.1), a pancreatic lipase inhibitor, moderates absorption of fat and intestinal 

digestion leading to fat loss although with the common side effect of steatorrhea (oily stools).47, 48 

Average reported weight loss of patients taking orlistat was only 2.8 kg per year versus the placebo 

group.49 As a result, popular interest in the use of orlistat has diminished. 

Lorcaserin (1.2), a potent agonist for the serotonin receptor 5-HT2c, acts as an appetite 

suppressant that was approved by the FDA in 2012 as an effective treatment of obesity.48, 50-52 

Unfortunately, lorcaserin was voluntarily removed from the market in 2020 due to safety concerns 

with increased rates of cancer in prescribed patients.53  

 

Figure 1.1 Structures of FDA approved drugs for treatment of obesity. 
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Phentermine (1.3), an amphetamine, acts a stimulant and in combination with topiramate 

(1.4) (an anticonvulsive agent), synergistically functions as an effective appetite suppressant.54-56 

The synergistic properties of both drugs are not well understood; however, disconcerting side 

effects such as insomnia, dizziness, headache, hypertension, sinus tachycardia, and teratogenicity 

have been reported.47, 48, 57, 58 Patients treated with phentermine/topiramate ER at dosages of 7.5/46 

mg or 15/92 mg were found to lose 6.6 kg and 8.7 kg of weight, respectively, compared to 

placebo.56 Patients that abruptly stop administration of phentermine/topiramate ER have an 

increased risk of seizures and are recommended to perform downward titration over the course of 

several days.55, 56   

Naltrexone (1.5), an opioid antagonist, is primarily used for managing alcohol and opioid 

dependency; however, when combined with bupropion (1.6), a norepinephrineïdopamine reuptake 

inhibitor (NDRI), the combination act as an effective appetite suppresant.47, 59, 60 Common side-

effects of naltrexone/bupropion are similar to that of aforementioned appetite suppressants 

although with an unresolved increased risk of suicidal thoughts.61-63  

Surgical interventions have also shown great efficacy in treating obesity but carry high cost 

and risk to patients.64-66 Moreover, studies have demonstrated that individuals that undergo 

bariatric surgery have a decrease in overall mortality of 24-40% versus those who seek non-

surgical interventions.67-69 Gastric sleeving, bypass, and banding are popular bariatric surgeries, 

but come with risks. Patients who qualify for bariatric surgery must meet the threshold of having 

a BMI >40 and thus be classified as morbidly obese.70 This leaves many patients in the Class I and 

II  groups unable to acquire bariatric surgery without significant health issues attributed to obesity. 
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1.4 Cellular Respiration 

 

Cellular respiration is a chemical process utilized by all forms of life to produce the vital 

energy-rich molecule adenosine triphosphate (ATP). Glycolysis, pyruvate oxidation, the citric acid 

cycle, and oxidative phosphorylation are the four main pathways to produce ATP in cellular 

respiration.71 In glycolysis, glucose is metabolized in the intracellular fluid into two molecules of 

pyruvate, producing 2 net ATP units in the process. The pyruvate molecules are then transported 

by pyruvate translocase into the mitochondrial matrix where they are oxidized by pyruvate 

dehydrogenase complex (PDC) to produce acetyl-CoA. The acetyl-CoA produced from the PDC 

and fatty acid oxidation are then further reacted within the citric acid cycle. Numerous redox 

reactions are carried out on acetyl-CoA and ultimately result in the net production of 2 ATP units, 

6 NADH, and 2 FADH2.
72   

The final step in metabolism is oxidative phosphorylation, and is responsible for the highest 

production of ATP in cellular respiration (Figure 1.2).72, 73 The synthesis of ATP is driven by a 

physiochemical gradient developed between the mitochondrial inner membrane space and 

mitochondrial matrix known as the proton motive force (PMF).74, 75 The PMF is formed when 

NADH and FADH2 donate electrons into the electron transport chain (ETC) providing energy to 

shuttle protons from the mitochondrial matrix into the intermembrane space.76, 77 Specifically, 

NADH donates electrons into complex I and FADH2 into complex II, respectively. Electrons pass 

through complex III and complex IV where O2 is finally reduced to H2O. Complexes I, III, and IV 

pump protons from the mitochondrial matrix into the innermembrane space producing the 

aforementioned PMF. This pH gradient equates to a difference of 6.8 in the innermembrane space 

and 8.1 in the mitochondrial matrix.78 The PMF contains potential energy, which is utilized by 

ATP synthase to phosphorylate ADP, generating ATP, to sustain life. 
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Figure 1.2 Illustration of the electron transport chain. Reused with permission under a Creative 

Commons Attribution 4.0 License from reference 71. 71 

1.5  Mitochondrial Uncoupling  
 

Translocation of protons from the intermembrane space into the mitochondrial matrix 

independent of ATP synthase is known as mitochondrial uncoupling. Passive mitochondrial 

uncoupling occurs naturally, accounting for an estimated 30% of basal metabolic rate, both 

spontaneously and via uncoupling proteins (UCP1-5).
79, 80 Thermogenin (UCP1) is the most widely 

studied uncoupling protein and has been shown to be a key regulator of homeostasis within 

mitochondria through dissipation of the PMF.81-84 Primarily found in brown adipose tissue (as 

described in section 1.3), UCP1 is responsible for the process of non-shivering thermogenesis and 

accounts for up to 8% of mitochondrial protein in mice.5, 85 Increasing the efficiency of the ETC 

has been directly correlated to the decreased production of reactive oxygen species (ROS).76 UCP2-
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3 utilize this mode of action for neuroprotection, regulating the production of ROS.86-90 UCP4 is 

mainly found within the central nervous system and shown to have a role in modulating neuronal 

survival while also mitigating ROS production.91-94 UCP5 function is not widely understood, but 

is thought to play a role in modulating H2S levels in the brain.95  

Small molecules that transport protons through the mitochondrial inner membrane and elicit 

the same effect as UCPs are known as mitochondrial uncouplers (MUs).  The majority of MUôs 

are lipophilic weak acids that facilitate passive transport of protons from the mitochondrial 

innermembrane space to the matrix (Figure 1.3).96 Passive transport of protons into the 

mitochondrial matrix independent of ATP synthase results in the decrease of the PMF (Figure 1.4). 

Consequently, this process results in reduced efficiency of the ETC and thus, an increase in nutrient 

catabolism occurs to reestablish the PMF to supply enough potential energy for ATP synthase to 

phosphorylate ADP to ATP. Overall, MUôs act as protonophores which increase the function of 

the ETC to reestablish homeostasis. 

 

 

Figure 1.3. Mitochondrial uncouplers. 
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The first mitochondrial uncoupler DNP (1.7) was discovered in munitions factories during 

the first world war.97 Factory workers who were exposed to DNP experienced rapid weight loss, 

hyperthermia, and sometimes death.98 Nevertheless, DNPôs activity made it an attractive weight 

loss supplement that was widely utilized in the 1930ôs before the mechanism of action was fully 

understood.99, 100 However, due to the toxic/lethal side effects, the FDA prohibited DNPôs 

therapeutic use in 1938.101-103 Current understandings have attributed these negative side effects to 

DNPôs lack of specificity resulting in plasma membrane depolarization.104-106 To minimize 

toxicity, a liver-targeted pro-drug version of DNP, DNPME (1.8), was developed and 

demonstrated efficacy in a mouse model of non-alcoholic fatty liver disease (NAFLD) and 

improved insulin sensitivity in diabetic rats.107 Administration of 50 mg/kg dosages of DNPME in 

 

Figure 1.4. Function of mitochondrial uncouplers on the ETC. Reused with permission from reference 

96. Copyright 2018 American Chemical Society. 
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mice were found to have no hepatic or renal toxicity. This is a stark contrast to DNP as toxic 

dosages are observed starting at 1 mg/kg in mice.107 A controlled-release formulation of DNP has 

also shown beneficial results in NAFLD, insulin resistance and obesity in a rat model.108  These 

approaches control toxicity by lowering Cmax and focusing DNP activity in the liver; however, this 

strategy does not remove unwanted off target-effects. 

Carbonyl cyanide 4-(trifluoromethoxy)phenylhydrazone (FCCP (1.9)) is a mitochondrial 

uncoupler widely used for research purposes in studying mitochondrial diseases and functions 

(Figure 1.4).109, 110 FCCP is often used in these settings for its high potency and efficacy in vitro; 

however, it has limited clinical applications due to its narrow therapeutic window.110, 111  

In recent years, novel mitochondrial uncouplers have garnered greater interest in their 

therapeutic potential in treating obesity. The novel uncoupler CZ5 (1.10) was found to reduce fat 

mass, food intake, and reduced plasma cholesterol levels, but long term effects are still under 

investigation.112 

Recently, a new mitochondrial uncoupler (OPC-163493 (1.11)) was serendipitously 

discovered and reported to be efficacious in a diabetic mouse model.113 OPC-163493 decreased 

ROS production and had beneficial renal and cardiovascular effects in vivo but did not reverse 

obesity. Additionally, OPC-163493 was found to primarily localize in liver and kidney tissues 

improving glucose metabolism and providing antisteatotic properties.  

 Recently, sorafenib (1.12), an FDA approved treatment for liver, renal and thyroid cancer, 

has demonstrated uncoupling activity at low concentrations and was found efficacious in a NASH 

prevention study in rodents and non-human primates. Additionally, at 15 mg/kg/2 days, sorafenib 

was found to prevent body weight gain in mice fed a high-fat and high cholesterol (HFHC) diet 

compared to the group only fed the HFHC diet.114  
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1.6  Conclusions 

 

Obesity is a condition that negatively affects all organ systems. Currently, obesity has 

become so prevalent that it is considered a modern day epidemic. Although diet and exercise are 

effective methods to prevent/reduce obesity, long term failure rates in individuals are extremely 

high. Pharmaceutical approaches have emerged and shown varying efficacy in treating obesity, 

although with a slew of different negative side effects. Additionally, surgical interventions have 

shown excellent efficacy in treating obesity, but come with high cost and risk. Mitochondrial 

uncouplers have recently reemerged as potential treatments for obesity, aging, neurodegenerative 

diseases, and diabetes. These studies highlight the potential of mitochondrial uncouplers for the 

treatment of metabolic diseases.  

1.7 Dissertation overview for Developing Complex Heterocycles as 

Mitochondrial Uncouplers 

 
Chapter 1 discussed obesity, current treatments, cellular respiration, and mitochondrial 

uncoupling as a potential treatment. Chapter 2 will focus on the structure-activity relationship 

study of anilinopyrazines as mitochondrial uncouplers. Chapter 3 will disclose the structure 

activity-relationship study of a novel series of 6-amino-[1,2,5]oxadiazolo[3,4-b]pyridin-5-ol 

derivatives as efficacious mitochondrial uncouplers in the prevention of diet-induced obesity. 

Chapter 4 will include supplemental information for the compounds synthesized and characterized 

by the author of this dissertation. 
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Chapter 2: Anilinopyrazines as Potential Mitochondrial Uncouplers 

 

2.1 Contributions 
 

This chapter is an adaption of a published work by the author, Stefan Hargett of the 

University of Virginia, Dr. Kyle Hoehn of the University of New South Wales, and Dr. Webster 

Santos. Reprinted (adapted) with permission from (Murray, J. H.; Hargett, S.; Hoehn, K. L.; 

Santos, W. L. Bioorg. Med. Chem. Lett. 2020, 30, 127057). All characterizations for synthesized 

products can be found in the online SI https://doi.org/10.1016/j.bmcl.2020.127057. 

2.2 Abstract 
 

Mitochondrial protonophores transport protons through the mitochondrial inner membrane 

into the matrix to uncouple nutrient oxidation from ATP production thereby decreasing the proton 

motive force. Mitochondrial uncouplers have beneficial effects of decreasing reactive oxygen 

species generation and have the potential for treating diseases such as obesity, neurodegenerative 

diseases, non-alcoholic fatty liver disease, diabetes, and many others. In this study, we report the 

structure-activity relationship profile of the pyrazine scaffold bearing substituted aniline rings. 

Our work indicates that a trifluoromethyl group is best at the para position while the 

trifluoromethoxy group is preferred in the meta position of the aniline rings of 2,3-substituted 

pyrazines. Additionally, we found that the positioning of the aniline rings in the 2,3 position of 

the pyrazine was crucial for uncoupling activity. 

 

 

 

https://doi.org/10.1016/j.bmcl.2020.127057
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2.3  Introduction  

 

The primary function of the electron transport chain is to establish a proton motive force 

that drives the synthesis of ATP by ATP synthase.1 ATP synthase couples the transport of protons 

from the mitochondrial intermembrane space into the matrix with formation of the high energy 

phosphate bonds in ATP. Protons that passively cross through the mitochondrial inner membrane 

independent of ATP synthase result in the loss of potential energy in a process known as 

mitochondrial uncoupling.2 In response to this uncoupling process, the electron transport chain 

will increase activity to maintain the proton motive force and allow sufficient ATP production for 

homeostasis. Mitochondrial uncoupling occurs naturally with transporters known as uncoupling 

proteins (UCPs).3 UCP1, the most widely investigated UCP, plays a role in maintaining an optimal 

temperature within the mitochondria.4-6 To increase temperature, exothermic reactions occur 

through both the dissipation of potential energy and an increase in nutrient catabolism. 

Mitochondrial uncoupling can also be achieved using small molecule mitochondrial uncouplers.1, 

7, 8 Moderate mitochondrial uncoupling has been shown to have therapeutic potential in treating 

obesity, Parkinsonôs, NASH, diabetes and aging.9-14 

The classic mitochondrial uncoupler DNP (1.7) was widely used as a weight loss 

supplement in the 1930ôs before the mechanism of action was well understood.14 Moreover, DNP 

was found to increase a humanôs metabolism by as much as 50%.15 Fortunately, DNP was banned 

for therapeutic use by the FDA in 1938 due to numerous reported deaths and bleak side effects.16, 

17 Since then, DNPôs properties as a mitochondrial uncoupler have been studied extensively, with 

one report demonstrating its ability to lower circulating glucose, insulin levels, and increase 

lifespan in mice compared to control.11 Furthermore, mice treated with DNP exhibited decreased 

reactive oxygen species (ROS)-mediated damage and lowered protein and lipid oxidation 



28 

 

compared to control groups. Decreased ROS damage directly correlates with antiaging and 

protective properties of neurological and hepatic systems.11, 18-20 Additionally, DNPôs negative 

side-effects have also been mainly attributed to its ability to depolarize the plasma membrane.21, 22 

Although several modifications and formulations of DNP have been done to lower overall toxicity, 

they do not remove its unwanted off-target effects.23, 24 Since DNPôs discovery, several 

mitochondrial uncouplers have been discovered such as FCCP 1.9. FCCP is vastly more potent 

and efficacious compared to DNP, and is primarily used for determining mitochondrial function 

in vitro.12, 13 Although FCCP is a highly potent and efficacious mitochondrial uncoupler, it has a 

narrow therapeutic index due to also being non-mitochondrial uncoupling specific.13, 25 

Depolarization of the plasma membrane was a common feature among all mitochondrial 

uncouplers and greatly hindered any therapeutic potential for decades.  

Our group has previously reported the novel mitochondrial uncoupler BAM15 2.1 

(Figure 2.1).26 BAM15 was discovered in a high-throughput screening of the Apexscreen 5040 

library for uncoupling activity, which was determined as a function of oxygen consumption rate 

(OCR) in cells using the Agilent Seahorse XF analyzer.26 In this assay, L6 rat myoblasts were 

treated with increasing concentrations of the desired compound over a 90-minute time period. 

Uncoupling activity efficacy of tested compounds directly correlates with the increase in OCR. 

 

Figure 2.1. BAM15 as a mitochondrial uncoupler. Reused with permission under Creative 

Commons Attribution 3.0 License from reference 26.  

Figure 2.1. BAM15 as a mitochondrial uncoupler.1 
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BAM15 was found to be highly potent with an EC50 of 270 nM and increased respiration rates 

similar to FCCP 1.9 in vitro. As seen in Figure 2.2, BAM15 exhibits a slower decline in OCR 

than FCCP in vitro over a concentration range (up to 50 µM), signifying a wider therapeutic 

index. Moreover, whole cell voltage and current clamp recordings were performed to determine 

whether BAM15 depolarized the plasma membrane similarly to FCCP. It was discovered that, 

unlike FCCP and other mitochondrial uncouplers before it, BAM15 did not depolarize the 

plasma membrane.26 

In previous work, we performed a structure activity relationship (SAR) study with BAM15 

and found that the furazan, pyrazine, and aniline moieties were required for uncoupling activity 

(Figure 2.3).27 The N-H bond in BAM15 enables efficient mitochondrial uncoupling as a result of 

 

Figure 2.3. Components of BAM15. Reused (adapted) with permission from reference 27. 

 

 

Figure 2.2. Comparison of FCCP and BAM15. Reused with permission under Creative 

Commons Attribution 3.0 License from reference 26.  
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electron delocalization throughout the rings upon deprotonation. Due to the electron withdrawing 

property of the furazan ring, we rationalized that when it was removed (Figure 2.4), the decrease 

in N-H acidity resulted in loss of uncoupling activity. Thus, by fine-tuning the electronic properties 

of the aniline ring, the acidity of the N-H can be restored. Assuming the physicochemical 

properties of the molecule is retained, the new analogs can give rise to potent mitochondrial 

uncouplers that can donate H+ into the mitochondrial matrix and cycle back in the inner membrane 

space via resonance and hydrogen bond stabilized anion. Therefore, we performed a structure-

activity investigation of the pyrazine core with a variety of aniline substituents (Figure 2.4).28 

2.4  Results and Discussion 

 

As shown in Scheme 2.1, compounds 2a-2o were synthesized using Buchwald-Hartwig 

amination conditions with Pd(dba)2 as the transition-metal catalyst.27  Among these analogs, we 

found that compounds 2.5e and 2.5k rapidly degraded in solution and thus were used immediately  

 

Figure 2.4. This work, SAR study on the importance of the furazan head group on BAM15. 

Reused with permission from reference 28.  
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for in vitro assays. With the desired compounds in hand, we tested their mitochondrial uncoupling 

capacity using oxygen consumption rate (OCR) as previously described (Table 2.1). 

Moving the fluorine from the 2-position  2.1 to the 2/3-positions in 2.5a and 2.5b resulted 

in no uncoupling activity. To increase the electron deficiency of the aniline ring, disubstituted 

groups containing fluorine atoms 2.5c and 2.5d were synthesized. Unfortunately, these 

compounds were found to also exhibit no appreciable activity. We then tested the stronger electron 

withdrawing group CF3. When placed in the ortho position 2.5e, no effect was observed, but when 

relocated to the meta/para positions, 2.5f and 2.5g were found to substantially increase 

mitochondrial uncoupling to 181% and 260% of baseline respiration, respectively, and both 

compounds had an EC50 in the low micromolar range. We then incorporated an electron 

withdrawing fluorine on the ortho position as well as the placement of the CF3 group to generate 

2.5h-2.5i. These analogs further attenuate the electron density of the aniline ring. However, neither 

maneuver improved the compoundôs activity. Stronger electron withdrawing groups were explored 

with disubstitution with CF3 in both meta positions in 2.5j, but it was found to have reduced 

potency and efficacy compared to the monosubstituted derivatives. Since low tolerance of 

disubstitution was observed and the greatest uncoupling activity was attributed to 

monosubstitution of the aniline ring with strong electron withdrawing groups, we substituted the 

CF3 for a OCF3 group. 

Scheme 2.1. Synthesis of compounds 2.5a-2.5o. 
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Scheme 2.1. Synthesis of compounds 2.5a-2.5o. 
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Table 2.1. Oxygen consumption rate activities of 2.5a-2.5o in rat L6 myoblasts.a 

 

 
Compound R1 R2 R3 R4 EC50

 (µM) Max OCR% ClogPb 

 2.1 F - - - - N/Ac 5.33 

 2.5a - F - - - 106 ± 5 5.33 

 2.5b - - F - - 101 ± 2 5.33 

 2.5c F F - - - 108 ± 3 5.64 

 2.5d F - F - - 109 ± 8 5.64 

 2.5e CF3 - - - - 104 ± 2 6.86 

 2.5f - CF3 - - 3.0 181 ± 10 6.86 

 2.5g - - CF3 - 2.5 260 ± 11 6.86 

 2.5h F - CF3 - 8.5 164 ± 9 7.18 

 2.5i F - - CF3 - 100 ± 3 7.18 

 2.5j - CF3 - CF3 17 148 ± 3 8.68 

 2.5k OCF3 - - - - 114 ± 5 7.07 

 2.5l - OCF3 - - 12 343 ± 31 7.07 

 2.5m - - OCF3 - 5.9 258 ± 9 7.07 

 2.5n OMe - - - - 102 ± 2 4.85 

 2.5o - OMe - - - 101 ± 3 4.85 

a Cellular oxygen consumption rates following a dose response of 0.01ï50 µM were normalized 

from 0% to 100% and subjected to nonlinear regression analysis to obtain EC50 and 95% 

confidence intervals. b ClogP values calculated using PerkinElmer Chemdraw professional. c  

 

When the OCF3 group was ortho (2.5k), no activity was observed but when positioned in the 

meta or para positions (2.5l and 2.5m), uncoupling activity was elicited with 343% and 258% max 

OCR, respectively, although with slightly reduced potency. For completeness sake, electron 

donating groups were briefly explored with 2-methoxy and 3-methoxy substituents but were found 
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to be inactive likely because the acidity of the N-H group is out of range. These studies indicate 

that monosubstituted strong electron withdrawing groups on the ortho position are not tolerated 

but meta or para substitutions are preferred. Evaluating lipophilicity impact on uncoupling activity 

elucidated a key ClogP range of 6.9-7.1 for the anilinopyrazine series when calculated with 

PerkinElmer Chemdraw. The properties of ClogP and acidity of the molecules synergistically 

attribute to their as mitochondrial uncouplers. 

We next investigated the effect of substitution pattern on the pyrazine core with a variety of 

aniline derivatives. Following Buchwald-Hartwig conditions 2,6 and 2,5 structural isomers 2.7a-

2.7d and 2.9a-2.10d were synthesized (Schemes 2.2 and 2.3).  

Utilizing the best substituent groups from Table 2.1, 2.7a-2.7d, and 2.9a-2.9d were tested for 

their uncoupling activity and listed in Table 2.2. All 2,6 structural isomers were found to exhibit 

no uncoupling activity independent of the positioning of monosubstituted CF3/OCF3 groups or 

disubstitution. Only a single 2,5 structural isomer 2.9c displayed uncoupling activity with the meta 

CF3 but only at high concentrations and therefore a low potency compound. 

Scheme 2.2. Synthesis of compounds 2.7a-2.7d. 

 

Scheme 2.3. Synthesis of compounds 2.9a-2.9d. 
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Table 2.2. Oxygen consumption rate activities of 2.7a-2.7d & 2.9a-2.9d in rat L6 myoblasts.a 

 

 Compound R1 R2 R3 EC50
 (µM) Max OCR% ClogPb 

 2.7a OCF3 - - - 105 ± 1 7.07 

 2.7b - OCF3 - - 107 ± 1 7.07 

 2.7c - CF3 - - 103 ± 1 6.86 

 2.7d CF3 - CF3 - 105 ± 1 8.68 

 2.9a OCF3 - - - 101 ± 1 7.07 

 2.9b - OCF3 - - 102 ± 1 7.07 

 2.9c CF3 - - - 140 ± 6 6.86 

 2.9d - CF3 - - 107 ± 2 6.86 

a Cellular oxygen consumption rates following a dose response of 0.01ï50 µM were normalized 

from 0% to 100% and subjected to nonlinear regression analysis to obtain EC50 and 95% 

confidence intervals. b ClogP values calculated using PerkinElmer Chemdraw professional. 

 

To increase electron withdrawing capacity, we replaced the pyrazine with a triazine core. 2,4,6-

Trisubstituted triazines 2.11a-2.11f were synthesized using a previously reported microwave-

assisted nucleophilic aromatic substitution with cyanuric chloride and respective anilines (Scheme 

Scheme 2.4. Synthesis of compounds 2.11a-2.11f. 
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2.4).29 The mitochondrial uncoupling activity of these compounds are shown in Table 2.3. 

Unfortunately, none of these derivatives demonstrated improved OCR activity.  

As described above, a key feature of anilinopyrazine derivatives as mitochondrial 

uncouplers is their ability to delocalize the resulting negative charge across aryl rings as well as 

stabilizing an internal hydrogen bond. We hypothesized that total loss of activity of 2.7a-2.7d, 

2.9a-2.9d and 2.11a-2.11f could be attributed to the loss of N-H hydrogen bond as in all cases; the 

positioning of the aniline rings are one carbon removed necessarily negating all potential for 

additional stabilization. Illustration of the N-H hydrogen bond can be seen in Figure 2.4. 

Table 2.3. Oxygen consumption rate activities of 2.11a-2.11f in rat L6 myoblasts.a 

 

 Compound R1 R2 R3 EC50 (µM) Max OCR% ClogPb 

 2.11a F - - - 102 ± 3 7.49 

 2.11b - CF3 - - 103 ± 3 9.74 

 2.11c - - CF3 - 100 ± 1 9.74 

 2.11d OMe - - - 103 ± 2 6.8 

 2.11e - OMe - - 103 ± 1 6.8 

 2.11f - - OMe - 104 ± 6 6.8 

a Cellular oxygen consumption rates following a dose response of 0.01ï50 µM were normalized 

from 0% to 100% and subjected to nonlinear regression analysis to obtain EC50 and 95% 

confidence intervals. b ClogP values calculated using PerkinElmer Chemdraw professional. 

 

2.5  Conclusions 

 

In conclusion, we performed a structure-activity profiling of disubstituted 

anilinopyrazines as mitochondrial uncouplers using OCR as a read-out for their activity. Our 

work suggests that a trifluoromethyl group is best at the para position while the trifluoromethoxy 
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group is preferred in the meta position of the aniline rings of 2,3-substituted pyrazines. The 

electron withdrawing effect of the trifluoromethoxy group on the meta versus para position is 

supported by the sigma values: 0.48 and 0.37, respectively.30 Furthermore, our studies suggest 

that an internal hydrogen bond that results in stabilization of the negative charge as the 

compound tunnels through the mitochondrial inner membrane from the mitochondrial matrix is a 

key feature for mitochondrial uncoupling activity.  
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Chapter 3: Structure-Activity Relationship Study of 6-Amino-[1,2,5]Oxadiazolo[3,4-

b]Pyridin -5-ol Derivatives as Efficacious Mitochondrial Uncouplers in the Prevention of 

Diet-Induced Obesity 

3.1  Contributions   
 

This chapter is an adaption of a manuscript currently being written by the author, Ariel L. 

Burgio, Stefan R. Hargett, Christopher J. Garcia, Martina Beretta, Sing-Young Chen, Divya P. 

Shah, Stephanie J. Alexopoulous, Ellen M. Olzomer, Simon P. Tucker, Kyle L. Hoehn, and 

Webster L. Santos to be published in a peer-reviewed journal. Ariel Burgio was responsible for 

the synthesis of 3.8c, 3.8e, 3.8f, and 3.8ag. Christopher Garcia aided in the synthesis and 

characterization of 3.11a-3.11g. The rest were synthesized and characterized by the author. All 

biological studies were performed by Stefan R. Hargett from the University of Virginia, Martina 

Beretta, Sing-Young Chen, Divya P. Shah, Stephanie J. Alexopoulous, and Ellen M. Olzomer at 

the University of New South Wales. 
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3.2  Abstract  

 

Small molecule mitochondrial uncouplers have recently gained recognition as potential 

treatments of non-alcoholic steatohepatitis (NASH), aging, neurological diseases, diabetes and 

obesity. We previously reported SHS4121705, a hydroxyl derivative of the mitochondrial selective 

uncoupler BAM15, that demonstrated efficacy in the Stelic animal model (STAM) mouse model 

of NASH. In this study, we examined the structural and electronic effects of replacing the pyrazine-

furazan core with a pyridine-furazan group to determine impacts on efficacy, potency and 

physiochemical properties. We also investigated the preference of different structural isomers on 

the aniline tail group and their impact on in vitro activity and half-lives in vivo.  We found that 

derivatives with substitutions of electron withdrawing groups (EWG) in the 2,5-position on the 

aniline ring exhibited the greatest uncoupling activity compared to other structural isomers. 

Several of the most promising compounds tested in vitro exhibited good oral bioavailability in 

mice with ranges in Cmax of 10-90 µM and t1/2 of 0.9 to >24 hours. We found that derivatives with 

strong EWGs on the 4-position of the aniline ring exhibited the longest t1/2, indicating this position 

as the primary site for metabolic lability. In particular, the pentafluoro derivative SHM20519115 

demonstrated mild uncoupling activity with an EC50 of 17.1 µM in L6 myoblast cells and excellent 

oral bioavailability with broad tissue distribution in mice. In an obesity prevention study, mice fed 

western diet and administered SHM20519115 in food prevented fat mass gain by 59% when 

compared to mice fed western diet (WD) only. Weight loss was not associated with lean mass. 

Importantly, no changes in body temperature or food intake were observed. SHM20519115 was 

also efficacious in preventing glucose intolerance and insulin resistance in mice. Taken together, 

our findings demonstrate the therapeutic potential of mitochondrial uncouplers for the treatment 

of obesity and metabolic disorders.  
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3.3  Introduction  
 

Moderate mitochondrial uncoupling has shown beneficial effects in treating obesity,1-3 

neurological diseases,4-7 NASH,8, 9, 10 aging,1, 11-13 and diabetes.14-16 Our group previously reported 

BAM15 (2.1) as a highly potent uncoupler with mitochondria specificity and a wide therapeutic 

window.17 BAM15 was shown to be non-toxic at high doses (>100 mg/kg) and to primarily 

localize within liver tissue followed by kidney, WAT, Brain, and heart tissues in mice. Moreover, 

BAM15 demonstrated efficacy in a mouse obesity prevention and reversal studies.3 Therapeutic 

limitations to BAM15 can be attributed to its short half-life (1.7 h) in vivo.  

Subsequent structure-activity relationship studies of BAM15 elucidated the importance of 

the furazan, pyrazine, and aniline moieties for uncoupling activity.18,19 The highly conjugated 

structure of BAM15 allows for efficient permeation between the inner membrane and matrix due 

to its ability to disperse the negative charge upon deprotonation. Modifications to the aniline 

groups of BAM15 resulted in a wide variety of potent and efficacious MUs although, poor 

solubility and PK in vivo remained unchanged.9 We hypothesized that by replacing one aniline 

ring with a hydroxyl group, the overall acidity could be maintained while addressing the 

physiochemical limitations in vivo.  

We recently discovered a new series of 6-amino-[1,2,5]oxadiazolo[3,4-b]pyrazin-5-ol 

derivatives that exhibited greatly improved PK properties in vivo compared to BAM15.8 A 

structure activity-relationship study elucidated the tolerance of substituted EWG/EDG on the 

aniline ring and the necessary presence of the furazan head group for uncoupling activity. Notably, 

we reported the novel mitochondrial uncoupler SHS4121705 (3.1) that demonstrated efficacy in a 

STAM mouse model of NASH and found to elicit a 2-point improvement in NAS score compared 

to vehicle control, with a complete reduction in both steatosis and ballooning (Figure 3.1).8 
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Importantly, administration of SHS4121705 resulted in no lean mass loss and was found to be 

predominantly liver localized.8 We hypothesized that predominant liver localization gives 

SHS4121705 its exceptional efficacy in treating NASH. Designing a MU that has broader 

distribution in adipose tissue while retaining SHS4121705 and like-derivatives with efficacy, 

potency, and PK properties could result in a more appropriate treatment for obesity.    

We have yet to investigate modifications to the pyrazine core and its effect on uncoupling 

activity in vitro and in vivo. We hypothesize that substituting the pyrazine core for a pyridine 

would increase overall lipophilicity (change of approximately +0.5 cLogP calculated using 

PerkinElmer Chemdraw professional) of the compound while also reducing the acidity of the labile 

O-H bond used as the proton source for mitochondrial uncoupling (Figure 3.2). We hypothesized 

that a decrease in acidity may reveal new MUs with milder uncoupling activity amenable to 

chronic dosing and an increase of lipophilicity may result in greater adipose tissue distribution in 

vivo. Additionally, unlike the pyrazine core, the asymmetry in the pyridine opens the opportunity 

 

Figure 3.1.  Previous work, SHS4121705 demonstrated 2 point NAS improvement in mice. 

Reused (adapted) with permission from reference 8. Copyright 2020 American Chemical 

Society 

 

 

 

Figure 3.1.  Previous work, SHS4121705 demonstrated 2 point NAS improvement in mice. 
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for the placement of the alcohol at either 2- or 3-positions. In this study, we investigate this 

difference in uncoupling activity for each structural isomer as well as substitution pattern 

preference.  

3.4  Results and Discussion 
 

The synthesis of compounds 3.8a-3.8ay is shown in Scheme 3.1. Commercially available 

6-chloro-3-nitropyridin-2-amine (3.2) was chlorinated utilizing N-chlorosuccinimide in acetic acid 

to afford dichloropyridine 3.3 in 88% yield. Treatment with phenyliodine(III) diacetate (PIDA) 

facilitated the cyclization to afford the corresponding furazan N-oxide 3.4. Subsequent reduction 

of 3.4 with triphenyl phosphine afforded dichlorofurazanopyridine 3.5 in 80% yield. A methyl 

ether was installed using sodium methoxide to afford common intermediate 3.6 in 89% yield. 

Finally, various aniline derivatives were installed through a Pd-catalyzed Buchwald-Hartwig 

amination reaction to generate methoxy/aniline bearing intermediates 3.7a-3.7ay, which provided 

the desired hydroxy anilines 3.8a-3.8ay after treatment with K2CO3 in a 1:1 dioxane:water mixture 

at 110 °C. 

The initial conditions for the cross couplings surprisingly gave undesired product N-methyl 

pyridine 3.9 (Scheme 3.2). When the reactions were performed at 110 °C, we observed the 

formation of an undesired thermodynamic N-Alkylated rearrangement products especially with 

electron deficient anilines. On monitoring the reaction, the desired O-alkylated methoxy 

 
Figure 3.2. Structure-activity relationship study on the importance of the pyrazine core in 

SHS4121705 derivatives. 

 

 
Figure 3.2. Structure-activity relationship study on the importance of the pyrazine core in 

SHS4121705 derivatives. 



46 

 

compound was kinetically favored but over time would convert fully to the undesired N-alkylated 

product. To determine the cause of this transformation, we subjected 3.7ax to each reagent 

independently under identical reaction conditions while monitoring reaction progress via GC/MS. 

We found that Xantphos was responsible for the transformation of O-alkylated product 3.7ax to 

the N-alkylated product 3.9. Consistent with reported methods to N-alkylate pyridines, we 

hypothesized that a methylated phosphonium intermediate is formed in situ that catalyzed the 1,3-

methyl migration.20, 21 To circumvent this issue, we optimized the reaction and found that a 

reaction temperature of 85 °C promoted the greatest yield of desired product.  

Purification of final compounds was achieved via precipitation and recrystallization from 

acetone and hexanes to afford analytically pure product. To verify that the free alcohol was crucial 

for uncoupling activity, several o-alkylated intermediates 3.7a-3.7ay were examined in vitro and  

Scheme 3.2. Transformation of 3.7ax to 3.9.a 

 

aReagents and conditions: (a) XantPhos, Dioxane, 110 °C, 16 h, monitored via 

GCMS. 

 

Scheme 3.2. Transformation of 3.7ax to 3.9. Reagents and conditions: (a) XantPhos, 

Dioxane, 110 °C, 16 h, monitored via GCMS 

 

Scheme 3.1. Synthesis of 3.8a-3.8ay.a 

 

aReagents and conditions: (a) NCS, Acetic Acid, 100 °C 2 h, 88%; (b) PIDA, Acetone, 80 °C, 

16 h, 74%; (c) PPh3, THF, 0 °C ï rt, 15 min., 80%; (d) NaOMe, THF, rt, 1 h, 89%; (e) 

Pd2(dba)3, XantPhos, Aniline, K2CO3, Dioxane, 85 °C ï 110 °C, 16 h 15-88%; (f) Na2CO3, 

1:1 Water/Dioxane, 110 °C, 2-16 h 20-98%.  
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found to exhibit no mitochondrial uncoupling activity. This further suggests the free alcoholôs 

essential role as the protonophore for uncoupling activity.  

All compounds were tested for mitochondrial uncoupling activity as a function of oxygen 

consumption rate (OCR) in L6 rat myoblast cells using the Agilent Seahorse XF analyzer.17 In this 

assay, L6 myoblasts were treated with increasing concentrations of the desired compound over a 

90-minute time period. The uncoupling activity of tested compounds directly correlates with the 

increase in OCR. Variability in OCR between each experiment can be attributed to variability in 

cell density. To mitigate this issue, we added BAM15 during each experiment as a positive control, 

and normalized each trial by comparing area under the curve proportional to BAM15 (%BAM15 

OCR). Low uncoupling activity (<10 %BAM15 OCR) may be due to poor efficacy and/or toxicity 

at higher concentrations. Half maximal effective concentration (EC50) was measured based on the 

maximum OCR% of each individual analog. Higher %BAM15 OCR directly correlates with 

greater efficacy while lower EC50 determines greater potency.  Utilizing these criteria, the data for 

tested compounds are reported in Tables 3.1-3.4. 

Since we hypothesized that substituting the pyrazine core for a pyridine would result in 

reduced acidity of the O-H bond, we sought to first examine more electron deficient anilines. By 

increasing electron deficiency of the aniline ring, we will reduce the electron donating effect of 

Scheme 3.2. Transformation of 3.7ax to 3.9.a 

 

aReagents and conditions: (a) XantPhos, Dioxane, 110 °C, 16 h, monitored via GCMS. 
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Dioxane, 110 °C, 16 h, monitored via GCMS 

 

Scheme 3.2. Transformation of 3.7ax to 3.9. Reagents and conditions: (a) XantPhos, 

Dioxane, 110 °C, 16 h, monitored via GCMS 
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the N-H into the pyridine ring and therefore increase the acidity of the O-H bond.  We started by 

examining slightly electron deficient anilines with mono substituted fluorines. As shown in Table 

3.1, monofluorinated compounds were found to exhibit minimal activity when placed in the meta 

and para positions in 3.8b and 3.8c. We then increased the number of fluorine atoms to further 

decrease the aniline electron density, which is expected to impact the pKa. Difluorinated analogs 

3.8d-3.8i examined all possible substitution patterns and the OCR activity ranged from negligible 

to 24% of BAM15 activity. Among these analogs, compound 3.8i was the most effective with an 

EC50 of 4.3 µM. Interestingly, the fluorine atoms are on the meta position relative to nitrogen in 

3.8i suggesting the dominance of inductive over resonance effect of fluorine. Consistent with this 

observation, 3,4,5-trifluoroaniline 3.8l had a similar OCR activity (21% of BAM15 and EC50 of 

2.6 µM) whereas the other isomers (3.8j and 3.8k) had significantly lower activity. Further 

increase in electron deficiency in pentafluoroaniline 3.8m (SHM20519115) afforded the most 

efficacious analog in the series with a 48% BAM15 OCR and EC50 of 17 µM. Overall, we 

discovered that the 2,5-difluorinated aniline derivatives resulted in the greatest activity among 

disubstituted structural isomers. We also found that increasing the electron deficiency of the 

aniline by increasing the number of fluorines resulted in greater overall activity.   

 Following these promising results, we expanded the SAR to include more electron deficient 

aniline rings and investigated their uncoupling activity (Table 3.2). Initially, we examined 

monosubstituted trifluoromethyl anilines and discovered that all positions in 3.8n, 3.8o, and 3.8p 

exhibited activity with the 4-position exhibiting the greatest activity. To further increase electron 

deficiency, placement of a fluorine in the 2-position while placing the CF3 in the 3- and 4-positions 

resulted in reduced efficacy in 3.8q and 3.8r. Shifting the CF3 group into the 5-position in 3.8s 

resulted in a great increase in OCR activity to 54% with an EC50 of 1.45 µM. On the other hand, 
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the 2-fluoro-6-trifluoromethylaniline 3.8t exhibited minimal activity. Examinations of the 3,4- and 

3,5- arrangements of F/CF3 were found to have minimal difference and demonstrated low activity 

(3.8u and 3.8v).   

 

Table 3.1. Oxygen consumption rates of 3.8a-3.8m in L6 rat myoblast cells. 

 

Entry  R 

% of 

BAM15 

OCRa 

EC50, µM Entry  R 

% of 

BAM15 

OCRa 

EC50, µM 

BAM15 - 

Maximum 

OCR 

Capacity 

0.31 ± 0.06  3.8g  

 

6 NA 

 3.8a 

 

- NA 3.8h  

 

17 4.2 ± 0.7 

3.8b  

 

3 NA 3.8i  

 

24 4.3 ± 0.8 

3.8c 

  

6 NA 
 

3.8j  
 

2 NA 

3.8d  

 

3 NA 3.8k  

 

14 41.7 ± 9.5 

3.8e  

 

NA NA 3.8l  

 

21 2.6 ± 0.3 

3.8f  

 

27 19.9 ± 9.0 
3.8m  

(SHM20519115)  
 

48 17.1 ± 1.9 

a Ratio of integrated area under OCR dose curve above baseline relative to that of BAM15 from the same 

experiment expressed as percent. NA = No Activity.  
b Highest tested concentration is 200 µM. BAM15 was tested up to 200 µM. 
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We then investigated the effect of placing the CF3 group in the 2-position of the aniline 

ring with different positional arrangements of fluorine. We found that when the CF3 was placed in 

the 2-position, all compounds exhibited greater improvement in activity over their 2-positioned 

fluorine structural isomers in 3.8w and 3.8x compared to 3.8q and 3.8r. When the 2,5- arrangement 

in 3.8y was examined, it was found to have the greatest activity (53% BAM15 OCR). Overall, the 

2-positioned CF3 derivatives were found to have greater overall efficacy and retained good potency 

compared to 2-positioned fluorine structural isomers. Moreover, we observed the third instance 

where the 2,5-disubstituted positioning was favored over other structural isomers and exhibited 

the greatest efficacy of each set (3.8f, 3.8s, and 3.8y).  

We next sought to explore the trifluoromethoxy moiety and examine whether a similar 

pattern arose. Monosubstitution on the aniline ring demonstrated only tolerance in the meta (3.8aa) 

and para (3.8ab) positions but were overall more potent than CF3 groups. Placement of a fluorine 

in the 2-position while shifting the OCF3 gave varying results. A 2,3-disubstitution (3.8ac) 

exhibited mild activity; however, when arranged in the 2,4-position (3.8ad), the activity was 

reduced. Consistent with previous results, we found that the 2,5-positioning was also observed 

most favorable (3.8ae). Similar to the CF3 modifications, we examined placement of the OCF3 in 

the 2-position while moving the fluorine around the aniline ring. We found that 2-positioned OCF3 

derivatives exhibited overall lower activity than other structural isomers and were toxic at higher 

concentrations (3.8af and 3.8ag). Finally, we examined the 3,4- and 3,5-disubstitued F/OCF3 

derivatives (3.8ah and 3.8ai, respectively) and found that they displayed minimal to moderate 

activity. 
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Table 3.2. Oxygen consumption rates of 3.8n-3.8ai in L6 rat myoblast cells. 

 

Entry  R 

% of 

BAM15 

OCRa 

EC50, µM Entry  R 

% of 

BAM15 

OCRa 

EC50, µM 

3.8n  

 

20 13.9 ± 4.4 3.8y  

 

53 7.8 ± 1.1 

3.8o  

 

14 1.6 ± 0.7 3.8z  

  

NA NA 

3.8p  

 

28 6.9 ± 1.2 3.8aa  

 

17 4.6 ± 2.9 

3.8q  

 

3 NA 3.8ab  

 

14 1.7 ± 0.3 

3.8r  

 

9 NA 3.8ac  

 

30 1.2 ± 0.2 

3.8s  

 

54 1.5 ± 0.4 3.8ad  

 

11 1.5 ± 0.4 

3.8t  

 

10 53.2 ± 13.7 3.8ae  

 

59 3.4 ± 1.7 

3.8u  

 

10 0.8 ± 0.1 3.8af  

 

14 2.7 ± 0.4 

 

3.8v  
 

11 0.8 ± 0.2 3.8ag  

 

13 1.4 ± 0.4 

3.8w  

 

26 4.9 ± 0.7 3.8ah  

 

25 2.4 ± 0.3 
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3.8x  
 

29 5.1 ± 0.6 3.8ai  

 

6 NA 

a Ratio of integrated area under OCR dose curve above baseline relative to that of BAM15 from the same 

experiment expressed as percent. NA = No Activity.   
b Highest tested concentration is 200 µM. BAM15 was tested up to 200 µM. 

 

We next investigated the effect of substitution of more electron deficient analogs using a 

combination of CF3/CF3 and CF3/OCF3 groups installed on the aniline ring (Table 3.3). Moderate 

activity was observed with disubstituted CF3 groups and, as previous, the 2,5-position pattern 

(3.8aj) again had the greatest efficacy compared to other structural isomers (3.8ak, 3.8al, 3.8am 

and 3.8an). When combinations of CF3/OCF3 were used, good efficacy and potency were observed 

3.8ao and 3.8ap. We then investigated trisubstitution in 2,4-difluoro-5-trifluomethyl (3.8aq) and 

2,4-difluoro-5-trifluomethoxy (3.8ar) derivatives and determined that both exhibited good 

efficacy and excellent potency. Lastly, we tested compounds other electron withdrawing groups 

such as trifluoromethylsulfonyl moiety and found that when placed in the para position moderate 

activity (3.8au). We also investigated the SF5 electron withdrawing group, which demonstrated 

activity in the meta (3.8av) and para (3.8aw) position but were toxic at higher concentrations. 

Finally, the OCF2CHF2 group in the para position 3.8ax and a pyridine 3.8ay; the latter only had 

moderate activity. 

To confirm that electron deficient compounds performed best, several electron rich anilines 

were also prepared and, as expected, showed no uncoupling activity (3.8az-3.8bb). 
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Table 3.3. Oxygen consumption rates of 3.8aj-3.8ay in L6 rat myoblast cells. 

 

Entr y R 

% of 

BAM15 

OCRa 

EC50, µM Entry  R 

% of 

BAM15 

OCRa 

EC50, µM 

3.8aj  

 

11 1.8 ± 0.3 3.8ar  

 

58 2.0 ± 0.2 

3.8ak  

 

34 1.1 ± 0.1 3.8as  

 

NA NA 

3.8al  

 

72 2.0 ± 0.4 3.8at  

 

13 >100 

3.8am  

 

10 0.9 ± 0.2 3.8au  

 

25 1.1 ± 0.2 

3.8an  

 

35 1.7 ± 0.3 3.8av  

 

20 1.3 ± 0.7 

3.8ao  

 

57 3.1 ± 0.6 3.8aw  

 

4 0.7 ± 0.1 

3.8ap  

 

45 3.7 ± 1.3 3.8ax  

 

NA NA 

3.8aq  

 

51 3.0 ± 0.6 3.8ay  

 

26 20.1 ± 1.8 

a Ratio of integrated area under OCR dose curve above baseline relative to that of BAM15 from the same 

experiment expressed as percent. NA = No Activity.  
b Highest tested concentration is 200 µM. BAM15 was tested up to 200 µM. 
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We next switched the position of the hydroxyl group relative to nitrogen of the pyridine 

ring and examined the effect in mediating uncoupling activity. These compounds were synthesized 

according to Scheme 3.3.  Starting with common intermediate 3.5, a nucleophilic aromatic 

substitution using various anilines afforded 3.10a-3.10g. Treatment with KOH at high 

temperatures provided the desired products 3.11a-3.11g. Unfortunately, these derivatives were 

found to have minimal to no activity (Table 3.4). Proximity of the alcohol to the pyridine nitrogen 

appears to be paramount for compounds to exhibit uncoupling activity.  

Derivatives that exhibited desirable in vitro properties were selected and evaluated to 

determine their pharmacokinetic properties. These compounds were administered to C57BL/6 

male mice via oral gavage at 10 mg/kg doses. As shown in Table 3.5, the 6-amino-

[1,2,5]oxadiazolo[3,4-b]pyridin-5-ol derivatives had half-lives ranging from 1 to >24 h. We 

observed that compounds where the 4-position of the aniline ring is blocked with either a 

fluorine, trifluoromethoxy, (3.8m, 3.8ah, 3.8ao, and 3.8ap) and trifluoromethylsulfonyl (3.8au) 

had half-lives of  >2h. Anilines have been known to undergo o/p-hydroxylation as a primary 

pathway of metabolism by CYP2E1 in mammals.22-24 Compound 3.8ao, which has both the ortho 

and para positions blocked, had the longest half-life of >24 hours. 

 

Scheme 3.3. Synthesis of 3.11a-3.11g.a 

 

aReagents and conditions: (a) Aniline, THF, 70 °C, 16 h 46-99%; (b) KOH, Dioxane/H2O 

(2:1), 100 °C, 16 h. 10-27% 
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Table 3.4. Oxygen consumption rates of 3.11a-3.11g in L6 rat myoblast cells. 

 

Entry  R 

% of 

BAM15 

OCRa 

EC50, µM Entry  R 

% of 

BAM15 

OCRa 

EC50, µM 

3.11a 

 

NA - 3.11e 

 

NA - 

3.11b 

 

NA - 3.11f 

 

29 >100 

3.11c 

 

17 >100 3.11g 

 

NA - 

3.11d 

 

NA -     

        

a Ratio of integrated area under OCR dose curve above baseline relative to that of BAM15 from the same 

experiment expressed as percent. NA = No Activity.  
b Highest tested concentration is 200 µM. BAM15 was tested up to 200 µM. 
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Table 3.5. Pharmacokinetic profile of select analogs in mice.a 

Compound Structure Cmax (µM) t1/2 (h) 

3.8m 

(SHM20519115) 

 

57 4.4 

3.8y 

 

46 1.0 

3.8ah 
 

14 2.9 

3.8al 

 

29 2.2 

3.8ao 

 

10 >24 

3.8ap 

 

19 9.5 

3.8au 

 

35 3.6 

 a Compounds were administered at 10 mg/kg body weight by oral 

gavage to C57BL/6 male mice. Plasma samples collected over 8-24 h 

were analyzed by LC-MS/MS. Cmax = maximal plasma concentration. 

t1/2 = half-life. 
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Due to favorable in vitro and in vivo pharmacokinetic profile, derivative 3.8m 

(SHM20519115) was chosen as a suitable candidate for in vivo efficacy study in an obesity 

prevention mouse model (Figure 3.3). In vivo efficacy was determined using an obesity 

prevention mouse model, as described before.3 Briefly, over the course of 14 days mice were 

separated into 3 groups that were fed a chow diet, western diet (WD), and WD with 

SHM20519115 at a dose of 130 mg/kg. During the experiment, food intake was monitored and 

SHM20519115 showed no effect on food consumption (2.5±0.3 g/mouse/day) as compared to 

WD controls (2.5±0.5 g/mouse/day). Body composition was determined via echoMRI every 3-5 

days and daily body weight was measured. Mice fed the WD were found to gain 3.3 g of fat 

mass at the end of the experiment with the chow diet only gaining 0.4 g. Supplementing 

SHM20519115 with WD fed mice prevented 59% mass gain compared to WD group, resulting 

in an increase of 1.4 g of fat mass without affecting fat-free lean mass (Figure 3.4). Additionally, 

 

 

Figure 3.3. Pharmacokinetics of compound SHM20519115. Pharmacokinetic properties of 

SHM20519115 administered to Swiss Albino male mice by oral gavage at 10 mg/kg (n=3). 

Values are represented as mean ± SEM. 
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SHM20519115 demonstrated efficacies in preventing diet-induced glucose intolerance and 

hyperinsulinemia (Figure 3.5). The group fed SHM20519115 admixed with WD exhibited an 

increase in glucose levels of (-1.8 mM) compared to the WD controls (+2.5 mM). Insulin levels 

were found to decrease by 0.97 ng/mL within the group treated with SHM20519115 compared 

to the increase of 0.33ng/mL in the WD controls. To determine tissue distribution of 

SHM20519115 at the end of the study, mice were sacrificed by exsanguination through direct 

cardiac puncture under isoflurane anesthesia and tissues were examined. SHM20519115 was 

 

Figure 3.4. Compound SHM20519115 prevents diet-induced obesity without altering lean 

mass. (A-B) Body weight (BW) measurements (A) over time and (B) represented as grams 

gained during the study. (C-F) Fat and lean mass (fat-free mass) measurements, represented 

(C,E) over time and (D,F) as grams at the end of the study. Values are represented as mean ± 

SEM, n=5-7. *indicates p<0.05 compared to Western diet (WD), determined by one-way 

ANOVA followed by Dunnettôs multiple comparison test or Kruskal-Wallis test for 

nonparametric data. 
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found to exhibit broad tissue distribution in liver, white adipose tissue, brown adipose tissue and 

kidney, which demonstrates favourable profile in the context of potential therapeutic treatment of 

obesity (Figure 3.6). 

 

Figure 3.5. SHM20519115 prevents glucose intolerance and insulin resistance. (A-B) Glucose 

tolerance test (GTT) was performed (A) pre- and (B) post-treatment. (C) Change in the area 

under the curve (AUC) pre- and post-treatment. *indicates p<0.05 compared to Western diet 

(WD), determined by one-way ANOVA followed by Kruskal-Wallis test. (D) Fasting (5 hours) 

and (E) random-fed blood glucose measurements pre- and post-treatment. (F) Random-fed 

plasma insulin levels pre- and post-treatment. Values are represented as mean ± SEM, n=5-7. 

*indicates p<0.05 compared to WD, determined by two-way repeated measures ANOVA 

followed by Dunnettôs multiple comparison post hoc test. # indicates p<0.05 compared to pre-



60 

 

treatment measurements, determined by two-way repeated measures ANOVA followed by 

Sidakôs multiple comparison post hoc test. Values are represented as mean ± SEM, n=5-7.  

 

3.5  Conclusions 
 

Mitochondrial uncouplers diminish the PMF independent of ATP synthase, which 

consequently increases the rate of nutrient catabolism. The interest in mitochondrial uncouplers as 

treatment toward a myriad of metabolic diseases has grown greatly in recent years. Moreover, 

mitochondrial uncouplers have demonstrated efficacy in animal models for the treatment and 

prevention of obesity, NASH, diabetes, and stroke. In this work, we performed the structure-

activity relationship study of a new series of 6-amino-[1,2,5]oxadiazolo[3,4-b]pyridin-5-ol 

derivatives as mitochondrial uncouplers. Our investigations revealed the impact of EWG capacity 

and position on the aniline ring of substituents on both in vitro uncoupling activity and 

pharmacokinetic properties. The placement of EWGs in the 2,5 position of the aniline ring resulted 

 

Figure 3.6. Compound SHM20519115 primarily targets liver tissue. (A) Tissue distribution 

of 9115 at the end of the study (n=7). (B) Liver triglyceride (TG) lipid levels measured at the 

end of the study. * indicates p<0.05 compared to Western diet (WD) assessed by one-way 

ANOVA followed by Kruskal-Wallis test. Values are represented as mean ± SEM, n=5-7.  
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end of the study. * indicates p<0.05 compared to Western diet (WD) assessed by one-way 

ANOVA followed by Kruskal-Wallis test. Values are represented as mean ± SEM, n=5-7.  
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in an overall greater efficacy in vitro for nearly all structural isomers. Derivatives exhibited a broad 

range of physiochemical properties with half-lives from 1 h to >24 h. Moreover, we found that 

derivatives exhibited the longest half-life in vivo when both the ortho and para positions were 

blocked with metabolically stable functional groups. In particular, we discovered that 

SHM20519115 demonstrated efficacy in a mouse obesity prevention model. Mice fed with 

SHM20519115 admixed with a WD had a reduction of 59% in fat mass gain and importantly, 

demonstrated no loss of lean mass. Additionally, SHM20519115 was found to have broader 

distribution in adipose tissue than SHS4121705 promoting the potential therapeutic treatment of 

obesity. 
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Chapter 4: Experimental 

4.1 General Experimental Methods 
 

Reagents were obtained from commercial sources unless stated otherwise. Argon gas was 

acquired from Praxair Inc. with a purity of 99.999%. Solvents were degassed by bubbling argon 

for 30 minutes. THF, and DCM were dried using the Innovative Technology Pure SolvMD solvent 

purification system. Flash silica gel chromatography was performed using SiliaFlash P60 40-63 

ɛm, 60 ¡. Tubes were properly sealed under argon using a hand crimping tool. Thin layer 

chromatography was performed to determine reaction progress utilizing Silicycle aluminum 

backed silica gel F-254 plates.  

4.2 Instrumentation 
 

Agilent 400-MR 400 MHz or Varian Inova 400 MHz were used for 1H, and 19F NMR 

spectroscopic experiments. A Bruker Avance II 500 MHz was predominately utilized for 13C NMR 

spectroscopic experiments unless stated otherwise. 1H and 13C NMR spectra are referenced to an 

internal standard (acetone-d6) and all chemical shifts are reported in ŭ ppm. NMR spectra 

characterizations are presented as followed: chemical shift, multiplicity (s = singlet, d = doublet, t 

= triplet, q = quartet, dd = doublet of doublets, dt = doublet of triplets, dq = doublet of quartets, tt 

= triplet of triplets, qd = quartet of doublets, m = multiplet), coupling constants (Hz), and 

integration. HPLC and high resolution mass spectroscopy (HRMS) was performed on Thermo 

Electron TSQ triple quadrupole mass spectrometer equipped with an ESI source. HPLC condition 

1: Phenomenex LUNA column (150mm x 2.0 mm, 5 ɛm, C18) using a solvent system of 1% 

formic acid in H2O (mobile phase A) and 1% formic acid in MeCN (mobile phase B) on an Agilent 
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1100 binary pump with a gradient of 50-95% mobile phase AĄB at a flow rate of 0.2 mL/min. 

HPLC condition 2: Phenomenex Luna (150 mm x 4.5 mm, 5 ɛm, C18) using a solvent system of 

0.1% TFA (aq) (mobile phase A) and 0.1% TFA in acetonitrile (mobile phase B) on an Agilent 

1200 binary pump with a gradient of 5-95% mobile phase AĄB at a flow rate of 1.5 mL/min. 

Unless otherwise noted, HPLC condition 1 was used. All compounds tested in vitro and in vivo 

are >95% and >99% pure by HPLC respectively.  

 

4.3 Synthetic Procedures, NMR Spectra, and Characterizations of 

Compounds for Chapter 3 
 

Procedure 4.1: 5,6-dichloro-3-nitropyridin-2-amine (3.3) 

  

 Procedure similar to previously reported literature with additional purification methods1:  

6-chloro-3-nitropyridin-2-amine 3.2 (20 g, 115 mmol) and NCS (16.157 g, 121 mmol), were added 

to acetic acid (50 mL) and stirred at 100 °C. for one hour. The reaction mixture was allowed to 

cool to 50 °C, and NCS (2.000g) was added and stirred for an additional 1 hour at 100 °C. The 

acetic acid was then removed via distillation under reduced pressure. The suspension was allowed 

to cool to room temperature once more and added saturated sodium bicarbonate aq. until pH=8. 

The solid residue was filtered washed twice with water, allowed to dry on the filter and collected. 

The orange/red solid was dissolved in acetone, precipitated with water, and filtered to afford 3.3 
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as a pure yellow solid (20.4g 85%). 1H NMR (500 MHz, Acetone-d6) ŭ 8.56 (s, 1H), 7.81 (s, 2H);
 

13C NMR (126 MHz, Acetone-d6) ŭ 152.7, 151.8, 136.8, 126.9 (t, J = 4.9 Hz), 115.3. 

Procedure 4.2: 5,6-dichloro-[1,2,5]oxadiazolo[3,4-b]pyridine 1-oxide (3.4) 

 

Procedure similar to previously reported works.2 

3.3 (1.0g, 4.81 mmol) and iodobenzene diacetate (1.86g, 5.77 mmol) were added to a sealed tube 

and stirred in Acetone (20 mL) at 80 °C for 16 hours. The reaction was then concentrated under 

reduced pressure to remove the solvent, and then acetic acid was removed via distillation at 120 

°C under reduced pressure. The resulting crude product was purified by silica gel chromatography 

(0-25 % ethyl acetate / hexanes) to afford 3.4 as a yellow solid (796 mg 80%) 1H NMR (400 MHz, 

Acetone-d6) ŭ 8.52 (s, 1H); 13C NMR (126 MHz, Acetone-d6) ŭ 159.6 ï 158.6 (m), 157.6 ï 156.6 

(m), 131.9 ï 130.9 (m), 126.2 ï 122.8 (m), 109.6 ï 108.2 (m). 

Procedure 4.3: 5,6-dichloro-[1,2,5]oxadiazolo[3,4-b]pyridine (3.5) 

 

In a dry flask, 3.4 (1.0g, 14.56 mmol) was dissolved in dry DCM (50 mL) and triphenylphosphine 

(3.82 g, 14.56 mmol) was added slowly at 0 °C under argon. The mixture was allowed to warm to 

room temperature and stir for a total of 30 minutes. The reaction was concentrated under reduced 

pressure and extracted with saturated sodium bicarbonate and ethyl acetate 3X. The organic layers 

were combined, dried over anhydrous sodium sulfate, concentrated and purified via silica gel 

chromatography (hexanes:ethyl acetate 0-5%) to afford 3.5 as off white solid (1.00 g 54%). 1H 
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NMR (500 MHz, Acetone-d6) ŭ 8.90 (s, 1H).
 13C NMR (126 MHz, Acetone-d6) ŭ 158.8, 157.3, 

144.1, 134.7, 127.0. 

Procedure 4.4: 6-chloro-5-methoxy-[1,2,5]oxadiazolo[3,4-b]pyridine (3.6) 

 

In a flame dried flask, NaH (0.13 g 3.16 mmol 60% w/w dispersion) was added to dry THF (10 

mL) and allowed to stir under argon for 1 minute. Methanol (141 ɛL 3.47 mmol) in dry THF (5 

mL) was added dropwise to the mixture over a minute, and allowed to stir for 10 min. 5-3 (600 

mg, 3.16 mmol) in dry THF (5 mL) was then added dropwise to the mixture over 1 minute and 

allowed to stir for 30 minutes. The mixture was then concentrated under reduced pressure, and 

purified via flash silica gel chromatography (hexanes:ethyl acetate 0-5%) to afford 3.6 as a white 

crystalline solid (538 mg, 92%). 1H NMR (500 MHz, Acetone-d6) ŭ 8.57 (s, 1H), 4.21 (s, 3H).
 

13C NMR (126 MHz, Acetone-d6) ŭ 162.9, 157.0, 143.4, 129.8, 126.1, 56.8. 

General Procedure 4.5 

A sealed vial containing Pd2dba3 (0.1 equiv.), Xantphos (0.2 equiv.), 6-chloro-5-methoxy-

[l,2,5]oxadiazolo[3,4-b]pyridine (1.0 equiv.) and K2CO3 (2.5 equiv.) was evacuated and backfilled 

with argon 3X. Deoxygenated anhydrous dioxane (0.2 M) was added through the septum, with the 

requisite aniline (1.1 equiv.), and stirred at 85-110°C for 16 hours. The mixture was allowed to 

cool to room temperature, filtered through Celite while being washed with ethyl acetate, 

concentrated under reduced pressure, and purified via flash silica gel chromatography (Hexanes: 

Ethyl Acetate) to afford the desired products 4.7a-4.7ay. 
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General Procedure 4.6.  

N-(2-fluorophenyl)-5-methoxy-[l,2,5]oxadiazolo[3,4-b]pyridin-6-amine (15 mg, 0.058 mmol) and 

Na2CO3 (18 mg, 0.17 mmol) were placed in a sealed vial and added dioxane (0.5 mL) and water 

(0.5 mL). The mixture was stirred for 2-16 h at 110 °C and monitored via TLC. After completion 

of the reaction, the mixture was allowed to cool to room temperature, added water, filtered, and 

acidified with 10% HCl aq. to precipitate the product. The solid was then collected, washed with 

water, dried and then recrystallized from acetone with hexane to afford pure desired products 4.8a-

4.8ay. 

General Procedure 4.7 6-chloro-N-phenyl-[1,2,5]oxadiazolo[3,4-b]pyridin-5-amine (3.10) 

 

To a 6 dram vial containing a stir bar was added 5,6-dichloro-[1,2,5]oxadiazolo[3,4-b]pyridine 3.5 

(1.0 equiv) and the necessary aniline (2.0 equiv). THF (2 mL) was then added and allowed to stir 

at 70 °C for 16 hours, the reaction was monitored via TLC. Upon completion the reaction was 

extracted with ethyl acetate, organic layer dried over sodium sulfate and solvent removed under 

reduced pressure. The crude mixture was then purified by silica gel column chromatography 

(Hexanes: Ethyl Acetate) to yield the title compounds. 

General Procedure 4.8 5-(phenylamino)-[1,2,5]oxadiazolo[3,4-b]pyridin-6-ol (3.11) 

 
To a sealable reaction vial was added 3.10 starting material (1.0 equiv), synthesized in general 

procedure 4.7, along with potassium hydroxide (3.0 equiv). A dioxane/H2O solvent mixture (1:1) 

was then added and the reaction was allowed to stir at 100 °C for 16 hours. Upon completion the 

reaction mixture was acidified with 1 M aqueous HCl and extracted with ethyl acetate. The organic 
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layer was dried over sodium sulfate and the solvent removed under reduced pressure. The resulting 

crude mixture was loaded onto Celite and purified by silica gel column chromatography (Hexanes: 

Ethyl Acetate) to yield the title compounds.  

 

N-(2-fluorophenyl)-5-methoxy-[1,2,5]oxadiazolo[3,4-b]pyridin -6-amine (3.7a) Synthesized 

by general procedure 4.5 to yield 3.7a 52% as a yellow solid. 1H NMR (500 MHz, Acetone-d6) ŭ 

7.92 (s, 1H), 7.62 ï 7.57 (m, 1H), 7.37 ï 7.29 (m, 3H), 6.82 (d, J = 2.2 Hz, 1H), 4.24 (s, 3H); 19F 

NMR (376 MHz, Acetone-d6) ŭ -122.67 ï -122.83 (m); 13C NMR (126 MHz, Acetone-d6) ŭ 161.2, 

157.4 (d, J = 247.4 Hz), 154.9, 144.2, 136.9, 128.2 (d, J = 8.1 Hz), 127.3 (d, J = 12.9 Hz), 127.3 

(d, J = 2.0 Hz), 126.1 (d, J = 3.9 Hz), 117.5 (d, J = 19.9 Hz), 93.7 (d, J = 2.7 Hz), 56.2; HRMS 

(ESI+) m/z calcôd. for C12H10FN4O2 (M+H)+ 261.0782, Found 261.0781  

 

6-((2-fluorophenyl)amino)-[1,2,5]oxadiazolo[3,4-b]pyridin -5-ol (3.8a) Synthesized by general 

procedure 4.6 to yield 3.8a 70% as a yellow solid. 1H NMR (500 MHz, Acetone-d6) ŭ 11.81 (s, 

1H), 7.93 (s, 1H), 7.70 ï 7.61 (m, 1H), 7.36 ï 7.28 (m, 3H), 6.82 ï 6.76 (m, 1H); 19F NMR (376 

MHz, Acetone-d6) ŭ -124.69 ï -125.08 (m); 13C NMR (126 MHz, Acetone-d6) ŭ 159.6, 156.6 (d, 
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J = 246.6 Hz), 148.6, 142.9, 139.1, 127.6 (d, J = 11.7 Hz), 127.4 (d, J = 8.3 Hz), 126.0 (d, J = 4.5 

Hz), 125.7 ï 125.5 (m), 117.2 (d, J = 19.8 Hz), 90.7 (d, J = 2.8 Hz); 

HRMS (ESI+) m/z calcôd. for C11H8FN4O2 (M+H)+ 247.0626, found 247.0622  

  

N-(3-fluorophenyl)-5-methoxy-[1,2,5]oxadiazolo[3,4-b]pyridin -6-amine (3.7b) Synthesized 

by  general procedure 4.5 to yield 3.7b 67% as a yellow solid. 1H NMR (500 MHz, Acetone-d6) ŭ 

8.26 (s, 1H), 7.53 ï 7.44 (m, 1H), 7.40 ï 7.35 (m, 1H), 7.35 ï 7.29 (m, 1H), 7.29 ï 7.23 (m, 1H), 

6.98 ï 6.91 (m, 1H), 4.20 (s, 3H); 19F NMR (376 MHz, Acetone-d6) ŭ -112.89 ï -113.00 (m, 

1F);13C NMR (126 MHz, Acetone-d6) ŭ 164.2 (d, J = 243.4 Hz), 161.4, 154.9, 144.2, 142.2, 136.0, 

132.0 (d, J = 9.9 Hz), 118.7 (d, J = 3.0 Hz), 112.0 ï 111.2 (m), 110.3 ï 109.6 (m), 94.5, 56.1; 

HRMS (ESI+) m/z calcôd. for C12H10FN4O2 (M+H)+ 261.0782, found 261.0782. 

 

6-((3-fluorophenyl)amino)-[1,2,5]oxadiazolo[3,4-b]pyridin -5-ol (3.8b) Synthesized by general 

procedure 4.6 to yield 3.8b 85% as a yellow solid. 1H NMR (400 MHz, Acetone-d6) ŭ 11.80 (s, 

1H), 8.21 (s, 1H), 7.53 ï 7.45 (m, 1H), 7.39 ï 7.29 (m, 2H), 7.23 ï 7.20 (m, 1H), 6.98 ï 6.91 (m, 

1H); 19F NMR (376 MHz, Acetone-d6) ŭ -112.96 ï -113.08 (m, 1F); 13C NMR (126 MHz, Acetone-

d6) ŭ 164.2 (d, J = 243.9 Hz), 159.7, 148.6, 142.9, 142.0 (d, J = 10.7 Hz), 138.5, 131.9 (d, J = 9.9 

Hz), 118.3 (d, J = 3.3 Hz), 111.6 (d, J = 21.6 Hz), 109.5 (d, J = 24.8 Hz), 91.2; HRMS (ESI+) m/z 

calcôd. for C11H8FN4O2 (M+H)+ 247.0626, found 247.0624. 
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6-((4-fluorophenyl)amino)-[1,2,5]oxadiazolo[3,4-b]pyridin -5-ol (3.7c) Synthesized by general 

procedure 4.5 to yield 3.7c 50% as a yellow solid. 1H NMR (400 MHz, Acetone-d6) ŭ 8.10 (s, 1H), 

7.53 ï 7.45 (m, 2H), 7.29 ï 7.19 (m, 2H), 7.03 (s, 1H), 4.21 (s, 3H);19F NMR (376 MHz, Acetone-

d6) ŭ -118.75 ï -118.95 (m); 13C NMR (101 MHz, Acetone-d6) ŭ 153.4 (d, J = 241.9 Hz), 149.7, 

139.1, 136.5, 125.3 (d, J = 3.9 Hz), 123.4 (d, J = 7.7 Hz), 121.5, 120.7 (d, J = 1.6 Hz), 116.9, 115.4 

(d, J = 19.1 Hz); HRMS (ESI+): Calcôd for C12H10FN4O2 (M+H)+ : 261.0782 Found: 261.0788 

 

N-(4-fluorophenyl)-5-methoxy-[1,2,5]oxadiazolo[3,4-b]pyridin -6-amine (3.8c) Synthesized by 

general procedure 4.6 to yield 3.8c 87% as a yellow solid. 1H NMR (400 MHz, Acetone-d6) ŭ 

11.73 (s, 1H), 8.07 (s, 1H), 7.55 ï 7.48 (m, 2H), 7.28 ï 7.20 (m, 2H), 6.89 (s, 1H); 19F NMR (376 

MHz, Acetone-d6) ŭ -118.30 ï -120.24 (m); 13C NMR (101 MHz, Acetone-d6) ŭ 160.6 (d, J = 

243.3 Hz), 158.8, 147.6, 142.2, 138.9, 135.3 (d, J = 2.9 Hz), 124.8 (d, J = 8.5 Hz), 116.1 (d, J = 

23.0 Hz), 88.2; HRMS (ESI+): Calcôd for C11H5FN4O2 (M-H)- 245.0480 Found: 245.0482 
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N-(2,3-difluorophenyl) -5-methoxy-[1,2,5]oxadiazolo[3,4-b]pyridin -6-amine (3.7d) 

Synthesized by general procedure 4.5 to yield 3.7d 79% as a yellow solid. 1H NMR (500 MHz, 

Acetone-d6) ŭ 8.05 (s, 1H), 7.46 ï 7.39 (m, 1H), 7.36 ï 7.22 (m, 2H), 6.98 (d, J = 2.3 Hz, 1H), 4.24 

(s, 3H); 19F NMR (376 MHz, Acetone-d6) ŭ -138.33 ï -138.79 (m, 1F), -147.21 ï -147.43 (m, 1F); 

13C NMR (126 MHz, Acetone-d6) ŭ 161.3, 160.8 (d, J = 242.6 Hz), 154.8, 144.3, 137.4, 136.2 (d, 

J = 3.0 Hz), 126.4 (d, J = 8.4 Hz), 117.1 (d, J = 22.9 Hz), 92.2, 56.1; HRMS (ESI+) m/z calcôd. 

for C12H9F2N4O2 (M+H)+ 279.0688, found 279.0689. 

 

6-((2,3-difluorophenyl)amino)-[1,2,5]oxadiazolo[3,4-b]pyridin -5-ol (3.8d) Synthesized by 

general procedure 4.6 to yield 3.8d 84% as a yellow solid. 1H NMR (400 MHz, Acetone-d6) ŭ 

11.87 (s, 1H), 8.04 (s, 1H), 7.52 ï 7.45 (m, 1H), 7.36 ï 7.27 (m, 1H), 7.27 ï 7.17 (m, 1H), 6.94 ï 

6.88 (m, 1H); 19F NMR (376 MHz, Acetone-d6) ŭ -138.36 ï -139.25 (m, 1F), -148.82 ï -149.48 

(m, 1F); 13C NMR (126 MHz, Acetone-d6) ŭ 159.7 ï 159.1 (m), 152.0 (ddd, J = 246.3, 11.3, 2.1 

Hz), 148.6 (d, J = 14.2 Hz), 145.1 (ddd, J = 248.1, 14.5, 10.6 Hz), 142.8, 138.8 (d, J = 18.6 Hz), 

130.1 ï 129.2 (m), 125.7 (dd, J = 9.2, 5.2 Hz), 120.7 (dd, J = 21.7, 3.8 Hz), 114.4 (dd, J = 17.5, 

7.8 Hz), 92.8 ï 91.0 (m); HRMS (ESI-) m/z calcôd. for C11H5F2N4O2 (M-H)- 263.0386, found 

263.0391. 
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N-(2,4-difluorophenyl) -5-methoxy-[1,2,5]oxadiazolo[3,4-b]pyridin -6-amine (3.7e) 

Synthesized by general procedure 4.5 to yield 3.7e 71% as an off-white solid. 1H NMR (400 MHz, 

Acetone-d6) ŭ 7.91 (s, 1H), 7.65 ï 7.58 (m, 1H), 7.29 ï 7.22 (m, 1H), 7.18 ï 7.11 (m, 1H), 6.71 (s, 

1H), 4.23 (s, 3H); 19F NMR (376 MHz, Acetone-d6) ŭ -113.48 ï -113.63 (m), -117.22 ï -117.31 

(m); 13C NMR (101 MHz, Acetone-d6) ŭ 160.8 (dd, J = 246.3, 11.5 Hz), 160.2, 157.2 (dd, J = 

250.9, 250.4, 238.2, 12.5 Hz), 154.0, 143.3, 136.7, 128.7 (dd, J = 10.0, 2.8 Hz), 122.9 (dd, J = 

12.4, 3.8 Hz), 112.1 (dd, J = 22.4, 3.8 Hz), 105.0 (dd, J = 26.9, 24.1 Hz), 92.6 (d, J = 2.0 Hz), 

55.3; HRMS (ESI+) m/z calcôd. for C12H9F2N4O2 (M+H)+ 279.0688, found 279.0701. 

 

6-((2,4-difluorophenyl)amino)-[1,2,5]oxadiazolo[3,4-b]pyridin -5-ol (3.8e) Synthesized by 

general procedure 4.6 to yield 3.8e 69% as a yellow solid. 1H NMR (400 MHz, Acetone-d6) ŭ 

11.79 (s, 1H), 7.88 (s, 1H), 7.69 ï 7.61 (m, 1H), 7.28 ï 7.21 (m, 1H), 7.18 ï 7.11 (m, 1H), 6.62 (s, 

1H); 19F NMR (376 MHz, Acetone-d6) ŭ -114.11 ï -114.28 (m), -118.47 ï -118.58 (m); 13C NMR 

(101 MHz, Acetone-d6) ŭ 160.4 (dd, J = 245.9, 11.5 Hz), 158.6, 156.6 (dd, J = 250.3, 12.6 Hz), 

147.8, 142.0, 139.1, 127.5 (dd, J = 9.7, 2.6 Hz), 123.1 (dd, J = 12.2, 3.9 Hz), 112.0 (dd, J = 22.4, 
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3.8 Hz), 104.9 (dd, J = 26.9, 23.9 Hz), 89.5 (d, J = 2.0 Hz); HRMS (ESI+) m/z calcôd. for 

C11H5F2N4O2 (M-H)- 263.0386, found 263.0377.  

 

N-(2,5-difluorophenyl) -5-methoxy-[1,2,5]oxadiazolo[3,4-b]pyridin -6-amine (3.7f) 

Synthesized by general procedure 4.5 to yield 3.7f 43% as an off-white solid. 1H NMR (400 MHz, 

Acetone-d6) ŭ 7.96 (s, 1H), 7.45 ï 7.33 (m, 2H), 7.12 ï 7.06 (m, 1H), 7.04 (s, 1H), 4.27 ï 4.19 (m, 

3H); 19F NMR (376 MHz, Acetone-d6) ŭ -117.96 ï -118.32 (m), -128.07 ï -128.44 (m); 13C NMR 

(126 MHz, Acetone-d6) ŭ 161.1, 159.7 (dd, J = 241.5, 3.1 Hz), 155.0, 153.3 (dd, J = 243.2, 3.4 

Hz), 144.1, 136.0, 128.8 (dd, J = 14.7, 11.0 Hz), 118.4 (dd, J = 22.8, 10.1 Hz), 113.7 (dd, J = 24.4, 

8.3 Hz), 113.1 (dd, J = 26.4, 2.7 Hz), 95.4 (d, J = 2.9 Hz), 56.3; HRMS (ESI+) m/z calcôd. for m/z 

calcôd. for C12H9F2N4O2 (M+H)+ 279.0688, found 279.0698. 

 

6-((2,5-difluorophenyl)amino)-[1,2,5]oxadiazolo[3,4-b]pyridin -5-ol (3.8f) Synthesized by 

general procedure 4.6 to yield 3.8f 25% as a beige solid. 1H NMR (400 MHz, Acetone-d6) ŭ 11.88 

(s, 1H), 7.99 (s, 1H), 7.52 ï 7.46 (m, 1H), 7.39 ï 7.32 (m, 1H), 7.10 ï 6.92 (m, 2H); 19F NMR (376 

MHz, Acetone-d6) ŭ -117.25 ï -118.67 (m), -128.69 ï -132.28 (m); 13C NMR (101 MHz, Acetone-

d6) 158.8 (dd, J = 241.4, 2.4 Hz), 158.7, 151.7 (dd, J = 242.2, 3.0 Hz), 147.8, 141.9, 137.3, 128.1 

(dd, J = 13.7, 11.0 Hz), 117.2 (dd, J = 22.4, 10.0 Hz), 112.0 (d, J = 8.0 Hz), 110.6 (dd, J = 27.1, 
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1.9 Hz), 91.5 (d, J = 2.3 Hz); HRMS (ESI+) m/z calcôd. for C11H5F2N4O2 (M-H)- 263.0386, found 

263.0392. 

 

N-(2,6-difluorophenyl) -5-methoxy-[1,2,5]oxadiazolo[3,4-b]pyridin -6-amine 

(3.7g) Synthesized by general procedure 4.5 to yield 3.7g 53% as a white solid. 1H NMR (400 

MHz, Acetone-d6) ŭ 7.85 (s, 1H), 7.53 ï 7.44 (m, 1H), 7.27 ï 7.19 (m, 2H), 6.57 (t, J = 2.0 Hz, 

1H), 4.26 (s, 3H); 19F NMR (376 MHz, Acetone-d6) ŭ -118.97 ï -119.06 (m); 13C NMR (126 MHz, 

Acetone-d6) ŭ 160.7, 159.5 (dd, J = 249.6, 5.8 Hz), 155.0, 144.1, 137.1, 129.4 (t, J = 11.2 Hz), 

116.3 (d, J = 17.4 Hz), 113.9 ï 112.9 (m), 94.2, 56.2; HRMS (ESI+) m/z calcôd. for C12H9F2N4O2 

(M+H)+ 279.0688, found 279.0704. 

 

6-((2,6-difluorophenyl)amino)-[1,2,5]oxadiazolo[3,4-b]pyridin -5-ol (3.8g) Synthesized by 

general procedure 4.6 to yield 3.8g 66% as a white solid. 1H NMR (500 MHz, Acetone-d6) ŭ 11.82 

(s, 1H), 7.81 (s, 1H), 7.50 ï 7.42 (m, 1H), 7.26 ï 7.17 (m, 2H), 6.36 (t, J = 2.0 Hz, 1H); 19F NMR 

(376 MHz, Acetone-d6) ŭ -118.94 ï -119.03 (m); 13C NMR (126 MHz, Acetone-d6) ŭ 159.3, 159.2 

(dd, J = 249.9, 4.9 Hz), 148.7, 142.8, 140.0, 129.2 (t, J = 10.0 Hz), 116.3 (t, J = 16.3 Hz), 113.3 
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(dd, J = 19.2, 4.3 Hz), 91.2 (t, J = 2.2 Hz); HRMS (ESI-) m/z calcôd. for C11H5F2N4O2 (M-H)- 

263.0386, found 263.0383.  

 

N-(3,4-difluorophenyl) -5-methoxy-[1,2,5]oxadiazolo[3,4-b]pyridin -6-amine 

(3.7h) Synthesized by general procedure 4.5 to yield 3.7h 52% as a yellow solid. 1H NMR (500 

MHz, Acetone-d6) ŭ 8.21 (s, 1H), 7.51 ï 7.38 (m, 2H), 7.35 ï 7.31 (m, 1H), 7.26 (s, 1H), 4.21 (s, 

3H); 19F NMR (376 MHz, Acetone-d6) ŭ -137.59 ï -137.73 (m), -144.42 ï -144.55 (m); 13C NMR 

(126 MHz, Acetone-d6) ŭ 161.3, 154.8, 151.2 (dd, J = 246.5, 13.7 Hz), 148.0 (dd, J = 243.7, 12.8 

Hz), 144.2, 137.2 (dd, J = 8.5, 3.4 Hz), 136.6, 120.4 (dd, J = 6.7, 3.7 Hz), 118.9 (dd, J = 18.4, 1.7 

Hz), 113.1 (d, J = 19.8 Hz), 93.8, 56.1; HRMS (ESI-) m/z calcôd. for C12H7F2N4O2 (M-H)- 

277.0543 found 277.0536. 

 

6-((3,4-difluorophenyl)amino)-[1,2,5]oxadiazolo[3,4-b]pyridin -5-ol (3.8h) Synthesized by 

general procedure 4.6 to yield 3.8h 91% as a yellow solid. 1H NMR (400 MHz, Acetone-d6) ŭ 

11.74 (s, 1H), 8.15 (s, 1H), 7.53 ï 7.47 (m, 1H), 7.45 ï 7.37 (m, 1H), 7.37 ï 7.32 (m, 1H), 7.08 (s, 

1H); 19F NMR (376 MHz, Acetone-d6) ŭ -137.64 ï -137.86 (m), -144.69 ï -144.90 (m); 13C NMR 
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(126 MHz, Acetone-d6) ŭ 159.6, 151.2 (dd, J = 246.2, 13.7 Hz), 148.6, 147.8 (dd, J = 243.8, 12.8 

Hz), 143.0, 139.0, 137.1 (dd, J = 8.7, 3.4 Hz), 119.7 (dd, J = 6.7, 3.7 Hz), 118.8 (dd, J = 18.2, 1.2 

Hz), 112.6 (d, J = 20.0 Hz), 90.6; HRMS (ESI-) m/z calcôd. for C11H5F2N4O2 (M-H)- 263.0386, 

found 263.0438. 

 

N-(3,5-difluorophenyl) -5-methoxy-[1,2,5]oxadiazolo[3,4-b]pyridin -6-amine 

(3.7i) Synthesized by general procedure 4.5 to yield 3.7i 55% as a yellow solid. 1H NMR (500 

MHz, Acetone-d6) ŭ 8.36 (s, 1H), 7.57 (s, 1H), 7.18 ï 7.12 (m, 2H), 6.78 (tt, J = 9.2, 2.3 Hz, 1H), 

4.19 (s, 3H); 19F NMR (376 MHz, Acetone-d6) ŭ -110.09 ï -110.20 (m); 13C NMR (126 MHz, 

Acetone-d6) ŭ 164.6 (dd, J = 245.4, 15.3 Hz), 161.4, 154.9, 144.0, 143.5 (d, J = 13.0 Hz), 135.2, 

105.3 ï 104.9 (m), 99.7 (d, J = 26.7 Hz), 96.7, 56.2; HRMS (ESI-) m/z calcôd. for C12H7F2N4O2 

(M-H)- 277.0543 found 277.0537. 

 

 6-((3,5-difluorophenyl)amino)-[1,2,5]oxadiazolo[3,4-b]pyridin -5-ol (3.8i) Synthesized by 

general procedure 4.6 to yield 3.8i 74% as a yellow solid. 1H NMR (400 MHz, Acetone-d6) ŭ 11.80 

(s, 1H), 8.31 (s, 1H), 7.37 (s, 1H), 7.26 ï 7.17 (m, 2H), 6.83 ï 6.75 (m, 1H); 19F NMR (376 MHz, 

Acetone-d6) ŭ -110.10 ï -110.26 (m); 13C NMR (126 MHz, Acetone-d6) ŭ 164.5 (dd, J = 245.4, 
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15.4 Hz), 159.6, 148.7, 143.2 (t, J = 13.3 Hz), 142.8, 137.8, 105.2 ï 104.7 (m), 99.6 (t, J = 25.8 

Hz), 93.2; HRMS (ESI-) m/z calcôd. for C11H5F2N4O2 (M-H)- 263.0386, found 263.0380. 

 

5-methoxy-N-(2,3,4-trifluorophenyl) -[1,2,5]oxadiazolo[3,4-b]pyridin -6-amine 

(3.7j) Synthesized by general procedure 4.5 to yield 3.7j 68% as a tan solid. 1H NMR (500 MHz, 

Acetone-d6) ŭ 8.06 (s, 1H), 7.49 ï 7.40 (m, 1H), 7.39 ï 7.29 (m, 1H), 6.90 (d, J = 2.4 Hz, 1H), 4.25 

(s, 3H); 19F NMR (376 MHz, Acetone-d6) ŭ -138.73 ï -139.16 (m), -141.20 ï -141.63 (m), -160.33 

ï -160.65 (m); 13C NMR (126 MHz, Acetone-d6) ŭ 161.0, 155.0, 150.0 (ddd, J = 246.9, 10.3, 3.1 

Hz), 147.5 (ddd, J = 251.2, 11.0, 4.1 Hz), 144.1, 141.5 (ddd, J = 249.7, 16.5, 14.1 Hz), 137.2, 125.4 

ï 125.2 (m), 123.2 ï 121.8 (m), 113.4 (dd, J = 18.4, 4.3 Hz), 94.6 (d, J = 2.5 Hz), 56.2; HRMS 

(ESI+) m/z calcôd. for C12H8F3N4O2 (M+H)+ 297.0594, found 297.0586. 

 

6-((2,3,4-trifluorophenyl)amino) -[1,2,5]oxadiazolo[3,4-b]pyridin -5-ol (3.8j) Synthesized by 

general procedure 4.6 to yield 3.8j 97% as a white solid. 1H NMR (400 MHz, Acetone-d6) ŭ 11.77 

(s, 1H), 7.97 (s, 1H), 7.49 ï 7.40 (m, 1H), 7.35 ï 7.25 (m, 1H), 6.74 (dd, J = 2.1, 0.6 Hz, 1H); 19F 

NMR (376 MHz, Acetone-d6) ŭ -139.24 ï -139.64 (m), -142.34 ï -142.62 (m), -160.53 ï -160.84 



81 

 

(m); 13C NMR (126 MHz, Acetone-d6) ŭ 159.4, 150.7 ï 148.6 (m), 148.7, 146.9 (ddd, J = 250.8, 

11.1, 4.0 Hz), 142.8, 141.4 (ddd, J = 249.3, 16.5, 13.9 Hz), 139.7, 125.4 (dd, J = 9.9, 4.0 Hz), 

121.8 ï 121.4 (m), 113.2 (dd, J = 18.3, 4.2 Hz), 91.4 (d, J = 2.4 Hz); HRMS (ESI-) m/z calcôd. for 

C11H4F3N4O2 (M-H)- 281.0292, found: 281.0339 

 

5-methoxy-N-(2,4,6-trifluorophenyl) -[1,2,5]oxadiazolo[3,4-b]pyridin -6-amine 

(3.7k) Synthesized by general procedure 4.5  to yield 3.7k 57% as an off-white solid. 1H NMR 

(500 MHz, Acetone-d6) ŭ 7.84 (s, 1H), 7.26 ï 7.10 (m, 2H), 6.64 (t, J = 1.8 Hz, 1H), 4.27 (s, 3H); 

19F NMR (376 MHz, Acetone-d6) ŭ -110.13 ï -110.33 (m, 1F), -115.75 ï -115.95 (m, 2F); 13C 

NMR (126 MHz, Acetone-d6) ŭ 162.0 (dt, J = 15.8, 3.9 Hz), 160.9, 160.1 (ddd, J = 251.4, 15.8, 

7.3 Hz), 155.0, 144.1, 137.5, 113.4 ï 112.9 (m), 102.7 ï 101.8 (m), 94.2, 56.2; HRMS (ESI-) m/z 

calcôd. for C12H6F3N4O2 (M-H)- 295.0448, found: 295.0443 

 

 6-((2,4,6-trifluorophenyl)amino) -[1,2,5]oxadiazolo[3,4-b]pyridin -5-ol (3.8k) Synthesized by 

general procedure 4.6 to yield 3.8k 71% as a white solid. 1H NMR (500 MHz, Acetone-d6) ŭ 11.82 

(s, 1H), 7.76 (s, 1H), 7.23 ï 7.11 (m, 2H), 6.40 (t, J = 1.8 Hz, 1H); 19F NMR (376 MHz, Acetone-
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d6) ŭ -110.42 ï -110.56 (m), -115.72 ï -115.82 (m); 13C NMR (126 MHz, Acetone-d6) ŭ 161.9 (dt, 

J = 247.2, 15.1 Hz), 159.8 (ddd, J = 251.1, 15.8, 7.3 Hz), 159.2 (dt), 148.8, 142.7, 140.4, 113.5 ï 

113.0 (m), 102.5 ï 101.7 (m), 91.1 (d, J = 2.2 Hz); HRMS (ESI-) m/z calcôd. for C11H4F3N4O2 (M-

H)- 281.0292, found: 281.0287 

 

5-methoxy-N-(3,4,5-trifluorophenyl) -[1,2,5]oxadiazolo[3,4-b]pyridin -6-amine 

(3.7l) Synthesized by general procedure 4.5 to yield 3.7l 65% as a tan solid. 1H NMR (500 MHz, 

Acetone-d6) ŭ 8.28 (s, 1H), 7.46 (s, 1H), 7.38 ï 7.28 (m, 2H), 4.19 (s, 3H); 19F NMR (376 MHz, 

Acetone-d6) ŭ -135.14 ï -135.86 (m, 2F), -168.10 ï -168.93 (m, 1F); 13C NMR (126 MHz, 

Acetone-d6) ŭ 161.3, 154.9, 152.3 (ddd, J = 246.8, 10.7, 5.6 Hz), 144.1, 137.0 (dt, J = 245.7, 15.8 

Hz), 137.1 ï 136.7 (m), 135.8, 107.9 ï 107.5 (m), 95.8, 56.2; HRMS (ESI+) m/z calcôd. for 

C12H8F3N4O2 (M+H)+ 297.0594, found 297.0591. 

 

6-((3,4,5-trifluorophenyl)amino) -[1,2,5]oxadiazolo[3,4-b]pyridin -5-ol (3.8l) Synthesized by 

general procedure 4.6 to yield 3.8l 76% as a yellow solid. 1H NMR (500 MHz, Acetone-d6) ŭ 11.81 

(s, 1H), 8.25 (s, 1H), 7.43 ï 7.32 (m, 2H), 7.27 (s, 1H); 19F NMR (376 MHz, Acetone-d6) ŭ -135.42 
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ï -135.73 (m), -168.65 ï -168.82 (m); 13C NMR (126 MHz, Acetone-d6) ŭ 159.5, 152.2 (ddd, J = 

246.5, 10.6, 5.6 Hz), 148.6, 142.8, 138.3, 136.9 (dd, J = 246.3, 15.6 Hz), 136.9 ï 136.5 (m), 107.6 

ï 106.9 (m), 92.4; HRMS (ESI-) m/z calcôd. for C11H4F3N4O2 (M-H)- 281.0292, found: 281.0339 

 

5-methoxy-N-(perfluorophenyl)-[1,2,5]oxadiazolo[3,4-b]pyridin -6-amine (3.7m) Synthesized 

by general procedure 4.5 to yield 3.7m 56% as a white solid. 1H NMR (400 MHz, Acetone-d6) ŭ 

8.08 (s, 1H), 6.91 (t, J = 1.9 Hz, 1H), 4.25 (s, 3H); 19F NMR (376 MHz, Acetone-d6) ŭ -146.73 ï 

-147.35 (2F, m), -159.77 (1F, t, J = 21.1 Hz), -164.22 ï -164.44 (2F, m); 13C NMR (126 MHz, 

Acetone-d6) ŭ 160.8, 155.1, 146.3 ï 144.0 (m), 144.0, 142.4 ï 140.0 (m), 140.5 ï 138.0 (m), 136.7, 

115.1 ï 114.7 (m), 96.0 (d, J = 1.8 Hz), 56.3; HRMS (ESI-) m/z calcôd. for C12H4F5N4O2
 (M-H)- 

331.0260, found: 331.0256 

 

6-((perfluorophenyl)amino)-[1,2,5]oxadiazolo[3,4-b]pyridin -5-ol (3.8m) Synthesized by 

general procedure 4.6 to yield 3.8m 73% as a white solid. 1H NMR (400 MHz, Acetone-d6) ŭ 11.82 

(s, 1H), 8.00 (s, 1H), 6.68 (t, J = 1.9 Hz, 1H); 19F NMR (376 MHz, Acetone-d6) ŭ -146.68 ï -

146.98 (2F, m), -159.91 (1F, t, J = 20.9 Hz), -164.28 ï -164.77 (2F, m); 13C NMR (126 MHz, 
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Acetone-d6) ŭ 159.0, 148.9, 146.1 ï 143.7 (m), 142.6, 142.3 ï 140.2 (m), 139.9, 140.3 ï 138.0 (m), 

115.5 ï 114.7 (m), 92.9 ï 92.9 (m); HRMS (ESI-) m/z calcôd. for C11H2F5N4O2 (M-H)-  317.0103, 

found 317.0093. 

 

5-methoxy-N-(2-(trifluoromethyl)phenyl) -[1,2,5]oxadiazolo[3,4-b]pyridin -6-amine 

(3.7n) Synthesized by general procedure 4.5 to yield 3.7n 18% as an amber solid. 1H NMR (400 

MHz, Acetone-d6) ŭ 7.91 ï 7.77 (m, 4H), 7.67 (s, 1H), 7.63 ï 7.48 (m, 1H), 6.79 (s, 1H), 4.27 (s, 

3H); 19F NMR (376 MHz, Acetone-d6) ŭ -61.72; 13C NMR (126 MHz, Acetone-d6) ŭ 161.0, 154.8, 

144.1, 137.9 (d, J = 4.4 Hz), 134.9, 129.0, 128.2 (d, J = 6.3 Hz), 127.8, 126.6 (q, J = 32.4 Hz), 

124.8 (q, J = 273.0 Hz), 94.3, 56.4; HRMS (ESI-) m/z calcôd. for C13H8F3N4O2 (M-H)-  309.0605, 

found 309.0597. 

 

6-((2-(trifluoromethyl)phenyl)amino) -[1,2,5]oxadiazolo[3,4-b]pyridin -5-ol (3.8n) Synthesized 

by general procedure 4.6 to yield 3.8n 70% as a beige solid. 1H NMR (500 MHz, Acetone-d6) ŭ 

11.93 (s, 1H), 7.90 ï 7.79 (m, 4H), 7.49 (t, J = 7.5 Hz, 1H), 6.89 (s, 1H); 19F NMR (376 MHz, 

Acetone-d6) ŭ -61.86; 13C NMR (126 MHz, Acetone-d6) ŭ 159.7, 148.6, 142.8, 139.5, 137.8 (q, J 
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= 2.0 Hz), 134.8, 128.1 (q, J = 5.5 Hz), 126.7, 126.6, 124.9 (q, J = 271.9 Hz), 124.5 (q, J = 29.8 

Hz), 91.3; HRMS (ESI-) m/z calcôd. for C12H6F3N4O2 (M-H)- 295.0448, found 295.0444. 

 

5-methoxy-N-(3-(trifluoromethyl)phenyl) -[1,2,5]oxadiazolo[3,4-b]pyridin -6-amine  

(3.7o) Synthesized by general procedure 4.5 to yield 3.7o 78% as a white solid. 1H NMR (500 

MHz, Acetone-d6) ŭ 8.35 (s, 1H), 7.83 ï 7.79 (m, 1H), 7.76 (s, 1H), 7.68 (t, J = 7.9 Hz, 1H), 7.51 

(d, 1H), 7.36 (s, 1H), 4.21 (s, 3H); 19F NMR (376 MHz, Acetone-d6) ŭ -63.34; 13C NMR (126 

MHz, Acetone-d6) ŭ 161.4, 154.9, 144.1, 141.3, 136.0, 132.2 (q, J = 32.2 Hz), 131.5, 126.4 (d, J = 

1.7 Hz), 125.0 (q, J = 271.2 Hz), 121.6 (q, J = 4.1 Hz), 119.7 (q, J = 4.3 Hz), 94.5, 56.2; HRMS 

(ESI+) m/z calcôd. for C13H10F3N4O2 (M+H)+ 311.0750, found 311.0749. 

 

6-((3-(trifluoromethyl)phenyl)amino) -[1,2,5]oxadiazolo[3,4-b]pyridin -5-ol (3.8o) Synthesized 

by general procedure 4.6 to yield 3.8o 30% as a yellow solid. 1H NMR (400 MHz, Acetone-d6) ŭ 

11.79 (s, 1H), 8.36 (s, 1H), 7.88 ï 7.82 (m, 3H), 7.72 (t, J = 7.9 Hz, 1H), 7.56 ï 7.50 (m, 1H), 7.21 

(s, 1H); 19F NMR (376 MHz, Acetone-d6) ŭ -63.31 (s, 3F); 13C NMR (126 MHz, Acetone-d6) ŭ 

159.6, 148.7, 142.9, 141.2, 138.7, 132.2 (d, J = 32.3 Hz), 131.4, 126.1 ï 126.0 (m), 125.0 (q, J = 

272.3 Hz), 121.4 (t, J = 4.3 Hz), 119.5 (q, J = 4.2 Hz), 91.20; HRMS (ESI-) m/z calcôd. for 

C12H6F3N4O2 (M-H)- 295.0448, found 295.0446. 
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5-methoxy-N-(4-(trifluoromethyl)phenyl) -[1,2,5]oxadiazolo[3,4-b]pyridin -6-amine 

(3.7p) Synthesized by general procedure 4.5  to yield 3.7p 59% as a yellow solid. 1H NMR (500 

MHz, Acetone-d6) ŭ 8.47 ï 8.37 (m, 1H), 7.78 ï 7.73 (m, 2H), 7.71 ï 7.65 (m, 2H), 7.53 (dd, J = 

6.0, 2.9 Hz, 1H), 4.21 ï 4.18 (m, 3H); 19F NMR (376 MHz, Acetone-d6) ŭ -62.52; 

 13C NMR (126 MHz, Acetone-d6) ŭ 161.4 (d, J = 2.3 Hz), 154.9 (d, J = 2.6 Hz), 144.2, 144.0, 

135.3, 127.6 (q, J = 4.4 Hz), 126.1 (q, J = 270.2 Hz), 125.6 (q, J = 32.6 Hz), 122.1, 95.7, 56.2; 

HRMS (ESI+) m/z calcôd. for C13H10F3N4O2 (M+H)+ 311.0750, found 311.0749.  

 

6-((4-(trifluoromethyl)phenyl)amino) -[1,2,5]oxadiazolo[3,4-b]pyridin -5-ol (3.8p) Synthesized 

by general procedure 4.6 to yield 3.8p 75% as a yellow solid. 1H NMR (400 MHz, Acetone-d6) ŭ 

11.84 (s, 1H), 8.39 (s, 1H), 7.82 ï 7.71 (m, 4H), 7.36 (d, J = 3.7 Hz, 1H); 19F NMR (376 MHz, 

Acetone-d6) ŭ -62.50 (s, 3F); 13C NMR (126 MHz, Acetone-d6) ŭ 159.65, 143.98, 142.87, 137.99, 

127.6 (q), 125.6 (d, J = 32.4 Hz), 125.4 (d, J = 270.6 Hz), 121.9, 121.8, 92.4; HRMS (ESI-) m/z 

calcôd. for C12H6F3N4O2 (M-H)- 295.0448, found 295.0456. 
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N-(2-fluoro-3-(trifluoromethyl)phenyl) -5-methoxy-[1,2,5]oxadiazolo[3,4-b]pyridin -6-amine 

(3.7q) Synthesized by general procedure 4.5 to yield 3.7q 73% as a yellow solid. 1H NMR (500 

MHz, Acetone-d6) ŭ 8.06 (s, 1H), 8.01 ï 7.90 (m, 1H), 7.70 ï 7.60 (m, 1H), 7.52 (t, J = 7.9, 1H), 

7.02 (d, J = 2.0 Hz, 1H), 4.24 (s, 3H); 19F NMR (376 MHz, Acetone-d6) ŭ -61.80 (d, J = 13.0 Hz), 

-125.50 ï -125.67 (m); 13C NMR (126 MHz, Acetone-d6) ŭ 161.1, 155.0, 154.2 (dq, J = 256.8, 2.2 

Hz), 144.0, 136.3, 131.3 (d, J = 2.3 Hz), 129.2 (d, J = 11.3 Hz), 126.3 (d, J = 5.1 Hz), 124.5 (q, J 

= 5.4 Hz), 123.6 (q, J = 272.0 Hz), 120.3 ï 119.4 (m), 95.2 (d, J = 2.7 Hz), 56.3; HRMS (ESI+) 

m/z calcôd. for C13H9F4N4O2 (M+H)+ 329.0656, found 329.0657. 

  

6-((2-fluoro-3-(trifluoromethyl)phenyl)amino) -[1,2,5]oxadiazolo[3,4-b]pyridin -5-ol (3.8q) 

Synthesized by general procedure 4.6 to yield 3.8q 50% as a white solid. 1H NMR (500 MHz, 

Acetone-d6) ŭ 11.81 (s, 1H), 8.09 (s, 1H), 8.01 (t, J = 8.8, 7.6, 1.6 Hz, 1H), 7.62 (t, J = 7.1, 6.3, 

1.5 Hz, 1H), 7.53 (t, J = 8.0, 1.0 Hz, 1H), 6.94 (d, J = 1.5 Hz, 1H); 19F NMR (376 MHz, Acetone-

d6) ŭ -61.80 (d, J = 13.0 Hz, 3F), -127.06 (qt, J = 13.0, 6.9 Hz 1F); 13C NMR (126 MHz, Acetone-

d6) ŭ 159.5, 153.5 (d, J = 256.3 Hz), 148.7, 142.8, 138.8, 130.0, 129.3 (d, J = 10.8 Hz), 126.3 (d, J 

= 5.0 Hz), 124.0 ï 123.7 (m), 123.6 (d, J = 271.8 Hz), 119.9 ï 119.4 (m), 92.0 (d, J = 2.6 Hz); 

HRMS (ESI-) m/z calcôd. for C12H5F4N4O2 (M-H)- 313.0354, found 313.0364. 

 

N-(2-fluoro-4-(trifluoromethyl)phenyl) -5-methoxy-[1,2,5]oxadiazolo[3,4-b]pyridin -6-amine 

(3.7r) Synthesized by general procedure 4.5 to yield 3.7r 57% as a tan solid. 1H NMR (500 MHz, 
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Acetone-d6) ŭ 8.10 (s, 1H), 7.95 ï 7.79 (m, 1H), 7.78 ï 7.60 (m, 2H), 7.23 (d, J = 2.2 Hz, 1H), 4.24 

(s, 3H); 19F NMR (376 MHz, Acetone-d6) -62.77 (3F), -121.02 ï -121.12 (1F, m); 13C NMR (126 

MHz, Acetone-d6) ŭ 155.9 (d, J = 249.3 Hz), 155.1, 144.0, 135.4, 131.9 (d, J = 12.2 Hz), 128.0 (d, 

J = 8.0 Hz), 127.8 (d, J = 8.1 Hz), 125.9 (d, J = 2.6 Hz), 124.5 (dq, J = 270.6, 2.8 Hz), 123.2 (p, J 

= 4.1 Hz), 114.9 (dq, J = 23.5, 4.2 Hz), 96.8 (d, J = 3.0 Hz), 56.3; HRMS (ESI-) m/z calcôd. for 

C13H7F4N4O2
 (M-H)- 327.0511, found 327.0536 

 

6-((2-fluoro-4-(trifluoromethyl)phenyl)amino) -[1,2,5]oxadiazolo[3,4-b]pyridin -5-ol (3.8r) 

Synthesized by general procedure 4.6 to yield 3.8r 65% as a tan solid. 1H NMR (500 MHz, 

Acetone-d6) ŭ 11.97 (s, 1H), 7.97 (t, J = 8.2 Hz, 1H), 7.75 ï 7.65 (m, 2H), 7.19 (d, J = 1.5 Hz, 1H); 

19F NMR (376 MHz, Acetone-d6) -62.73 (3F), -123.55 ï -123.65 (m, 1F); 13C NMR (126 MHz, 

Acetone-d6) ŭ 159.6, 155.3 (d, J = 248.4 Hz), 148.7, 142.7, 137.7, 131.9 (d, J = 12.7 Hz), 124.9 

(dq, J = 271.1, 3.5 Hz), 124.2 (d, J = 2.4 Hz), 123.2 (p, J = 4.3 Hz), 114.8 ï 114.4 (m), 93.5 (d, J 

= 2.6 Hz); HRMS (ESI-) m/z calcôd. for C12H5F4N4O2 (M-H)- 313.0354, found 313.0349. 

 

N-(2-fluoro-5-(trifluoromethyl)phenyl) -5-methoxy-[1,2,5]oxadiazolo[3,4-b]pyridin -6-amine 

(3.7s) Synthesized by general procedure 4.5 to yield 3.7s 62% as an amber solid. 1H NMR (400 

MHz, Acetone-d6) ŭ 8.09 (s, 1H), 7.98 ï 7.93 (m, 1H), 7.74 ï 7.67 (m, 1H), 7.61 ï 7.54 (m, 1H), 

6.97 (d, J = 2.7 Hz, 1H), 4.25 (s, 3H); 19F NMR (376 MHz, Acetone-d6) -62.63, -115.67 ï -115.81 
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(m); 13C NMR (126 MHz, Acetone-d6) ŭ 161.1, 159.2 (dd, J = 254.2, 1.7 Hz), 155.0, 144.1, 136.3, 

128.6 (d, J = 13.1 Hz), 128.0 (qd, J = 33.2, 4.0 Hz), 125.3 ï 124.9 (m), 124.6 (q, J = 271.5 Hz), 

124.5 (p, J = 3.8 Hz), 118.7 (d, J = 21.4 Hz), 95.6 (d, J = 3.4 Hz), 56.3; HRMS (ESI-) m/z calcôd. 

for C13H7F4N4O2 (M-H)- 327.0511, found 327.0505 

 

6-((2-fluoro-5-(trifluoromethyl)phenyl)amino) -[1,2,5]oxadiazolo[3,4-b]pyridin -5-ol (3.8s) 

Synthesized by general procedure 4.6 to yield 3.8s 65% as a yellow solid. 1H NMR (500 MHz, 

Acetone-d6) ŭ 11.85 (s, 1H), 8.10 (s, 1H), 7.99 (dd, J = 7.3, 2.3 Hz, 1H), 7.71 ï 7.63 (m, 1H), 7.60 

ï 7.53 (m, 1H), 6.89 (d, J = 2.2 Hz, 1H); 19F NMR (376 MHz, Acetone-d6) -62.58 (3F), -117.41 ï 

-117.53 (m, 1F); 13C NMR (126 MHz, Acetone-d6) ŭ 159.4, 158.4 (d, J = 254.4 Hz), 148.8, 142.7, 

138.7, 128.7 (d, J = 12.8 Hz), 127.8 (dq, J = 33.2, 3.7 Hz), 124.7 (d, J = 270.9 Hz), 124.6 (dq, J = 

8.3, 4.1 Hz), 123.2 (p, J = 3.6, 3.2 Hz), 118.4 (d, J = 21.4 Hz), 92.4 (d, J = 3.2 Hz); HRMS (ESI-) 

m/z calcôd. for C12H5F4N4O2 (M-H)- 313.0354, found 313.0344. 

 

N-(2-fluoro-6-(trifluoromethyl)phenyl)-5-methoxy-[1,2,5]oxadiazolo[3,4-b]pyridin-6-amine 

(3.7t) Synthesized by general procedure 4.5 to yield 3.7t 48% as a yellow solid.  1H NMR (500 

MHz, Acetone-d6) ŭ 7.81 ï 7.68 (m, 4H), 6.49 (d, J = 2.3 Hz, 1H), 4.27 (s, 3H); 19F NMR (376 

MHz, Acetone-d6) ŭ -61.59, -117.94 ï -118.03 (m);13C NMR (126 MHz, Acetone-d6) ŭ 160.8, 
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160.3 (d, J = 251.4 Hz), 154.9, 144.1, 138.1 (d, J = 1.7 Hz), 131.5 ï 130.6 (m), 130.9 (d, J = 9.2 

Hz), 125.4 (dd, J = 16.4, 2.5 Hz), 124.0 (qd, J = 272.9, 4.2 Hz), 124.0 ï 123.8 (m), 122.17 (d, J = 

21.0 Hz), 94.6 (d, J = 1.8 Hz), 56.4; HRMS (ESI+) m/z calcôd. for C13H9F4N4O2 (M+H)+ 329.0656, 

found 329.0650. 

 

6-((2-fluoro-6-(trifluoromethyl)phenyl)amino)-[1,2,5]oxadiazolo[3,4-b]pyridin-5-ol (3.8t) 

Synthesized by general procedure 4.6 to yield 3.8t as a white solid 68%. 1H NMR (400 MHz, 

Acetone-d6) ŭ 11.87 (s, 1H), 7.76 ï 7.67 (m, 5H), 6.33 ï 6.31 (m, 1H); 19F NMR (376 MHz, 

Acetone-d6) ŭ -61.73, -117.19 ï -117.26 (m); 13C NMR (126 MHz, Acetone-d6) ŭ 159.8 (d, J = 

252.0 Hz), 159.2, 148.8, 142.7, 140.6, 130.4 (d, J = 8.9 Hz), 130.2 (d, J = 30.4 Hz), 125.4 (d, J = 

15.9 Hz), 124.1 (dd, J = 273.0, 3.9 Hz), 124.0ï 123.6 (m), 122.2 (d, J = 20.5 Hz), 91.6; HRMS 

(ESI-) m/z calcôd. for C12H5F4N4O2 (M-H)- 313.0354, found 313.0351. 

 

N-(3-fluoro-4-(trifluoromethyl)phenyl) -5-methoxy-[1,2,5]oxadiazolo[3,4-b]pyridin -6-amine 

(3.7u) Synthesized by general procedure 4.5  to yield 3.7u 58% as an off-white solid. 1H NMR 

(500 MHz, Acetone-d6) ŭ 8.55 (s, 1H), 7.78 ï 7.71 (m, 2H), 7.53 ï 7.46 (m, 2H), 4.20 (s, 3H); 19F 

NMR (376 MHz, Acetone-d6) -61.08 (d, J = 12.3 Hz), -114.52 ï -114.69 (m); 13C NMR (126 MHz, 
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Acetone-d6) ŭ 161.4, 161.3 (dd, J = 252.8, 2.7 Hz), 155.0, 146.8 (d, J = 11.6 Hz), 144.0, 134.5, 

129.3 ï 129.1 (m), 125.0 (q, J = 270.1 Hz), 116.8 (d, J = 3.6 Hz), 113.1 ï 111.8 (m), 109.0 (d, J = 

24.5 Hz), 98.4, 56.2; HRMS (ESI+) m/z calcôd. for C13H9F4N4O2 (M+H)+ 329.0656, found 

329.0650. 

 

6-((3-fluoro-4-(tr ifluoromethyl)phenyl)amino)-[1,2,5]oxadiazolo[3,4-b]pyridin -5-ol (3.8u) 

Synthesized by general procedure 4.6 to yield 3.8u 89% as an off-white solid. 1H NMR (400 MHz, 

Acetone-d6) 11.83 (s, 1H), 8.50 (s, 1H), 7.80 ï 7.74 (m, 1H), 7.61 ï 7.54 (m, 2H), 7.52 (s, 1H); 19F 

NMR (376 MHz, Acetone-d6) -61.10 (d, J = 12.1 Hz), -114.58 ï -114.74 (m); 13C NMR (126 MHz, 

Acetone-d6) ŭ 161.2 (dq, J = 252.7, 2.5 Hz), 159.6, 148.7, 146.4 (d, J = 11.4 Hz), 142.7, 137.3, 

129.3 ï 128.9 (m), 123.9 (q, J = 269.5 Hz), 116.7 (d, J = 3.4 Hz), 113.0 ï 111.9 (m), 109.1 (d, J = 

24.6 Hz), 94.6; HRMS (ESI-) m/z calcôd. for C12H5F4N4O2 (M-H)- 313.0354, found 313.0349. 

 

N-(3-fluoro-5-(trifluoromethyl)phenyl) -5-methoxy-[1,2,5]oxadiazolo[3,4-b]pyridin -6-amine 

(3.7v) Synthesized by general procedure 4.5 to yield 3.7v 64% as a tan solid. 1H NMR (400 MHz, 

Acetone-d6) 8.48 (s, 1H), 7.65 ï 7.59 (m, 3H), 7.29 ï 7.24 (m, 1H), 4.21 (s, 3H); 19F NMR (376 
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MHz, Acetone-d6) ŭ -63.57 (3F, s), -110.07 ï -110.15 (1F, m); 13C NMR (126 MHz, Acetone-d6) 

ŭ 164.1 (d, J = 246.6 Hz), 161.3, 155.0, 144.0, 143.6 (d, J = 11.1 Hz), 135.1, 133.6 (qd, J = 33.1, 

10.0 Hz), 124.3 (qd, J = 271.3, 4.0 Hz), 115.1 (p, J = 4.1 Hz), 112.4 (d, J = 25.4 Hz), 108.3 (dq, J 

= 25.4, 4.2 Hz), 96.8, 56.2; HRMS (ESI-) m/z calcôd. for C13H7F4N4O2 (M-H)- 327.0511, found 

327.0506 

 

6-((3-fluoro-5-(trifluoromethyl)phenyl)amino) -[1,2,5]oxadiazolo[3,4-b]pyridin -5-ol (3.8v) 

Synthesized by general procedure 4.6 to yield 3.8v 52% as a tan solid; 1H NMR (500 MHz, 

Acetone-d6) 11.86 (s, 1H), 8.47 (s, 1H), 7.71 (d, J = 1.7 Hz, 1H), 7.67 (dt, J = 10.4, 2.2 Hz, 1H), 

7.41 (s, 1H), 7.27 (dt, J = 8.4, 1.9 Hz, 1H); 19F NMR (376 MHz, Acetone-d6) -63.52, -110.06 (dd, 

J = 10.3, 8.6 Hz); 13C NMR (126 MHz, Acetone-d6) ŭ 164.1 (d, J = 246.6 Hz), 159.5, 148.7, 143.4 

(d, J = 11.2 Hz), 142.7, 137.9, 133.6 (dq, J = 33.3, 10.1 Hz), 124.3 (dq, J = 272.4, 3.6 Hz), 115.0 

(p, J = 4.1 Hz), 112.3 (d, J = 25.6 Hz), 108.2 (dq, J = 25.3, 4.1 Hz), 93.3; HRMS (ESI-) m/z calcôd. 

for C12H5F4N4O2 (M-H)- 313.0354, found 313.0404. 

 

N-(3-fluoro-2-(trifluoromethyl)phenyl) -5-methoxy-[1,2,5]oxadiazolo[3,4-b]pyridin -6-amine 

(3.7w) Synthesized by general procedure 4.5 to yield 3.7w 40% as a white solid. 1H NMR (500 
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MHz, Acetone-d6) 7.94 (s, 1H), 7.88 ï 7.82 (m, 1H), 7.62 (d, J = 8.1, 1H), 7.41 ï 7.35 (m, 1H), 

6.92 (s, 1H), 4.27 (s, 3H); 19F NMR (376 MHz, Acetone-d6) -56.60 (d, J = 24.5 Hz), -112.19 ï -

112.49 (m); 13C NMR (126 MHz, Acetone-d6) ŭ 161.8 (dq, J = 256.3, 2.0 Hz), 161.0, 154.9, 144.0, 

139.7 ï 139.5 (m), 137.7, 135.9 (d, J = 11.5 Hz), 125.0 (d, J = 3.8 Hz), 123.9 (dq, J = 273.7, 1.9 

Hz), 115.8 (d, J = 22.8 Hz), 114.5 (qd, J = 30.2, 11.2 Hz), 94.9, 56.4; HRMS (ESI-) m/z calcôd. for 

C13H7F4N4O2 (M-H)- 327.0511, found 327.0506 

 

6-((3-fluoro-2-(trifluoromethyl)phenyl)amino) -[1,2,5]oxadiazolo[3,4-b]pyridin -5-ol (3.8w) 

Synthesized by general procedure 4.6 to yield 3.8w 57% as a white solid. 1H NMR (500 MHz, 

Acetone-d6) 11.83 (s, 1H), 8.07 (s, 1H), 7.94 ï 7.81 (m, 1H), 7.74 ï 7.64 (m, 1H), 7.40 ï 7.27 (m, 

1H), 7.03 ï 6.91 (m, 1H); 19F NMR (376 MHz, Acetone-d6) -56.37 (d, J = 25.9 Hz), -112.45 ï -

112.77 (m); 13C NMR (126 MHz, Acetone-d6) ŭ 162.8 ï 160.6 (m), 159.6, 148.6, 142.7, 139.6, 

135.8 (d, J = 11.8 Hz), 125.2 ï 122.6 (m), 123.0 (d, J = 3.9 Hz), 114.9 (d, J = 22.8 Hz), 114.8 (d, 

J = 23.5 Hz), 113.0 (dd, J = 30.3, 11.7 Hz), 91.9; HRMS (ESI-) m/z calcôd. for C12H5F4N4O2 (M-

H)- 313.0354, found 313.0343. 
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N-(4-fluoro-2-(trifluoromethyl)phenyl) -5-methoxy-[1,2,5]oxadiazolo[3,4-b]pyridin -6-amine 

(3.7x) Synthesized by general procedure 4.5 to yield 3.7x 35% as a white solid. 1H NMR (500 

MHz, Acetone-d6) 7.81 (dd, J = 8.9, 4.9 Hz, 1H), 7.74 ï 7.66 (m, 2H), 7.63 (td, J = 8.4, 3.1 Hz, 

1H), 6.65 (s, 1H), 4.25 (s, 3H); 19F NMR (376 MHz, Acetone-d6) -62.25, -114.02 ï -114.09 (m); 

13C NMR (126 MHz, Acetone-d6) ŭ 161.5 (d, J = 247.2 Hz), 161.0, 154.8, 144.1, 138.8, 134.2 (d, 

J = 3.3 Hz), 133.3 ï 132.8 (m), 130.0 ï 129.6 (m), 123.8 (qddd, J = 271.9, 2.4 Hz), 121.9 (d, J = 

23.0 Hz), 115.9 ï 115.4 (m), 94.2, 56.3; HRMS (ESI+) m/z calcôd. for C13H9F4N4O2 (M+H)+ 

329.0656, found 329.0643. 

 

6-((4-fluoro-2-(trifluoromethyl)phenyl)amino) -[1,2,5]oxadiazolo[3,4-b]pyridin -5-ol (3.8x) 

Synthesized by general procedure 4.6 to yield 3.8x 73% as a tan solid. 1H NMR (500 MHz, 

Acetone-d6) 11.88 (s, 1H), 7.88 ï 7.81 (m, 1H), 7.77 (s, 1H), 7.70 ï 7.58 (m, 2H), 6.69 (s, 1H); 19F 

NMR (376 MHz, Acetone-d6) -62.40, -115.17 ï -115.27 (m); 13C NMR (126 MHz, Acetone-d6) ŭ 

160.7 (d, J = 246.3 Hz), 159.5, 148.6, 142.8, 140.6, 134.2 ï 134.1 (m), 130.8 (d, J = 8.8 Hz), 127.9 

(qd, J = 30.9, 8.2 Hz), 123.9 (qd, J = 272.3, 3.1 Hz), 121.6 (d, J = 23.0 Hz), 115.5 (dq, J = 26.4, 

5.6 Hz), 91.0; HRMS (ESI-) m/z calcôd. for C12H5F4N4O2 (M-H)- 313.0354, found 313.0353. 
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N-(5-fluoro-2-(trifluoromethyl)phenyl) -5-methoxy-[1,2,5]oxadiazolo[3,4-b]pyridin -6-amine 

(3.7y) Synthesized by general procedure 4.5 to yield 3.7y 37% as a beige solid. 1H NMR (500 

MHz, Acetone-d6) 7.95 ï 7.91 (m, 1H), 7.70 ï 7.62 (m, 2H), 7.33 ï 7.26 (m, 1H), 7.12 (s, 1H), 

4.26 (s, 3H); 19F NMR (376 MHz, Acetone-d6) -61.17, -106.12 ï -106.25 (m); 13C NMR (126 

MHz, Acetone-d6) ŭ 166.3 (d, J = 251.4 Hz), 161.0, 155.0, 144.0, 140.8 ï 140.5 (m), 136.9, 130.6 

(h, J = 5.6 Hz), 124.6 (dd, J = 1022.7, 272.1 Hz), 122.1 (dd, J = 30.5, 4.0 Hz), 115.4 ï 114.6 (m), 

114.2 (d, J = 22.9 Hz), 96.4, 56.5; HRMS (ESI+) m/z calcôd. for C13H9F4N4O2 (M+H)+ 329.0656, 

found 329.0643. 

 

6-((5-fluoro-2-(trifluoromethyl)phenyl)amino) -[1,2,5]oxadiazolo[3,4-b]pyridin -5-ol (3.8y) 

Synthesized by general procedure 4.6 to yield 3.8y 38% as a beige solid. 1H NMR (500 MHz, 

Acetone-d6) 7.96 (s, 1H), 7.93 (dd, J = 8.9, 6.0 Hz, 1H), 7.70 (dd, J = 10.2, 2.5 Hz, 1H), 7.24 (dd, 

J = 8.4, 2.5 Hz, 1H), 7.22 (s, 1H); 19F NMR (376 MHz, Acetone-d6) -61.40, -106.00 ï -106.09 (m); 

13C NMR (126 MHz, Acetone-d6) ŭ 166.3 (d, J = 252.0 Hz), 159.7, 148.7, 142.7, 140.4 (d, J = 12.9 

Hz), 138.5, 130.6 (h, J = 5.7 Hz), 125.8 (q, J = 271.7 Hz), 120.3 ï 119.8 (m), 113.0 (d, J = 22.7 

Hz), 112.7 (d, J = 25.4 Hz), 93.4; HRMS (ESI-) m/z calcôd. for C12H5F4N4O2 (M-H)- 313.0354, 

found 313.0351. 
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5-methoxy-N-(2-(trifluoromethoxy)phenyl) -[1,2,5]oxadiazolo[3,4-b]pyridin -6-amine 

(3.7z) Synthesized by general procedure 4.5 to yield 3.7z 33% as a tan solid. 1H NMR (400 MHz, 

Acetone-d6) ŭ 7.86 (s, 1H), 7.77 ï 7.71 (m, 1H), 7.56 ï 7.49 (m, 2H), 7.46 ï 7.38 (m, 1H), 6.95 (s, 

1H), 4.25 (s, 3H); 19F NMR (376 MHz, Acetone-d6) ŭ -58.54; 13C NMR (126 MHz, Acetone-d6) ŭ 

161.2, 154.9, 144.1, 143.6 ï 143.5 (m), 136.6, 132.6, 129.3, 127.8, 127.1, 123.2, 121.4 (q, J = 

257.0 Hz), 94.4, 56.3; HRMS (ESI-) m/z calcôd. for C13H8F3N4O3 (M-H)- 325.0554, found 

325.0557. 

 

6-((2-(trifluoromethoxy)phenyl)amino)-[1,2,5]oxadiazolo[3,4-b]pyridin -5-ol 

(3.8z) Synthesized by general procedure 4.6 to yield 3.8z 60% as a beige solid. 1H NMR (500 

MHz, Acetone-d6) ŭ 11.91 (s, 1H), 7.98 (s, 1H), 7.81 (dd, J = 8.1, 1.6 Hz, 1H), 7.57 ï 7.49 (m, 

2H), 7.42 ï 7.31 (m, 1H), 7.00 (s, 1H); 19F NMR (376 MHz, Acetone-d6) ŭ -58.68; 13C NMR (126 

MHz, Acetone-d6) ŭ 159.7, 148.6, 142.8, 142.3 (d, J = 1.9 Hz), 138.5, 132.7, 129.3, 126.7, 124.7, 

123.1 (d, J = 1.9 Hz), 121.5 (q, J = 256.1 Hz), 91.4; HRMS (ESI-) m/z calcôd. for C12H6F3N4O3 

(M-H)- 311.0397, found 311.0397. 
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5-methoxy-N-(3-(tri fluoromethoxy)phenyl)-[1,2,5]oxadiazolo[3,4-b]pyridin -6-amine 

(3.7aa) Synthesized by general procedure 4.5 to yield 3.7aa 72% as a white solid. 1H NMR (500 

MHz, Acetone-d6) ŭ 8.34 (s, 1H), 7.62 ï 7.52 (m, 2H), 7.43 (dq, J = 2.3, 1.2 Hz, 1H), 7.41 ï 7.36 

(m, 1H), 7.17 ï 7.10 (m, 1H), 4.21 (s, 3H); 19F NMR (376 MHz, Acetone-d6) ŭ -58.54; 13C NMR 

(126 MHz, Acetone-d6) ŭ 161.3, 154.8, 150.7 (q, J = 1.9 Hz), 144.1, 142.1, 135.8, 131.9, 121.4 (q, 

J = 255.9 Hz), 121.3, 121.2, 117.2, 115.4 (d, J = 13.4 Hz), 94.6, 56.1; HRMS (ESI+) m/z calcôd. 

for C13H10F3N4O3 (M+H)+ 327.0700, found 327.0701. 

 

6-((3-(trifluoromethoxy)phenyl)amino)-[1,2,5]oxadiazolo[3,4-b]pyridin -5-ol (3.8aa) 

Synthesized by general procedure 4.5 to yield 3.8aa 60% as an off-white solid. 1H NMR (500 

MHz, Acetone-d6) ŭ 11.77 (s, 1H), 8.31 (s, 1H), 7.65 ï 7.54 (m, 2H), 7.49 (dt, J = 2.0, 0.9 Hz, 1H), 

7.21 (s, 1H), 7.17 ï 7.09 (m, 1H); 19F NMR (376 MHz, Acetone-d6) ŭ -58.53 (s, 3F); 13C NMR 

(126 MHz, Acetone-d6) ŭ 159.6, 150.7 (d, J = 2.2 Hz), 148.6, 142.9, 142.0, 138.5, 131.9, 121.4 (q, 

J = 255.9 Hz), 121.0, 117.1, 115.3, 91.4; HRMS (ESI-) m/z calcôd. for C12H6F3N4O3 (M-H)- 

311.0397, found 311.0407. 
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5-methoxy-N-(4-(trifluoromethoxy)phenyl) -[1,2,5]oxadiazolo[3,4-b]pyridin -6-amine (3.7ab) 

Synthesized by general procedure 4.5  to yield 3.7ab 83% as a yellow solid. 1H NMR (500 MHz, 

Acetone-d6) ŭ 8.26 (s, 1H), 7.64 ï 7.57 (m, 2H), 7.45 ï 7.40 (m, 2H), 7.28 (s, 1H), 4.21 (s, 3H); 

19F NMR (376 MHz, Acetone-d6) ŭ -58.85; 13C NMR (126 MHz, Acetone-d6) ŭ 161.4, 154.9, 146.1 

(d, J = 2.4 Hz), 144.2, 139.4, 136.5, 124.9, 123.3, 120.4 (q, J = 254.7 Hz), 93.6, 56.1; HRMS 

(ESI+) m/z calcôd. for C13H10F3N4O3 (M+H)+ 327.0700, found 327.0701. 

  

6-((4-(trifluoromethoxy)phenyl)amino)-[1,2,5]oxadiazolo[3,4-b]pyridin -5-ol (3.8ab) 

Synthesized by general procedure 4.6  to yield 3.8ab 98% as a yellow solid. 1H NMR (500 MHz, 

Acetone-d6) ŭ 11.77 (s, 1H), 8.22 (s, 1H), 7.70 ï 7.51 (m, 2H), 7.48 ï 7.37 (m, 2H), 7.11 (s, 1H); 

19F NMR (376 MHz, Acetone-d6) ŭ -58.84; 13C NMR (126 MHz, Acetone-d6) ŭ 159.7, 148.6, 145.9 

(q, J = 2.2 Hz), 143.0, 139.3, 138.9, 124.4, 123.2, 121.5 (q J = 255.2 Hz), 90.4; HRMS (ESI+) m/z 

calcôd. for C12H8F3N4O3 (M+H)+ 313.0543, found 313.0543 
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N-(2-fluoro-3-(trifluoromethoxy)phenyl) -5-methoxy-[1,2,5]oxadiazolo[3,4-b]pyridin -6-

amine (3.7ac) Synthesized by general procedure 4.5 to yield 3.7ac 76% as a white solid. 1H NMR 

(500 MHz, Acetone-d6) 8.09 (s, 1H), 7.71 ï 7.64 (m, 1H), 7.45 ï 7.39 (m, 2H), 7.00 (d, J = 2.3 Hz, 

1H), 4.24 (s, 3H); 19F NMR (376 MHz, Acetone-d6) -59.61 (d, J = 4.9 Hz), -138.41 ï -138.74 (m); 

13C NMR (126 MHz, Acetone-d6) ŭ 161.1, 155.0, 149.6 (d, J = 253.2 Hz), 144.1, 138.2 ï 138.0 

(m), 136.4, 129.7 (d, J = 10.1 Hz), 126.0 (d, J = 5.4 Hz), 125.8, 121.4 (d, J = 257.4 Hz), 121.2, 

95.2 (d, J = 2.6 Hz), 56.3; HRMS (ESI+) m/z calcôd. for C13H9F4N4O3 (M+H)+ 345.0605, found 

345.0600. 

 

6-((2-fluoro-3-(trifluoromethoxy)phenyl)amino)-[1,2,5]oxadiazolo[3,4-b]pyridin -5-ol (3.8ac) 

Synthesized by general procedure 4.6 to yield 3.8ac 42% as a white solid. 1H NMR (500 MHz, 

Acetone-d6) 11.89 (s, 1H), 8.10 (s, 1H), 7.77 ï 7.72 (m, 1H), 7.48 ï 7.36 (m, 2H), 6.94 (d, J = 1.7 

Hz, 1H); 19F NMR (376 MHz, Acetone-d6) -59.60 (d, J = 4.9 Hz, 3F), -140.28 ï -140.35 (m, 1F); 

13C NMR (126 MHz, Acetone-d6) ŭ 159.5, 149.0 (d, J = 252.5 Hz), 148.7, 142.8, 138.7, 138.1 ï 

137.8 (m), 129.8 (d, J = 9.8 Hz), 126.0 (d, J = 5.5 Hz), 124.5, 121.4 (q, J = 259.1 Hz), 120.6, 92.0 

(d, J = 2.7 Hz); HRMS (ESI-) m/z calcôd for C12H5F4N4O3 (M-H)- 329.0303, found 329.0340 
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N-(2-fluoro-4-(trifluoromethoxy)phenyl) -5-methoxy-[1,2,5]oxadiazolo[3,4-b]pyridin -6-

amine (3.7ad) Synthesized by general procedure 4.5 to yield 3.7ad 79% as a yellow solid. 1H 

NMR (500 MHz, Acetone-d6) 8.00 (s, 1H), 7.74 (t, J = 8.8 Hz, 1H), 7.46 ï 7.38 (m, 1H), 7.36 ï 

7.30 (m, 1H), 6.92 (d, J = 2.2 Hz, 1H), 4.24 (s, 3H); 19F NMR (376 MHz, Acetone-d6) -59.00 (s, 

3F), -117.67 ï -117.83 (m, 1F); 13C NMR (126 MHz, Acetone-d6) ŭ 160.2, 156.4 (d, J = 251.1 Hz), 

154.1, 143.2, 135.8, 127.5 (d, J = 3.1 Hz), 126.0 (d, J = 12.3 Hz), 120.4 (q, J = 256.4 Hz), 117.9 

(d, J = 4.6 Hz), 110.7, 110.5, 93.7 (d, J = 2.8 Hz), 55.3; HRMS (ESI+) m/z calcôd. for C13H9F4N4O3 

(M+H)+ 345.0605, found 345.0605. 

 

6-((2-fluoro-4-(trifluoromethoxy)phenyl)amino)-[1,2,5]oxadiazolo[3,4-b]pyridin -5-ol (3.8ad) 

Synthesized by general procedure 4.6 to yield 3.8ad 93% as a beige solid. 1H NMR (400 MHz, 

Acetone-d6) 11.86 (s, 1H), 8.00 (s, 1H), 7.83 ï 7.76 (m, 1H), 7.45 ï 7.40 (m, 1H), 7.36 ï 7.30 (m, 

1H), 6.85 (d, J = 1.8 Hz, 1H); 19F NMR (376 MHz, Acetone-d6) -59.03 (s, 3F), -119.41 ï -119.66 

(m, 1F); 13C NMR (126 MHz, Acetone-d6) ŭ 159.6 ï 159.2 (m), 156.9 (dd, J = 250.4, 10.9 Hz), 

148.6 (d, J = 14.7 Hz), 147.1 ï 146.2 (m), 142.8, 138.9 (d, J = 18.7 Hz), 127.2 ï 126.9 (m), 126.8 
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(d, J = 3.1 Hz), 126.6 (d, J = 3.2 Hz), 122.4 (q, J = 256.4 Hz), 118.8, 111.3 (d, J = 24.3 Hz), 91.8 

ï 91.2 (m); HRMS (ESI-) m/z calcôd for C12H5F4N4O3 (M-H)- 329.0303, found 329.0311 

  

N-(2-fluoro-5-(trifluoromethoxy)phenyl) -5-methoxy-[1,2,5]oxadiazolo[3,4-b]pyridin -6-

amine (3.7ae) Synthesized by general procedure 4.5 to yield 3.7ae 45% as a beige solid. 1H NMR 

(500 MHz, Acetone-d6) 8.06 (s, 1H), 7.61 (dd, J = 6.6, 3.0 Hz, 1H), 7.47 (t, J = 10.3, 9.1 Hz, 1H), 

7.34 ï 7.28 (m, 1H), 7.02 (d, J = 2.5 Hz, 1H), 4.24 (s, 3H); 19F NMR (376 MHz, Acetone-d6) -

59.07 (s, 3F), -123.11 ï -123.19 (m, 1F); 13C NMR (126 MHz, Acetone-d6) ŭ 161.1, 155.6 (d, J = 

247.9 Hz), 155.0, 146.1 ï 145.7 (m), 144.1, 136.0, 129.0 (d, J = 14.1 Hz), 120.5 (q, J = 256.2 Hz), 

120.3 (d, J = 9.9 Hz), 119.7, 118.7 (d, J = 22.5 Hz), 95.7 (d, J = 3.2 Hz), 56.3; HRMS (ESI+) m/z 

calcôd. for C13H9F4N4O3 (M+H)+ 345.0605, found 345.0599. 

 

6-((2-fluoro-5-(trifluoromethoxy)phenyl)amino)-[1,2,5]oxadiazolo[3,4-b]pyridin -5-ol (3.8ae) 

Synthesized by general procedure 4.6 to yield 3.8ae 60% as a beige solid. 1H NMR (500 MHz, 

Acetone-d6) 11.88 (s, 1H), 8.08 (s, 1H), 7.67 (dd, J = 6.6, 2.9 Hz, 1H), 7.47 (dd, J = 10.4, 9.0 Hz, 

1H), 7.30 ï 7.24 (m, 1H), 6.96 (d, J = 2.0 Hz, 1H); 19F NMR (376 MHz, Acetone-d6) -59.04 (1F, 

s), -125.15 ï -125.24 (3F, m); 13C NMR (126 MHz, Acetone-d6) ŭ 159.5, 154.9 (d, J = 247.1 Hz), 
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148.7, 146.1 ï 145.9 (m), 142.8, 138.4, 129.1 (d, J = 13.7 Hz), 121.4 (d, J = 256.2 Hz), 119.5 (d, 

J = 9.2 Hz), 118.5, 118.3, 92.5 (d, J = 3.2 Hz); HRMS (ESI-) m/z calcd for C12H5F4N4O3 (M-H)- 

329.0303, found 329.0303 

 

N-(4-fluoro-2-(trifluoromethoxy)phenyl) -5-methoxy-[1,2,5]oxadiazolo[3,4-b]pyridin -6-

amine (3.7af) Synthesized by general procedure 4.5 to yield 3.7af 37% as a white solid. 1H NMR 

(500 MHz, Acetone-d6) ŭ 7.89 (s, 1H), 7.75 (dd, J = 9.0, 5.8 Hz, 1H), 7.43 ï 7.39 (m, 1H), 7.39 ï 

7.33 (m, 1H), 6.79 (s, 1H), 4.24 (s, 3H); 19F NMR (376 MHz, Acetone-d6) ŭ -58.69 (s,3F), -113.53 

ï -113.60 (m,1F); 13C NMR (126 MHz, Acetone-d6) ŭ 161.2 (d, J = 247.1 Hz), 161.1, 154.9, 145.0 

ï 144.7 (m), 144.1, 137.4, 129.9 (d, J = 9.9 Hz), 128.9 (d, J = 4.3 Hz), 121.2 (q, J = 257.9 Hz), 

116.3 (d, J = 22.6 Hz), 111.0 (dd, J = 26.7, 1.8 Hz), 94.0, 56.3; HRMS (ESI-) m/z calcôd. for 

C13H7F4N4O3 (M-H)- 343.0460, found 377.0458. 

 

6-((4-fluoro-2-(trifluoromethoxy)phenyl)amino)-[1,2,5]oxadiazolo[3,4-b]pyridin -5-ol (3.8af) 

Synthesized by general procedure 4.6 to yield 3.8af 64% as a yellow solid. 1H NMR (500 MHz, 

Acetone-d6) ŭ 11.87 (s, 1H), 7.90 (s, 1H), 7.80 (dd, J = 9.0, 5.7 Hz, 1H), 7.41 (ddt, J = 10.2, 2.9, 
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1.4 Hz, 1H), 7.39 ï 7.32 (m, 1H), 6.79 (s, 1H); 19F NMR (376 MHz, Acetone-d6) ŭ -58.84, -114.51 

ï -114.59 (m); 13C NMR (126 MHz, Acetone-d6) ŭ 160.5 (d, J = 247.6 Hz), 159.5, 148.6, 143.6 

(dq, J = 11.7, 2.0 Hz), 142.8, 139.4, 129.1 (d, J = 4.1 Hz), 127.9 (d, J = 9.8 Hz), 121.3 (q, J = 257.9 

Hz), 116.2 (d, J = 22.5 Hz), 111.1 (dd, J = 26.8, 1.9 Hz), 90.8; HRMS (ESI-) m/z calcôd for 

C12H5F4N4O3 (M-H)- 329.0303, found 329.0303 

 

N-(5-fluoro-2-(trifluoromethoxy)phenyl) -5-methoxy-[1,2,5]oxadiazolo[3,4-b]pyridin -6-

amine (3.7ag) Synthesized by general procedure 4.5 to yield 3.7ag 57% as an off-white solid. 1H 

NMR (400 MHz, Acetone-d6) ŭ 7.89 (s, 1H), 7.64 ï 7.49 (m, 2H), 7.23 (s, 1H), 7.19 ï 7.11 (m, 

1H), 4.25 (s, 3H); 19F NMR (376 MHz, Acetone-d6) ŭ -59.03, -113.04 ï -113.34 (m); 13C NMR 

(126 MHz, Acetone-d6) ŭ 161.2 (d, J = 245.3 Hz), 160.3, 154.1, 143.1, 138.2 (q, J = 2.5, 1.7 Hz), 

134.8, 133.9 (d, J = 11.3 Hz), 124.2 (d, J = 10.2 Hz), 120.5 (q, J = 257.4 Hz), 112.6 (d, J = 23.9 

Hz), 111.8 (d, J = 26.3 Hz), 95.7, 55.5; HRMS (ESI+) m/z calcôd. for C13H9F4N4O3 (M+H)+ 

345.0605, found 345.0618.  

 

6-((5-fluoro-2-(trifluoromethoxy)phenyl)amino)-[1,2,5]oxadiazolo[3,4-b]pyridin -5-ol (3.8ag) 

Synthesized by general procedure 4.6 to yield 3.8ag 70% as an off-white solid. 1H NMR (400 

MHz, Acetone-d6) ŭ 11.99 (s, 1H), 8.06 (s, 1H), 7.67 ï 7.64 (m, 1H), 7.60 ï 7.55 (m, 1H), 7.27 (s, 
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1H), 7.14 ï 7.08 (m, 1H); 19F NMR (376 MHz, Acetone-d6) ŭ -59.13, -112.02 ï -113.59 (m); 13C 

NMR (126 MHz, Acetone-d6) ŭ 162.2 (d, J = 245.8 Hz), 159.6, 148.7, 142.7, 138.0 ï 137.8 (m), 

137.5, 134.6 (d, J = 11.7 Hz), 124.9 (d, J = 11.4 Hz), 121.5 (q, J = 257.4 Hz), 112.4 (d, J = 24.2 

Hz), 110.6 (d, J = 27.3 Hz), 93.4; HRMS (ESI+) m/z calcôd. for C12H7F4N4O3 (M+H)+ 331.0216, 

found 331.0449. 

 

N-(3-fluoro-4-(trifluoromethoxy)phenyl) -5-methoxy-[1,2,5]oxadiazolo[3,4-b]pyridin -6-

amine (3.7ah) Synthesized by general procedure 4.5 to yield 3.7ah 54% as a white solid. 1H NMR 

(400 MHz, Acetone-d6) 8.35 (s, 1H), 7.59 ï 7.50 (m, 2H), 7.49 (s, 1H), 7.46 ï 7.39 (m, 1H), 4.19 

(s, 3H); 19F NMR (376 MHz, Acetone-d6) ŭ -59.92 (dd, J = 5.5, 1.3 Hz), -128.58 ï -128.70 (m); 

13C NMR (126 MHz, Acetone-d6) ŭ 161.3, 155.7 (d, J = 250.4 Hz), 154.9, 144.1, 141.2 (d, J = 9.6 

Hz), 135.5, 132.8 ï 132.2 (m), 125.8, 121.5 (q, J = 256.5 Hz), 119.0 (d, J = 3.8 Hz), 111.4 (d, J = 

21.9 Hz), 95.6, 56.2; HRMS (ESI+) m/z calcôd. for C13H9F4N4O3 (M+H)+ 345.0605, found 

345.0604. 
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6-((3-fluoro-4-(trifluoromethoxy)phenyl)amino)-[1,2,5]oxadiazolo[3,4-b]pyr idin -5-ol (3.8ah) 

Synthesized by general procedure 4.6 to yield 3.8ah 50% as a beige solid. 1H NMR (400 MHz, 

Acetone-d6) 11.64 (s, 1H), 8.20 (s, 1H), 7.49 ï 7.38 (m, 2H), 7.38 ï 7.31 (m, 1H), 7.18 (s, 1H); 19F 

NMR (376 MHz, Acetone-d6) -59.94 (d, J = 5.1 Hz), -128.61 ï -128.72 (m); 13C NMR (126 MHz, 

Acetone-d6) ŭ 159.6, 155.6 (d, J = 250.2 Hz), 148.7, 142.8, 141.1 (d, J = 9.7 Hz), 138.2, 132.6 ï 

132.2 (m), 125.7, 121.5 (q, J = 256.4 Hz), 118.7 (d, J = 3.8 Hz), 111.1 (d, J = 22.0 Hz), 92.3; 

HRMS (ESI-) m/z calcôd. for C12H5F4N4O3 (M-H)- 329.0303, found 329.0302 

 

N-(3-fluoro-5-(trifluoromethoxy)phenyl) -5-methoxy-[1,2,5]oxadiazolo[3,4-b]pyridin -6-

amine (3.7ai) Synthesized by general procedure 4.5 to yield 3.7ai 61% as a tan solid. 1H NMR 

(500 MHz, Acetone-d6) 8.46 (s, 1H), 7.60 (s, 1H), 7.37 (dt, J = 10.4, 2.1 Hz, 1H), 7.31 ï 7.29 (m, 

1H), 6.97 ï 6.93 (m, 1H), 4.20 (s, 3H); 19F NMR (376 MHz, Acetone-d6) -58.74 (s, 3F), -109.81 

ï -109.87 (m, 1F); 13C NMR (126 MHz, Acetone-d6) ŭ 164.4 (d, J = 245.9 Hz), 161.4, 155.0, 151.4 

ï 151.0 (m), 144.0, 143.7 (d, J = 12.8 Hz), 135.1, 121.3 (q, J = 257.1 Hz), 110.7 (d, J = 3.9 Hz), 

107.7 (d, J = 25.3 Hz), 104.7 (d, J = 26.6 Hz), 97.1, 56.2; HRMS (ESI+) m/z calcôd. for 

C13H9F4N4O3 (M+H)+ 345.0605, found 345.0600. 
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6-((3-fluoro-5-(trifluoromethoxy)phenyl)amino)-[1,2,5]oxadiazolo[3,4-b]pyridin -5-ol (3.8ai) 

Synthesized by general procedure 4.6 to yield 3.8ai 26% as a white solid. 1H NMR (500 MHz, 

Acetone-d6) 11.83 (s, 1H), 8.42 (s, 1H), 7.42 (dt, J = 10.4, 2.1 Hz, 1H), 7.39 ï 7.37 (m, 2H), 6.98 

ï 6.92 (m, 1H); 19F NMR (376 MHz, Acetone-d6) -58.73 (s, 3F), -109.88 (t, 1F, J = 9.7 Hz); 13C 

NMR (126 MHz, Acetone-d6) ŭ 164.3 (d, J = 245.8 Hz), 159.5, 151.3 ï 151.0 (m), 148.7, 143.4 

(d, J = 12.9 Hz), 142.8, 137.8, 121.3 (q, J = 255.7 Hz), 110.6 (d, J = 4.0 Hz), 107.6 (d, J = 25.4 

Hz), 104.6 (d, J = 26.6 Hz), 93.5; HRMS (ESI-) m/z calcôd for C12H5F4N4O3 (M-H)- 329.0303, 

found 329.0302 

 

N-(2,3-bis(trifluoromethyl)phenyl) -5-methoxy-[1,2,5]oxadiazolo[3,4-b]pyridin -6-amine 

(3.7aj) Synthesized by general procedure 4.5 to yield 3.7aj 20% as a white solid. 1H NMR (500 

MHz, Acetone-d6) 8.15 ï 8.07 (m, 1H), 8.08 ï 8.00 (m, 2H), 7.90 (s, 1H), 6.87 (s, 1H), 4.28 (s, 

3H); 19F NMR (376 MHz, Acetone-d6) -56.25 ï -56.41 (m), -58.52 ï -58.67 (m); 13C NMR (126 

MHz, Acetone-d6) ŭ 161.0, 155.0, 144.0, 141.1 ï 141.0 (m), 138.1, 135.1, 134.7, 130.0 (q, J = 33.1 

Hz), 127.2 (q, J = 7.3 Hz), 125.4 (q, J = 31.1 Hz), 124.0 (q, J = 273.3 Hz), 123.8 (q, J = 274.4 Hz), 

95.3, 56.4; HRMS (ESI-) m/z calcôd. for C14H7F6N4O2 (M-H)- 377.0479, found 377.0480. 
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6-((2,3-bis(trifluoromethyl)phenyl)amino) -[1,2,5]oxadiazolo[3,4-b]pyridin -5-ol (3.8aj) 

Synthesized by general procedure 4.6 to yield 3.8aj 83% as a beige solid; 1H NMR (400 MHz, 

Acetone-d6) 11.92 (s, 1H), 8.14 (d, J = 8.1 Hz, 1H), 8.05 ï 7.93 (m, 3H), 6.84 (s, 1H). 19F NMR 

(376 MHz, Acetone-d6) -56.41 ï -56.59 (m), -58.48 ï -58.72 (m); 13C NMR (126 MHz, Acetone-

d6) ŭ 158.6, 147.8, 141.8, 140.1 (q, J = 2.1 Hz), 139.2, 134.0, 132.1, 129.0 (d, J = 34.1 Hz), 125.4 

(q, J = 7.5 Hz), 123.0 (q, J = 272.9 Hz), 123.0 (q, J = 270.3 Hz), 122.9 (q, J = 33.2 Hz), 91.1; 

HRMS (ESI-) m/z calcôd. for C13H5F6N4O2 (M-H)- 363.0322, found 363.0316.  

 

N-(2,3-bis(trifluoromethyl)phenyl) -5-methoxy-[1,2,5]oxadiazolo[3,4-b]pyridin -6-amine 

(3.7ak) Synthesized by general procedure 4.5 to yield 3.7ak 31% as a beige solid. 1H NMR (500 

MHz, Acetone-d6) 8.19 ï 8.07 (m, 2H), 7.85 ï 7.68 (m, 1H), 7.50 ï 7.24 (m, 1H), 4.28 (q, J = 6.3 

Hz, 3H); 19F NMR (376 MHz, Acetone-d6) -62.17, -63.03; 13C NMR (126 MHz, Acetone-d6) ŭ 

161.1, 155.1, 143.9, 142.3, 136.0, 131.9 (d, J = 4.5 Hz), 127.2, 125.6, 124.9 (dq, J = 274.9, 31.0 

Hz), 98.2, 56.6; HRMS (ESI-) m/z calcôd. for C14H7F6N4O2 (M-H)- 377.0479, found 377.0476. 
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6-((2,4-bis(trifluoromethyl)p henyl)amino)-[1,2,5]oxadiazolo[3,4-b]pyridin -5-ol (3.8ak) 

Synthesized by general procedure 4.6 to yield 3.8ak 54% as a yellow solid. 1H NMR (500 MHz, 

Acetone-d6) 12.03 (s, 1H), 8.18 ï 8.08 (m, 4H), 7.36 (s, 1H); 19F NMR (376 MHz, Acetone-d6) -

62.24 ï -62.39 (m), -62.76 ï -62.89 (m); 13C NMR (126 MHz, Acetone-d6) ŭ 159.7, 148.8, 142.6, 

141.8, 137.8, 131.8 (q, J = 4.5 Hz), 126.4 (q, J = 33.6 Hz), 125.7 ï 125.3 (m), 124.9, 124.5 (q, J = 

272.0 Hz), 124.3 (q, J = 275.2 Hz), 123.2 (q, J = 31.0 Hz), 94.6; HRMS (ESI-) m/z calcôd. for 

C13H5F6N4O2 (M-H)- 363.0322, found 363.0329. 

 

N-(2,5-bis(trifluoromethyl)phenyl) -5-methoxy-[1,2,5]oxadiazolo[3,4-b]pyridin -6-amine 

(3.7al) Synthesized by general procedure 4.5 to yield 3.7al 57% as a white solid. 1H NMR (500 

MHz, Acetone-d6) 8.20 ï 8.17 (m, 1H), 8.16 ï 8.11 (m, 1H), 7.97 ï 7.84 (m, 1H), 7.80 (s, 1H), 

7.02 (s, 1H), 4.29 (s, 3H); 19F NMR (376 MHz, Acetone-d6) -62.27, -63.83; 13C NMR (126 MHz, 

Acetone-d6) ŭ 161.0, 155.0, 144.0, 139.8 ï 139.3 (m), 137.6, 136.1 (q, J = 33.3 Hz), 130.2 (q, J = 

30.2, 29.4 Hz), 129.7 (q, J = 5.5 Hz), 125.9 (q, J = 4.1 Hz), 125.2 (qd, J = 272.9, 4.0 Hz), 124.3 (q, 

J = 4.1 Hz), 96.3, 56.4; HRMS (ESI-) m/z calcôd. for C14H7F6N4O2
 (M-H)- 377.0479, found 

377.0471. 
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6-((2,5-bis(trifluoromethyl)phenyl)amino) -[1,2,5]oxadiazolo[3,4-b]pyridin -5-ol (3.8al) 

Synthesized by general procedure 4.6 to yield 3.8al 79% as a beige solid. 1H NMR (400 MHz, 

Acetone-d6) ŭ 11.95 (s, 1H), 8.17 (s, 1H), 8.10 (d, J = 8.3 Hz, 1H), 7.95 (s, 1H), 7.82 (d, J = 8.0 

Hz, 1H), 7.06 (s, 1H); 19F NMR (376 MHz, Acetone-d6) -62.24 ï -62.45 (m), -63.54 ï -63.77 (m); 

13C NMR (126 MHz, Acetone-d6) ŭ 158.7, 147.9, 141.8, 138.5, 138.4 (d, J = 1.9 Hz), 135.0 (q, J 

= 33.3 Hz), 128.7 (q, J = 5.7 Hz), 127.4 (d, J = 30.4 Hz), 123.3 (d, J = 272.7 Hz), 122.5 (dq, J = 

30.5, 5.3, Hz), 92.26; HRMS (ESI-) m/z calcôd. for C13H5F6N4O2 (M-H)- 363.0322, found 

363.0331.  

 

N-(3,4-bis(trifluoromethyl)phenyl) -5-methoxy-[1,2,5]oxadiazolo[3,4-b]pyridin -6-amine 

(3.7am) Synthesized by general procedure 4.5 to yield 3.7am 58% as a beige solid. 1H NMR (400 

MHz, Acetone-d6) 8.68 (s, 1H), 8.05 ï 7.99 (m, 3H), 7.79 (s, 1H), 4.22 (s, 3H); 19F NMR (376 

MHz, Acetone-d6) -58.76 ï -59.01 (m), -59.97 ï -60.18 (m); 13C NMR (126 MHz, Acetone-d6) ŭ 

161.5, 155.1, 145.2, 143.9, 134.5, 130.8 (q, J = 6.3 Hz), 130.0 ï 129.0 (m), 124.1 (q, J = 271.5 

Hz), 123.8 (q, J = 272.8 Hz), 123.3, 121.9 ï 121.1 (m), 121.1 ï 120.8 (m), 98.6, 56.3; HRMS (ESI-

) m/z calcôd. for C14H7F6N4O2 (M-H)- 377.0479, found 377.0477. 
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6-((3,4-bis(trifluoromethyl)phenyl)amino) -[1,2,5]oxadiazolo[3,4-b]pyridin -5-ol (3.8am) 

Synthesized by general procedure 4.6 to yield 3.8am 52% as a beige solid. 1H NMR (500 MHz, 

Acetone-d6) 11.90 (s, 1H), 8.68 (s, 1H), 8.14 (s, 1H), 8.07 (t, 2H), 7.57 (s, 1H); 19F NMR (376 

MHz, Acetone-d6) -59.11 (q, J = 12.9 Hz), -60.25 (q, J = 12.9 Hz); 13C NMR (126 MHz, Acetone-

d6) ŭ 159.5, 148.8, 144.8, 142.7, 137.5, 130.8 (q, J = 6.4 Hz), 129.5 (d, J = 33.2 Hz), 124.2 (q, J = 

273.6 Hz), 123.8 (q, J = 273.6 Hz), 123.3, 121.5 (d, J = 31.4 Hz), 121.3 (d, J = 6.4 Hz), 94.7; 

HRMS (ESI-) m/z calcôd. for C13H5F6N4O2 (M-H)- 363.0322, found 363.0324. 

 

N-(3,5-bis(trifluoromethyl)phenyl) -5-methoxy-[1,2,5]oxadiazolo[3,4-b]pyridin -6-amine 

(3.7an) Synthesized by general procedure 4.5 to yield 3.7an 68% as a beige solid. 1H NMR (500 

MHz, Acetone-d6) 8.58 (s, 1H), 8.11 (s, 2H), 7.77 (s, 1H), 7.65 (s, 1H), 4.23 (s, 3H); 19F NMR 

(376 MHz, Acetone-d6) -63.60; 13C NMR (126 MHz, Acetone-d6) ŭ 161.5, 155.1, 144.0, 143.0, 

135.3, 133.3 (d, J = 33.4 Hz), 124.3 (d, J = 272.2 Hz), 122.5 (d, J = 4.5 Hz), 117.6 (q, J = 4.2 Hz), 

97.2, 56.3; HRMS (ESI+) m/z calcôd. for C14H9F6N4O2 (M+H)+ 379.0624, found 379.0621. 
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6-((3,5-bis(trifluoromethyl)phenyl)amino) -[1,2,5]oxadiazolo[3,4-b]pyridin -5-ol (3.8an) 

Synthesized by general procedure 4.6 to yield 3.8an 60% as a beige solid. 1H NMR (400 MHz, 

Acetone-d6) 11.84 (s, 1H), 8.57 (s, 1H), 8.16 (s, 2H), 7.79 ï 7.74 (m, 1H), 7.42 (d, J = 4.1 Hz, 1H); 

19F NMR (376 MHz, Acetone-d6) -63.57; 13C NMR (126 MHz, Acetone-d6) ŭ 159.5, 148.8, 142.8, 

142.7, 138.1, 133.3 (q, J = 33.3 Hz), 124.3 (q, J = 272.0 Hz), 122.4 (q, J = 4.6 Hz), 117.6 (p, J = 

4.2 Hz), 93.5; HRMS (ESI-) m/z calcôd for C13H5F6N4O2 (M-H)- 363.0322, found 363.0332  

 

5-methoxy-N-(4-(trifluoromethoxy) -2-(trifluoromethyl)phenyl) -[1,2,5]oxadiazolo[3,4-

b]pyridin -6-amine (3.7ao) Synthesized by general procedure 4.5 to yield 3.7ao 24% as a white 

solid 1H NMR (400 MHz, Acetone-d6) ŭ 7.95 (dq, J = 8.4, 0.8 Hz, 1H), 7.84 ï 7.78 (m, 2H), 7.70 

(s, 1H), 6.92 (s, 1H), 4.26 (d, J = 0.8 Hz, 3H); 19F NMR (376 MHz, Acetone-d6) ŭ -58.97, -62.23; 

13C NMR (126 MHz, Acetone-d6) ŭ 161.0, 154.9, 147.4 (d, J = 2.3 Hz), 144.0, 137.8, 137.3 (q, J 

= 1.9 Hz), 131.4, 128.5 (q, J = 30.9 Hz), 127.1, 123.8 (q, J = 272.9 Hz), 121.5 (q, J = 5.7 Hz), 

121.3 (q, J = 257.1 Hz), 95.4, 56.4; HRMS (ESI+) m/z calcôd for C14H9F6N4O3 (M+H)+  395.0573 

Found: 395.0556 
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6-((4-(trifluoromethoxy) -2-(trifluoromethyl)phenyl)amino) -[1,2,5]oxadiazolo[3,4-b]pyridin -

5-ol (3.8ao) Synthesized by general procedure 4.6 to yield 3.8ao 80% as a tan solid. 1H NMR (500 

MHz, Acetone-d6) ŭ 11.96 (s, 1H), 8.02 ï 7.98 (m, 1H), 7.89 (s, 1H), 7.82 ï 7.77 (m, 2H), 6.98 (s, 

1H); 19F NMR (376 MHz, Acetone-d6) -58.99, -62.41; 13C NMR (126 MHz, Acetone-d6) ŭ 159.6, 

148.7, 146.4 (d, J = 2.6 Hz), 142.7, 139.4, 137.2 (q, J = 2.1 Hz), 128.8, 127.6, 126.4 (q, J = 31.0 

Hz), 124.0 (q, J = 276.1 Hz), 121.5 (q, J = 6.1 Hz), 121.3 (q, J = 258.5 Hz), 92.3; HRMS (ESI-) 

m/z calcôd for C13H5F6N4O3 (M-H)- 379.0271, found 379.0282  

 

5-methoxy-N-(4-(trifluoromethoxy) -3-(trifluorome thyl)phenyl)-[1,2,5]oxadiazolo[3,4-

b]pyridin -6-amine (3.7ap) Synthesized by general procedure 4.5 to yield 3.7ap 80% as a tan 

solid. 1H NMR (500 MHz, Acetone-d6) 8.45 (s, 1H), 7.95 (dd, J = 9.0, 2.8 Hz, 1H), 7.91 (d, J = 

2.8 Hz, 1H), 7.69 (d, J = 9.0 Hz, 1H), 7.50 (d, J = 0.9 Hz, 1H), 4.22 (s, 3H); 19F NMR (376 MHz, 

Acetone-d6) -57.91 ï -57.94 (m), -62.05 ï -62.09 (m); 13C NMR (126 MHz, Acetone-d6) ŭ 161.4, 

155.0, 144.1, 142.6 ï 142.4 (m), 139.9, 135.8, 127.8, 124.4 (q, J = 32.0 Hz), 124.0 ï 123.8 (m), 
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123.4 (d, J = 271.7 Hz), 122.0 (q, J = 5.4 Hz), 121.3 (q, J = 258.3 Hz), 95.6, 56.2; HRMS (ESI-) 

m/z calcd for C14H7F6N4O3 (M-H)- 393.0428, found 393.0424 

 

6-((4-(trifluoromethoxy) -3-(trifluoromethyl)phenyl)amino) -[1,2,5]oxadiazolo[3,4-b]pyridin -

5-ol (3.8ap) Synthesized by general procedure 4.6 to yield 3.8ap 42% as a white solid. 1H NMR 

(500 MHz, Acetone-d6) 11.85 (s, 1H), 8.45 (s, 1H), 8.01 ï 7.96 (m, 2H), 7.73 ï 7.67 (m, 1H), 7.31 

(s, 1H); 19F NMR (376 MHz, Acetone-d6) -57.88 ï -57.95 (m), -62.05 (q, J = 2.5 Hz); 13C NMR 

(126 MHz, Acetone-d6) ŭ 159.5, 148.7, 142.8, 142.4 ï 142.3 (m), 139.7, 138.5, 127.4, 124.4 (q, J 

= 32.1 Hz), 123.8 ï 123.7 (m), 123.4 (q, J = 272.5 Hz), 121.9 (q, J = 5.4 Hz), 121.3 (q, J = 258.1 

Hz), 92.1; HRMS (ESI-) m/z calcôd for C13H5F6N4O3 (M-H)- 379.0271, found 379.0263 

 

N-(2,4-difluoro -5-(trifluoromethyl)phenyl) -5-methoxy-[1,2,5]oxadiazolo[3,4-b]pyridin -6-

amine (3.7aq) Synthesized by general procedure 4.5 to yield 3.7aq 60% as a brown solid. 1H 

NMR (400 MHz, Acetone-d6) ŭ 8.06 ï 8.03 (m, 1H), 8.00 ï 7.94 (m, 1H), 7.57 (tdd, J = 10.5, 1.3, 

0.7 Hz, 1H), 6.90 (d, J = 2.6 Hz, 1H), 4.24 (s, 4H); 19F NMR (376 MHz, Acetone-d6) ŭ -61.53 (dd, 

J = 12.8, 1.7 Hz), -109.43 ï -109.59 (m), -114.89 ï -115.11 (m); 13C NMR (126 MHz, Acetone-

d6) ŭ 161.1, 161.8 ï 159.5 (m), 159.6 ï 157.5 (m), 155.0, 144.1, 137.0, 127.1 (dt, J = 8.7, 4.4 Hz), 



114 

 

124.9 ï 124.5 (m), 123.2 (q, J = 270.3 Hz), 116.2 ï 115.5 (m), 108.9 ï 107.6 (m), 95.2 (d, J = 2.9 

Hz), 56.2; HRMS (ESI-) m/z calcôd. for C13H6F5N4O2 (M-H)- 345.0416, Found 345.0408 

 

6-((2,4-difluoro -5-(trifluoromethyl)phenyl)amino) -[1,2,5]oxadiazolo[3,4-b]pyridin -5-ol 

(3.8aq) Synthesized by general procedure 4.6 to yield 3.8aq 20% as a Beige solid 1H NMR (500 

MHz, Acetone-d6) ŭ 11.87 (s, 1H), 8.07 ï 7.98 (m, 2H), 7.59 (t, J = 10.4 Hz, 1H), 6.78 (d, J = 2.3 

Hz, 1H); 19F NMR (376 MHz, Acetone-d6) ŭ -61.50 (dd, J = 12.6, 1.6 Hz), -110.2 ï -110.41 (m), 

-115.3 ï -115.5 (m); 13C NMR (126 MHz, Acetone-d6) ŭ 160.1 (dd, J = 258.5, 13.0 Hz), 159.3, 

158.2 (qd, J = 255.8, 2.3 Hz), 148.8, 142.8, 139.7, 126.3 (h, J = 4.3 Hz), 124.7 (dd, J = 13.1, 4.3 

Hz), 123.2 (qd, J = 271.2, 2.2 Hz), 115.9 ï 115.2 (m), 108.5 ï 107.1 (m), 91.8 (d, J = 2.9 Hz); 

HRMS (ESI-) m/z calcôd. for C12H4F5N4O2 (M-H)- 331.0260, Found 331.10249 

 

N-(2,4-difluoro -5-(trifluoromethoxy)phenyl) -5-methoxy-[1,2,5]oxadiazolo[3,4-b]pyridin -6-

amine (3.7ar) Synthesized by general procedure 4.5 to yield 3.7ar 68% as a tan solid. 1H NMR 

(500 MHz, Acetone-d6) 8.04 (s, 1H), 7.78 (t, J = 7.2 Hz, 1H), 7.57 (t, J = 10.2 Hz, 1H), 6.90 (d, J 

= 2.5 Hz, 1H), 4.23 (s, 3H); 19F NMR (376 MHz, Acetone-d6) -60.06 (d, J = 5.5 Hz, 3F), -116.62 
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ï -116.72 (m,1F), -129.00 ï -129.12 (m, 1F); 13C NMR (126 MHz, Acetone-d6) ŭ 161.1, 156.4 

(dd, J = 252.3, 10.8 Hz), 155.0, 153.3 (dd, J = 252.2, 12.2 Hz), 144.1, 136.8, 133.4 ï 133.1 (m), 

124.6 (dd, J = 14.2, 4.4 Hz), 123.3 (d, J = 4.0 Hz), 121.4 (q, J = 257.7 Hz), 107.8 (dd, J = 26.4, 

23.6 Hz), 95.0 (d, J = 2.9 Hz), 56.2; HRMS (ESI-) m/z calcôd for C13H6F5N4O3 (M-H)- 361.0366, 

found 361.0358 

 

6-((2,4-difluoro -5-(trifluoromethoxy)phenyl)amino)-[1,2,5]oxadiazolo[3,4-b]pyridin -5-ol 

(3.8ar) Synthesized by general procedure 4.6 to yield 3.8ar 94% as a tan solid. 1H NMR (500 

MHz, Acetone-d6) 11.86 (s, 1H), 8.04 (s, 1H), 7.91 ï 7.72 (m, 1H), 7.59 (t, J = 10.2 Hz, 1H), 6.79 

(d, J = 2.2 Hz, 1H); 19F NMR (376 MHz, Acetone-d6) -60.03 ï -60.07 (m), -117.73 ï -117.82 (m), 

-129.49 ï -129.62 (m); 13C NMR (126 MHz, Acetone-d6) ŭ 159.3, 155.8 (dd, J = 251.7, 10.8 Hz), 

152.9 (dd, J = 251.8, 12.3 Hz), 148.7, 142.8, 139.3, 133.3 ï 133.1 (m), 124.7 (dd, J = 14.0, 4.3 

Hz), 122.3 (d, J = 3.9 Hz), 121.4 (q, J = 259.4 Hz), 107.6 (dd, J = 26.2, 23.5 Hz), 91.8 (d, J = 2.9 

Hz); HRMS (ESI-) m/z calcôd for C12H4F5N4O3 (M-H)- 347.0209, found 347.0200 
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5-methoxy-N-(4-(methylsulfonyl)phenyl)-[1,2,5]oxadiazolo[3,4-b]pyridin -6-amine (3.7as) 

Synthesized by general procedure 4.5 to yield 3.7as 81% as a white solid. 1H NMR (400 MHz, 

Acetone-d6) 8.51 (s, 1H), 8.00 ï 7.95 (m, 2H), 7.77 ï 7.55 (m, 3H), 4.21 (s, 3H), 3.13 (s, 3H); 13C 

NMR (126 MHz, Acetone-d6) ŭ 159.6, 148.7, 145.1, 142.8, 137.7, 136.5, 129.9, 121.4, 93.4, 44.5; 

HRMS (ESI-) m/z calcôd. for C13H11N4O4S (M-H)- 319.0494, found 319.0494 

 

6-((4-(methylsulfonyl)phenyl)amino)-[1,2,5]oxadiazolo[3,4-b]pyridin -5-ol (3.8as) Synthesized 

by general procedure 4.6 to yield 3.8as 67% yield as a white solid. 1H NMR (500 MHz, Acetone-

d6) 11.84 (s, 1H), 8.47 (s, 1H), 8.01 ï 7.96 (m, 2H), 7.80 ï 7.75 (m, 2H), 7.44 (s, 1H), 3.13 (s, 3H); 

13C NMR (126 MHz, Acetone-d6) ŭ 159.6, 148.7, 145.1, 142.8, 137.7, 136.5, 129.9, 121.4, 93.4, 

44.5; HRMS (ESI-) m/z calcôd. for C12H9N4O4S (M-H)- 305.0350, found 305.0340 

 

5-methoxy-N-(3-((trifluoromethyl)sulfonyl)phenyl) -[1,2,5]oxadiazolo[3,4-b]pyrid in-6-amine 

(3.7at) Synthesized by general procedure 4.5 to yield 3.7at 85% as a yellow solid. 1H NMR (500 

MHz, Acetone-d6) 8.62 (s, 1H), 8.23 ï 8.16 (m, 1H), 8.14 (s, 1H), 7.93 (t, J = 8.0 Hz, 1H), 7.90 ï 

7.86 (m, 1H), 7.53 (s, 1H), 4.23 (s, 3H); 19F NMR (376 MHz, Acetone-d6) -79.70; 13C NMR (126 
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MHz, Acetone-d6) ŭ 161.4, 155.0, 143.9, 142.8, 135.4, 132.9, 132.6, 130.3, 126.3, 124.0, 120.7 (q, 

J = 327.0 Hz), 96.0, 56.2; HRMS (ESI-) m/z calcôd for C13H8F3N4O4S (M-H)- 373.0224, found 

373.0223 

 

6-((3-((trifluoromethyl)sulfonyl)phenyl )amino)-[1,2,5]oxadiazolo[3,4-b]pyridin -5-ol (3.8at) 

Synthesized by general procedure 4.6 to yield 3.8at 87% as a yellow solid. 1H NMR (400 MHz, 

Acetone-d6) 11.84 (s, 1H), 8.61 (s, 1H), 8.23 ï 8.18 (m, 2H), 7.97 ï 7.91 (m, 1H), 7.90 ï 7.84 (m, 

1H), 7.31 (s, 1H); 19F NMR (376 MHz, Acetone-d6) -79.68; 13C NMR (126 MHz, Acetone-d6) ŭ 

159.5, 148.8, 142.8, 142.6, 138.3, 132.9, 132.6, 130.3, 126.3, 124.1, 120.8 (q, J = 325.2), 92.6; 

HRMS (ESI-) m/z calcôd for C12H6F3N4O4S (M-H)- 359.0067, found 359.0072 

 

5-methoxy-N-(4-((trifluoromethyl)sulfonyl)phenyl )-[1,2,5]oxadiazolo[3,4-b]pyridin -6-amine 

(3.7au) Synthesized by general procedure 4.5 to yield 3.7au 74% as an off-white solid. 1H NMR 

(400 MHz, Acetone-d6) 8.89 ï 8.75 (m, 1H), 8.11 ï 8.04 (m, 2H), 7.97 (s, 1H), 7.91 ï 7.83 (m, 

2H), 4.21 (s, 3H); 19F NMR (376 MHz, Acetone-d6) -79.96 ï -80.06 (m); 13C NMR (126 MHz, 



118 

 

Acetone-d6) ŭ 161.6, 155.2, 149.7, 143.8, 133.7, 123.0, 120.9 (q, J = 327.1 Hz), 120.5, 101.5, 56.3; 

HRMS (ESI-) m/z calcôd. for C13H8F3N4O4S (M-H)- 373.0224, found 373.0224 

 

6-((4-((trifluoromethyl)sulfonyl)phenyl)amino) -[1,2,5]oxadiazolo[3,4-b]pyridin -5-ol (3.8au) 

Synthesized by general procedure 4.6 to yield 3.8au 98% as a yellow solid. 1H NMR (400 MHz, 

Acetone-d6) 11.90 (s, 1H), 8.75 (s, 1H), 8.14 ï 8.08 (m, 2H), 7.99 ï 7.92 (m, 2H), 7.71 (s, 1H); 19F 

NMR (376 MHz, Acetone-d6) -79.95 ï -80.09 (m); 13C NMR (126 MHz, Acetone-d6) ŭ 159.5, 

149.1, 148.9, 142.6, 136.7, 133.6, 123.4 (d, J = 2.0 Hz), 121.0, 120.9 (q, J = 326.2 Hz), 97.0; 

HRMS (ESI-) m/z calcôd. for C12H6F3N4O4S (M-H)- 359.0067, found 359.0073 

 

5-methoxy-N-(3-(pentafluoro-l6-sulfaneyl)phenyl)-[1,2,5]oxadiazolo[3,4-b]pyridin -6-amine 

(3.7av) Synthesized by general procedure 4.5 to yield 3.7av 88% as a yellow solid. 1H NMR (400 

MHz, Acetone-d6) 8.43 (s, 1H), 7.92 (q, J = 2.3 Hz, 1H), 7.88 ï 7.82 (m, 1H), 7.74 ï 7.65 (m, 2H), 

7.38 (d, J = 2.3 Hz, 1H), 4.22 (d, J = 2.3 Hz, 3H); 13C NMR (126 MHz, Acetone-d6) ŭ 161.3, 155.2 

(p, J = 18.1, 17.4 Hz), 154.9, 144.0, 141.2, 135.9, 131.1, 126.1, 122.2 (q, J = 4.7 Hz), 120.8 (q, J 

= 4.8 Hz), 94.6, 56.2; HRMS (ESI-) m/z calcôd. for C12H8F5N4O2S (M-H)- 367.0294, found 

367.0278 
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6-((3-(pentafluoro-l6-sulfaneyl)phenyl)amino)-[1,2,5]oxadiazolo[3,4-b]pyridin -5-ol (3.8av) 

Synthesized by general procedure 4.6 to yield 3.8av 62% as a yellow solid. 1H NMR (400 MHz, 

Acetone-d6) ŭ 11.80 (s, 1H), 8.42 (s, 1H), 8.00 (t, J = 2.1 Hz, 1H), 7.86 (d, J = 7.7 Hz, 1H), 7.75 

ï 7.65 (m, 2H), 7.18 (s, 1H); 19F NMR (376 MHz, Acetone-d6) ŭ 83.99 (p, J = 146.1 Hz, 1F), 

62.01 (d, J = 148.4 Hz, 4F). 13C NMR (126 MHz, Acetone-d6) ŭ 159.6, 155.1 (t, J = 17.4 Hz), 

148.7, 142.8, 141.1, 138.7, 131.1, 125.9, 122.1 (p, J = 5.0 Hz), 120.7 (p, J = 5.1 Hz), 91.5; 

HRMS (ESI+) m/z calcôd. for C11H8F5N4O2S (M+H)+ 355.0283, found 355.0281 

 

5-methoxy-N-(4-(pentafluoro-l6-sulfaneyl)phenyl)-[1,2,5]oxadiazolo[3,4-b]pyridin -6-amine 

(3.7aw) Synthesized by general procedure 4.5 to yield 3.7aw 65% as a beige solid. 1H NMR (400 

MHz, Acetone-d6) ŭ 8.49 (s, 1H), 7.94 ï 7.89 (m, 2H), 7.70 ï 7.66 (m, 2H), 7.64 (s, 1H), 4.21 (s, 

3H); 13C NMR (126 MHz, Acetone-d6) ŭ 161.5, 155.0, 149.3 ï 148.7 (m), 144.1, 144.0, 135.0, 

128.5 ï 128.2 (m), 121.3, 96.8, 56.2; HRMS (ESI+) m/z calcôd. for C12H10F5N4O2S (M+H)+ 

369.0439, found 367.0432 

 

6-((4-(pentafluoro-l6-sulfaneyl)phenyl)amino)-[1,2,5]oxadiazolo[3,4-b]pyridin -5-ol (3.8aw) 

Synthesized by general procedure 4.6 to yield 3.8aw 68% as a yellow solid. 1H NMR (400 MHz, 
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Acetone-d6) ŭ 11.82 (s, 1H), 8.44 (s, 1H), 7.96 ï 7.90 (m, 2H), 7.78 ï 7.70 (m, 2H), 7.43 (s, 1H); 

19F NMR (376 MHz, Acetone-d6) ŭ 85.47 (p, J = 148.3 Hz, 1F), 63.08 (d, J = 148.5 Hz, 4F). 

 13C NMR (126 MHz, Acetone-d6) ŭ 159.6, 149.0 (t, J = 17.0 Hz), 148.7, 143.8, 142.8, 137.7, 128.5 

ï 128.1 (m), 121.3, 93.2; HRMS (ESI-) m/z calcôd. for C11H6F5N4O2S (M-H)- 353.0137, found 

353.0134 

 

 

5-methoxy-N-(4-(1,1,2,2-tetrafluoroethoxy)phenyl)-[1,2,5]oxadiazolo[3,4-b]pyridin -6-amine 

(3.7ax) Synthesized by general procedure 4.5 to yield 3.7ax 52% as a yellow solid. 1H NMR (400 

MHz, Acetone-d6 8.22 (s, 1H), 7.60 ï 7.54 (m, 2H), 7.40 ï 7.34 (m, 2H), 7.24 (s, 1H), 6.52 (tt, J 

= 52.5, 3.1 Hz, 1H), 4.21 (s, 3H); 19F NMR (376 MHz, Acetone-d6) -89.11 (2F, q, J = 5.4 Hz), -

138.40 ï -138.81 (2F, m); 13C NMR (126 MHz, Acetone-d6) ŭ 161.4, 154.8, 145.9, 144.2, 138.9, 

136.6, 117.7, 109.9 (d, J = 290.0 Hz), 109.1, 108.2 (d, J = 290.2 Hz), 93.3, 56.1; HRMS (ESI+) 

m/z calcôd. for C14H11F4N4O3 (M+H)+ 359.0762, found 359.0758 
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6-((4-(1,1,2,2-tetrafluoroethoxy)phenyl)amino)-[1,2,5]oxadiazolo[3,4-b]pyridin -5-ol (3.8ax) 

Synthesized by general procedure 4.6 to yield 3.8ax 83% as a yellow solid. 1H NMR (500 MHz, 

Acetone-d6 11.78 (s, 1H), 8.19 (s, 1H), 7.66 ï 7.51 (m, 2H), 7.45 ï 7.33 (m, 2H), 7.08 (s, 1H), 6.52 

(tt, J = 52.5, 3.1 Hz, 1H); 19F NMR (376 MHz, Acetone-d6) ŭ -89.08 ï -89.13 (m), -138.61 (dt, J 

= 52.6, 5.4 Hz). 13C NMR (126 MHz, Acetone-d6) ŭ 159.7, 148.6, 145.7 (d, J = 2.3 Hz), 143.0, 

139.0, 138.8, 124.4, 123.8, 118.3 (tt), 109.1 (tt, J = 248.7, 41.6 Hz), 90.1; HRMS (ESI-) m/z calcôd. 

for C13H7F4N4O3 (M-H)- 343.0460, found 343.0448  

 

5-methoxy-N-(6-(trifluoromethyl)pyridin -3-yl)-[1,2,5]oxadiazolo[3,4-b]pyridin -6-amine 

(3.7ay) Synthesized by general procedure 4.5 to yield 3.7ay 71% as a white solid. 1H NMR (400 

MHz, Acetone-d6) 8.83 (d, J = 2.6 Hz, 1H), 8.59 (s, 1H), 8.20 (dd, J = 8.6, 2.7 Hz, 1H), 7.89 (d, J 

= 8.5 Hz, 1H), 7.65 (s, 1H), 4.22 (s, 3H); 19F NMR (376 MHz, Acetone-d6) ŭ -67.73; 13C NMR 

(126 MHz, Acetone-d6) ŭ 161.3, 155.0, 144.2, 143.9, 142.4 (q, J = 34.9 Hz), 140.4, 134.9, 128.8, 

122.9 (d, J = 272.5 Hz), 122.1 (d, J = 3.3 Hz), 97.1, 56.3; HRMS (ESI-) m/z calcôd. for 

C12H7F3N5O2 (M-H)- 310.0557, found 310.0547 
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6-((6-(trifluoromethyl)pyridin -3-yl)amino)-[1,2,5]oxadiazolo[3,4-b]pyridin -5-ol (3.8ay) 

Synthesized by general procedure 4.6 to yield 3.8ay 80% as a white solid. 1H NMR (500 MHz, 

Acetone-d6) 11.87 (s, 1H), 8.92 (d, J = 2.7 Hz, 1H), 8.55 (s, 1H), 8.23 (dd, J = 8.6, 2.7 Hz, 1H), 

7.90 (d, J = 8.6 Hz, 1H), 7.45 (s, 1H); 19F NMR (376 MHz, Acetone-d6) ŭ -67.72; 13C NMR (126 

MHz, Acetone-d6) ŭ159.5, 148.8, 144.2, 142.7, 142.4 (q, J = 34.7 Hz), 140.1, 137.8, 128.6, 122.9 

(q, J = 274.0 Hz), 122.0 (q, J = 3.1 Hz), 93.7; HRMS (ESI-) m/z calcôd. for C11H5F3N5O2 (M+H)- 

296.0401, found 296.0404 

 

N-(3-(tert -butyl)phenyl)-5-methoxy-[1,2,5]oxadiazolo[3,4-b]pyridin -6-amine (3.7az) 

Synthesized by general procedure 4.5 to yield 3.7az 58% as a tan solid. 1H NMR (500 MHz, 

Acetone-d6) 8.11 (s, 1H), 7.49 (t, J = 2.0 Hz, 1H), 7.42 (t, J = 7.9 Hz, 1H), 7.34 ï 7.28 (m, 2H), 

7.15 (s, 1H), 4.23 (s, 3H), 1.36 (s, 9H); 13C NMR (126 MHz, Acetone-d6) ŭ 161.5, 154.8, 153.7, 

144.3, 139.7, 137.0, 130.1, 122.8, 121.1, 120.6, 92.2, 56.1, 35.4, 31.5; HRMS (ESI+) m/z calcôd. 

for C16H19N4O2 (M+H)+ 299.1503, found 299.1502 

 

6-((3-(tert -butyl)phenyl)amino)-[1,2,5]oxadiazolo[3,4-b]pyridin -5-ol (3.8az) Synthesized by 

general procedure 4.6 to yield 3.8az 84% as a beige solid. 1H NMR (400 MHz, Acetone-d6) 11.75 
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(s, 1H), 8.07 (s, 1H), 7.50 (t, J = 2.0 Hz, 1H), 7.40 (t, J = 7.8 Hz, 1H), 7.35 ï 7.30 (m, 1H), 7.29 ï 

7.24 (m, 1H), 6.99 (s, 1H), 1.35 (s, 9H); 13C NMR (126 MHz, Acetone-d6) ŭ 158.9, 152.7, 147.6, 

142.2, 138.8, 138.4, 129.1, 121.6, 119.7, 119.0, 88.2, 30.6, 29.7; HRMS (ESI+) m/z calcôd. for 

C15H17N4O2 (M+H)+ 285.1346, found 285.1343 

 

5-methoxy-N-(4-methoxyphenyl)-[1,2,5]oxadiazolo[3,4-b]pyrid in-6-amine (3.7ba) 

Synthesized by general procedure 4.5 to yield 3.7ba 67% as a yellow solid. 1H NMR (500 MHz, 

Acetone-d6) 7.96 (s, 1H), 7.38 ï 7.34 (m, 2H), 7.10 ï 6.97 (m, 2H), 6.87 (s, 1H), 4.20 (s, 3H), 3.84 

(s, 3H); 13C NMR (126 MHz, Acetone-d6) ŭ 161.4, 158.4, 154.7, 144.4, 138.1, 132.3, 126.4, 126.3, 

115.7, 91.0, 55.8; HRMS (ESI+) m/z calcôd. for C13H13N4O3 (M+H)+ 273.0982, found 273.0982. 

 

6-((4-methoxyphenyl)amino)-[1,2,5]oxadiazolo[3,4-b]pyridin -5-ol (3.8ba) Synthesized by 

general procedure 4.6 to yield 3.8ba 70% as a yellow solid. 1H NMR (400 MHz, Acetone-d6) 11.70 

(s, 1H), 7.93 (s, 1H), 7.41 ï 7.35 (m, 2H), 7.06 ï 7.00 (m, 2H), 6.73 (s, 1H), 3.83 (s, 3H ); 13C 

NMR (126 MHz, Acetone-d6) ŭ 158.2, 143.1, 140.4, 132.5, 125.7, 125.6, 115.6, 87.9, 55.8; HRMS 

(ESI+) m/z calcôd for C12H10N4O3 (M+H)+ 258.0753, found 258.075 
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5-methoxy-N-(p-tolyl) -[1,2,5]oxadiazolo[3,4-b]pyridin -6-amine (3.7bb) Synthesized by 

general procedure 4.5 to yield 3.7bb 78% as a yellow solid. 1H NMR (400 MHz, Acetone-d6) 8.04 

(s, 1H), 7.38 ï 7.22 (m, 4H), 7.06 (s, 1H), 4.20 (s, 3H), 2.35 (d, J = 0.7 Hz, 3H); 13C NMR (126 

MHz, Acetone-d6) ŭ 161.4, 154.8, 144.3, 137.3 (d, J = 5.6 Hz), 135.5, 131.0, 124.0, 123.9, 91.9, 

56.0, 20.9; HRMS (ESI+) m/z calcôd for C13H13N4O2 (M+H)+ 257.1033, found 257.1033 

 

6-(p-tolylamino)-[1,2,5]oxadiazolo[3,4-b]pyridin -5-ol (3.8bb) Synthesized by general 

procedure 4.6 to yield 3.8bb 85% as a yellow solid. 1H NMR (400 MHz, Acetone-d6) 11.73 (s, 

1H), 7.99 (s, 1H), 7.39 ï 7.31 (m, 2H), 7.30 ï 7.25 (m, 2H), 6.92 (s, 1H), 2.34 (d, J = 0.7 Hz, 3H); 

13C NMR (126 MHz, Acetone-d6) ŭ 159.7, 148.4, 143.1, 139.4, 137.2, 135.1, 130.9, 123.2, 88.7, 

20.9; HRMS (ESI+) m/z calcôd for C12H11N4O2 (M+H)+ 243.0877, found 243.0875 
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4-methyl-6-((4-(1,1,2,2-tetrafluoroethoxy)phenyl)amino)-[1,2,5]oxadiazolo[3,4-b]pyridin -

5(4H)-one (3.9) Synthesized by general procedure 4.6 at 110 °C for 16 h to yield 3.9 56% as a 

white solid 1H NMR (500 MHz, Acetone-d6) ŭ 8.25 (s, 1H), 7.65 ï 7.53 (m, 2H), 7.43 ï 7.34 (m, 

2H), 7.05 (s, 1H), 6.52 (tt, J = 52.5, 3.1 Hz, 1H), 3.68 (s, 3H); 19F NMR (376 MHz, Acetone-d6) ŭ 

-89.13 (td, J = 5.8, 3.1 Hz), -138.65 (dt, J = 52.5, 5.8 Hz); 13C NMR (126 MHz, Acetone-d6) ŭ 

159.3, 150.9, 145.8 (t, J = 2.5 Hz), 142.4, 139.0, 138.8, 124.4, 123.8, 117.6 (tt, J = 269.8, 28.8 

Hz), 109.0 (tt, J = 249.5, 42.4 Hz), 89.3, 31.4; HRMS (ESI-) m/z calcôd for C14H9F4N4O3 (M-H)- 

357.0616, found 357.0611 

 

6-chloro-N-(2,3-difluorophenyl) -[1,2,5]oxadiazolo[3,4-b]pyridin -5-amine (3.10a). 

Synthesized following general procedure 4.8 to yield the title compound as a light yellow solid 

(259 mg, 87%). 1H NMR (400 MHz, Acetone-d6) ŭ 9.02 (s, 1H), 8.55 (s, 1H), 7.86 ï 7.77 (m, 1H), 

7.35 ï 7.24 (m, 2H); 19F NMR (376 MHz, Acetone-d6) ŭ -139.58 ï -139.74 (m), -147.55 ï -147.78 

(m); 13C NMR (126 MHz, Acetone-d6) ŭ 157.7, 154.7, 151.6 (dd, J = 245.5, 11.5 Hz), 145.8 (dd, 

J = 249.0, 14.1 Hz), 143.0, 128.9, 128.6 (dd, J = 8.7, 2.0 Hz), 125.4, 125.1 (dd, J = 8.1, 5.0 Hz), 

122.9 (d, J = 3.4 Hz), 115.7 (d, J = 17.2 Hz); HRMS (ESI+) m/z Calcd. for C11H6ClF2N4O
 (M+H)+  

283.0192, found 283.0184.  

 

5-((2,3-difluorophenyl)amino)-[1,2,5]oxadiazolo[3,4-b]pyridin -6-ol (3.11a) 
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Synthesized following general procedure 4.8 to yield the title compound as yellow solid (52 mg, 

22%). 1H NMR (500 MHz, Acetone-d6) ŭ 11.21 (s, 1H), 9.05 (s, 1H), 8.40 ï 8.31 (m, 1H), 7.27 ï 

7.21 (m, 1H), 7.14 ï 7.06 (m, 1H), 6.71 (s, 1H); 19F NMR (376 MHz, Acetone-d6) ŭ -140.30 ï -

140.54 (m), -152.86; 13C NMR (126 MHz, Acetone-d6) ŭ 161.7, 161.3, 154.8, 151.4 (dd, J = 244.3, 

11.4 Hz), 143.5 (dd, J = 246.2, 14.9 Hz), 140.9, 130.2 (dd, J = 7.9, 2.0 Hz), 124.9 (dd, J = 8.4, 5.1 

Hz), 120.3 (d, J = 3.9 Hz), 112.9 (d, J = 17.4 Hz), 101.2; HRMS (ESI-) m/z Calcd. for C11H5F2N4O2 

(M-H)- 263.0386, found 263.0378. 

 

6-chloro-N-(3,5-difluorophenyl) -[1,2,5]oxadiazolo[3,4-b]pyridin -5-amine (3.10b). 

Synthesized following general procedure 4.7 to yield the title compound as a yellow solid (196.3 

mg, 66%). 1H NMR (400 MHz, Acetone-d6) ŭ 9.24 ï 9.18 (m, 1H), 8.54 (s, 1H), 7.81 ï 7.74 (m, 

2H), 6.87 (tt, J = 9.1, 2.3 Hz, 1H); 19F NMR (376 MHz, Acetone-d6) ŭ -110.75 ï -110.85 (m); 13C 

NMR (126 MHz, Acetone-d6) ŭ 163.8 (dd, J = 243.9, 14.8 Hz), 157.4, 153.8, 142.8, 141.7 (t, J = 

13.8 Hz), 129.1, 125.4, 106.2 ï 105.8 (m), 100.7 (t, J = 26.1 Hz); HRMS (ESI+) m/z Calcd. for 

C11H6ClF2N4O (M+H)+  283.0192, found 283.0178.  

 

5-((3,5-difluorophenyl)amino)-[1,2,5]oxadiazolo[3,4-b]pyridin -6-ol (3.11b) Synthesized 

following general procedure 4.8 to yield the title compound as yellow solid (36 mg, 20%). 1H 

NMR (400 MHz, Acetone-d6) ŭ 11.13 (s, 1H), 9.47 (s, 1H), 7.73 ï 7.61 (m, 2H), 6.70 (tt, J = 9.2, 

2.3 Hz, 1H), 6.45 (s, 1H); 19F NMR (376 MHz, Acetone-d6) ŭ -110.83 ï -110.94 (m); 13C NMR 
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(126 MHz, Acetone-d6) ŭ 163.9 (dd, J = 243.2, 15.2 Hz), 161.2, 161.1, 154.3, 143.3 (t, J = 13.9 

Hz), 140.6, 103.6 (dd, J = 21.7, 7.8 Hz), 101.5, 98.7 (t, J = 26.3 Hz); HRMS (ESI-) m/z Calcd. for 

C11H5F2N4O2 (M-H)- 263.0386, found 263.0380. 

 

6-chloro-N-(2-fluoro-3-(trifluoromethyl)phenyl) -[1,2,5]oxadiazolo[3,4-b]pyr idin -5-amine 

(3.10c). Synthesized following general procedure 4.7 to yield the title compound as an off white 

solid (163.1 mg, 46%). 1H NMR (400 MHz, Acetone-d6) ŭ 9.07 (s, 1H), 8.58 (s, 1H), 8.39 ï 8.34 

(m, 1H), 7.72 ï 7.66 (m, 1H), 7.56 ï 7.51 (m, 1H); 19F NMR (376 MHz, Acetone-d6) ŭ -61.73 (d, 

J = 13.0 Hz), -126.04 (qt, J = 13.2, 6.9 Hz); 13C NMR (126 MHz, Acetone-d6) ŭ 157.7, 154.7, 

154.2 (dq, J = 256.6, 2.4 Hz), 143.1, 132.2, 129.0, 128.2 (d, J = 10.9 Hz), 125.7 (d, J = 5.1 Hz), 

125.5, 125.1 (q, J = 5.2 Hz), 123.7 (q, J = 271.3 Hz), 119.1 (dd, J = 33.0, 11.2 Hz); HRMS (ESI+) 

m/z Calcd. for C12H6ClF4N4O
 (M+H)+ 333.0160, found 413.0154.  

 

 

5-((2-fluoro-3-(trifluoromethyl)phenyl)amino) -[1,2,5]oxadiazolo[3,4-b]pyridin -6-ol (3.11c) 

Synthesized following general procedure 4.8 to yield the title compound as yellow solid (42 mg, 

27%). 1H NMR (500 MHz, Acetone-d6) ŭ 11.29 (s, 1H), 9.12 (s, 1H), 8.92 (s, 1H), 7.51 ï 7.44 (m, 

2H), 6.77 (s, 1H); 19F NMR (376 MHz, Acetone-d6) ŭ -61.74, -61.77; 13C NMR (126 MHz, 

Acetone-d6) ŭ 160.7 (d, J = 248.5 Hz), 148.2, 140.9, 129.8, 129.8, 129.2, 125.6, 125.5, 123.9 (q, J 
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= 271.5 Hz), 122.1 (q, J = 7.2 Hz), 122.0, 101.5; HRMS (ESI-) m/z Calcd. for C12H5F4N4O2 (M-

H)- 313.0354, found 313.0345. 

 

2-(4-((6-chloro-[1,2,5]oxadiazolo[3,4-b]pyridin -5-yl)amino)phenyl)-1,1,1,3,3,3-

hexafluoropropan-2-ol (3.10d). Synthesized following general procedure 4.7 to yield the title 

compound as a yellow solid (353.7 mg, 81%). 1H NMR (400 MHz, Acetone-d6) ŭ 9.18 (s, 1H), 

8.51 (s, 1H), 8.16 ï 8.11 (m, 2H), 7.89 ï 7.83 (m, 2H), 7.50 (s, 1H); 19F NMR (376 MHz, Acetone-

d6) ŭ -75.61; 13C NMR (126 MHz, Acetone-d6) ŭ 157.7, 153.9, 142.8, 140.8, 129.3, 128.4 ï 128.2 

(m), 127.9, 125.1, 124.1 (q, J = 288.1 Hz), 123.2, 78.1 (p, J = 29.8 Hz); HRMS (ESI+) m/z Calcd. 

for C14H8ClF6N4O2
 (M+H)+ 413.0234, found 413.0232.  

 

 

5-((4-(1,1,1,3,3,3-hexafluoro-2-hydroxypropan-2-yl)phenyl)amino)-[1,2,5]oxadiazolo[3,4-

b]pyridin -6-ol (3.11d) Synthesized following general procedure 4.8 to yield the title compound 

as yellow solid (68 mg, 20%). 1H NMR (400 MHz, Acetone-d6) ŭ 11.07 (s, 1H), 9.40 (s, 1H), 8.14 

ï 8.05 (m, 2H), 7.82 ï 7.74 (m, 2H), 7.42 (s, 1H), 6.53 (s, 1H); 19F NMR (376 MHz, Acetone-d6) 

ŭ -75.69; 13C NMR (126 MHz, Acetone-d6) ŭ 161.2, 161.0, 154.1, 142.2, 140.6, 128.2, 125.8, 123.9 

(q, J = 287.7 Hz), 120.6, 101.3, 77.8 (p, J = 29.7 Hz); HRMS (ESI+) m/z Calcd. for C14H9F6N4O3 

(M+H)+ 395.0573, found 395.0581. 
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6-chloro-N-(4'-fluoro-[1,1'-biphenyl]-4-yl)-[1,2,5]oxadiazolo[3,4-b]pyridin -5-amine (3.10e). 

Synthesized following general procedure 4.7 to yield the title compound as an orange solid (120.9 

mg, 67% yield); 1H NMR (400 MHz, Acetone-d6) ŭ 9.11 (s, 1H), 8.49 (s, 1H), 8.08 ï 8.02 (m, 

2H), 7.78 ï 7.70 (m, 4H), 7.27 ï 7.21 (m, 2H); 19F NMR (376 MHz, Acetone-d6) ŭ -117.30 ï -

117.39 (m); 13C NMR (126 MHz, Acetone-d6) ŭ 163.4 (d, J = 244.7 Hz), 157.9, 154.0, 142.9, 

138.5, 137.7 (d, J = 2.9 Hz), 129.6 (d, J = 8.2 Hz), 128.0, 124.9, 124.0, 116.6 (d, J = 21.5 Hz); 

HRMS (ESI+) m/z Calcd. for C17H11ClFN4O
 (M+H)+  341.0599, found 341.0571. 

 

5-((4'-fluoro-[1,1'-biphenyl]-4-yl)amino)-[1,2,5]oxadiazolo[3,4-b]pyridin -6-ol (3.11e) 

Synthesized following general procedure 4.8 to yield the title compound as yellow solid (24 mg, 

21%). 1H NMR (400 MHz, Acetone-d6) ŭ 11.00 (s, 1H), 9.30 (s, 1H), 8.03 (d, J = 8.3 Hz, 2H), 

7.73 ï 7.62 (m, 4H), 7.25 ï 7.17 (m, 2H), 6.51 (s, 1H); 19F NMR (376 MHz, Acetone-d6) ŭ -117.71 

ï -117.84 (m); 13C NMR (126 MHz, Acetone-d6) ŭ 163.2 (d, J = 244.2 Hz), 161.5, 161.1, 140.9 

(d, J = 1.5 Hz), 140.2, 137.8 (d, J = 3.6 Hz), 135.8, 129.3 (d, J = 8.3 Hz), 128.0, 121.7, 116.4 (d, 

J = 21.7 Hz), 101.57; HRMS (ESI+) m/z Calcd. for C17H12FN4O2 (M+H)+ 323.0938, found 

323.0916. 
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6-chloro-N-(3,4-dimethylphenyl)-[1,2,5]oxadiazolo[3,4-b]pyridin -5-amine (3.10f). 

Synthesized following general procedure 4.7 to yield the title compound as an orange solid (289 

mg, 99%). 1H NMR (400 MHz, Acetone-d6) ŭ 8.86 (s, 1H), 8.42 (s, 1H), 7.69 ï 7.65 (m, 1H), 7.62 

ï 7.59 (m, 1H), 7.17 (d, J = 8.1 Hz, 1H), 2.28 ï 2.27 (m, 3H), 2.26 (s, 3H); 13C NMR (126 MHz, 

Acetone-d6) ŭ 158.0, 154.0, 142.8, 137.7, 136.7, 134.60, 130.6, 129.5, 124.8, 124.6, 121.2, 20.0, 

19.4; HRMS (ESI+) m/z Calcd. for C13H12ClN4O
 (M+H)+ 275.0694, found 275.0691.  

 

5-((3,4-dimethylphenyl)amino)-[1,2,5]oxadiazolo[3,4-b]pyridin -6-ol (3.11f). Synthesized 

following general procedure 4.8 to yield the title compound as yellow solid (19.5 mg, 10%). 1H 

NMR (500 MHz, Acetone-d6) ŭ 11.35 (s, 1H), 8.79 (s, 1H), 7.86 (dd, J = 8.2, 2.4 Hz, 1H), 7.78 (s, 

1H), 7.16 (d, J = 8.2 Hz, 1H), 7.10 (s, 1H), 2.28 (s, 3H), 2.25 (s, 3H); 13C NMR (126 MHz, 

Acetone-d6) ŭ 156.2, 153.2, 148.1, 143.5, 137.5, 137.2, 133.3, 130.5, 123.2, 119.6, 97.9, 20.0, 

19.2; HRMS (ESI+) m/z Calcd. for C13H13N4O2
 (M+H)+ 257.1033, found 257.1021. 

 

N-(4-(tert -butyl)phenyl)-6-chloro-[1,2,5]oxadiazolo[3,4-b]pyridin -5-amine (3.10g). 

Synthesized following general procedure 4.7 to yield the title compound as yellow solid (156.9 

mg, 98% yield). 1H NMR (400 MHz, Acetone-d6) ŭ 8.94 (s, 1H), 8.42 (s, 1H), 7.85 ï 7.80 (m, 2H), 

7.50 ï 7.44 (m, 2H), 1.34 (s, 9H); 13C NMR (126 MHz, Acetone-d6) ŭ 157.9, 154.0, 149.1, 142.8, 
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136.4, 129.5, 126.4, 124.7, 123.4, 35.1, 31.7; HRMS (ESI+) m/z Calcd. for C15H16ClN4O
 (M+H)+  

303.1007, found 303.0999.  

 

5-((4-(tert -butyl)phenyl)amino)-[1,2,5]oxadiazolo[3,4-b]pyridin -6-ol (3.11g). Synthesized 

following general procedure 4.8 to yield the title compound as yellow solid (37 mg, 25%). 1H 

NMR (500 MHz, Acetone-d6) ŭ 10.92 (s, 1H), 9.12 (s, 1H), 7.81 (d, J = 8.4 Hz, 2H), 7.44 ï 7.39 

(m, 2H), 6.44 (s, 1H), 1.32 (s, 9H); 13C NMR (126 MHz, Acetone-d6) ŭ 161.5, 161.1, 154.2, 147.3, 

140.9, 138.0, 126.4, 121.4, 101.3, 35.0, 31.7; HRMS (ESI-) m/z Calcd. for C15H16N4O2 (M-H)-  

284.1273, found 284.1266. 
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6-((2-fluorophenyl)amino)-[1,2,5]oxadiazolo[3,4-b]pyridin-5-ol 1H NMR (3.8a)

 

6-((2-fluorophenyl)amino)-[1,2,5]oxadiazolo[3,4-b]pyridin-5-ol 19F NMR (3.8a) 
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6-((2-fluorophenyl)amino)-[1,2,5]oxadiazolo[3,4-b]pyridin-5-ol 13C NMR (3.8a) 

 

6-((3-fluorophenyl)amino)-[1,2,5]oxadiazolo[3,4-b]pyridin-5-ol 1H NMR (3.8b) 
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6-((3-fluorophenyl)amino)-[1,2,5]oxadiazolo[3,4-b]pyridin-5-ol 19F NMR (3.8b) 

 

6-((3-fluorophenyl)amino)-[1,2,5]oxadiazolo[3,4-b]pyridin-5-ol 13C NMR (3.8b) 
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N-(4-fluorophenyl)-5-methoxy-[1,2,5]oxadiazolo[3,4-b]pyridin-6-amine 1H NMR (3.8c) 

 

N-(4-fluorophenyl)-5-methoxy-[1,2,5]oxadiazolo[3,4-b]pyridin-6-amine 19F NMR (3.8c) 
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N-(4-fluorophenyl)-5-methoxy-[1,2,5]oxadiazolo[3,4-b]pyridin-6-amine 13C NMR (3.8c) 

 

6-((2,3-difluorophenyl)amino)-[1,2,5]oxadiazolo[3,4-b]pyridin-5-ol 1H NMR (3.8d) 
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6-((2,3-difluorophenyl)amino)-[1,2,5]oxadiazolo[3,4-b]pyridin-5-ol 19F NMR (3.8d) 

 

6-((2,3-difluorophenyl)amino)-[1,2,5]oxadiazolo[3,4-b]pyridin-5-ol 13C NMR (3.8d) 
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6-((2,4-difluorophenyl)amino)-[1,2,5]oxadiazolo[3,4-b]pyridin-5-ol 1H NMR (3.8e) 

 

6-((2,4-difluorophenyl)amino)-[1,2,5]oxadiazolo[3,4-b]pyridin-5-ol 19F NMR (3.8e) 
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6-((2,4-difluorophenyl)amino)-[1,2,5]oxadiazolo[3,4-b]pyridin-5-ol 13C NMR (3.8e) 

 

6-((2,5-difluorophenyl)amino)-[1,2,5]oxadiazolo[3,4-b]pyridin-5-ol 1H NMR (3.8f) 
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6-((2,5-difluorophenyl)amino)-[1,2,5]oxadiazolo[3,4-b]pyridin-5-ol 19F NMR (3.8f) 

 

6-((2,5-difluorophenyl)amino)-[1,2,5]oxadiazolo[3,4-b]pyridin-5-ol 13C NMR (3.8f) 
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6-((2,6-difluorophenyl)amino)-[1,2,5]oxadiazolo[3,4-b]pyridin-5-ol 1H NMR (3.8g) 

 

6-((2,6-difluorophenyl)amino)-[1,2,5]oxadiazolo[3,4-b]pyridin-5-ol 19F NMR (3.8g) 
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6-((2,6-difluorophenyl)amino)-[1,2,5]oxadiazolo[3,4-b]pyridin-5-ol 13C NMR (3.8g) 

 

6-((3,4-difluorophenyl)amino)-[1,2,5]oxadiazolo[3,4-b]pyridin-5-ol 1H NMR (3.8h) 
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6-((3,4-difluorophenyl)amino)-[1,2,5]oxadiazolo[3,4-b]pyridin-5-ol 19F NMR (3.8h) 

 

6-((3,4-difluorophenyl)amino)-[1,2,5]oxadiazolo[3,4-b]pyridin-5-ol 13C NMR (3.8h) 
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6-((3,5-difluorophenyl)amino)-[1,2,5]oxadiazolo[3,4-b]pyridin-5-ol 1H NMR (3.8i) 

 

6-((3,5-difluorophenyl)amino)-[1,2,5]oxadiazolo[3,4-b]pyridin-5-ol 19F NMR (3.8i) 
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6-((3,5-difluorophenyl)amino)-[1,2,5]oxadiazolo[3,4-b]pyridin-5-ol 13C NMR (3.8i) 

 

6-((2,3,4-trifluorophenyl)amino)-[1,2,5]oxadiazolo[3,4-b]pyridin-5-ol 1H NMR (3.8j) 
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6-((2,3,4-trifluorophenyl)amino)-[1,2,5]oxadiazolo[3,4-b]pyridin-5-ol 19F NMR (3.8j) 

 

6-((2,3,4-trifluorophenyl)amino)-[1,2,5]oxadiazolo[3,4-b]pyridin-5-ol 13C NMR (3.8j) 

 



147 

 

6-((2,4,6-trifluorophenyl)amino)-[1,2,5]oxadiazolo[3,4-b]pyridin-5-ol 1H NMR (3.8k) 

 

6-((2,4,6-trifluorophenyl)amino)-[1,2,5]oxadiazolo[3,4-b]pyridin-5-ol 19F NMR (3.8k) 
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6-((2,4,6-trifluorophenyl)amino)-[1,2,5]oxadiazolo[3,4-b]pyridin-5-ol 13C NMR (3.8k) 

 

6-((3,4,5-trifluorophenyl)amino)-[1,2,5]oxadiazolo[3,4-b]pyridin-5-ol 1H NMR (3.8l) 
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6-((3,4,5-trifluorophenyl)amino)-[1,2,5]oxadiazolo[3,4-b]pyridin-5-ol 19F NMR (3.8l) 

 

6-((3,4,5-trifluorophenyl)amino)-[1,2,5]oxadiazolo[3,4-b]pyridin-5-ol 13C NMR (3.8l) 
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6-((perfluorophenyl)amino)-[1,2,5]oxadiazolo[3,4-b]pyridin-5-ol 1H NMR (3.8m) 

 

6-((perfluorophenyl)amino)-[1,2,5]oxadiazolo[3,4-b]pyridin-5-ol 19F NMR (3.8m) 
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6-((perfluorophenyl)amino)-[1,2,5]oxadiazolo[3,4-b]pyridin-5-ol 13C NMR (3.8m) 

 

6-((2-(trifluoromethyl)phenyl)amino)-[1,2,5]oxadiazolo[3,4-b]pyridin-5-ol 1H NMR (3.8n) 
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6-((2-(trifluoromethyl)phenyl)amino)-[1,2,5]oxadiazolo[3,4-b]pyridin-5-ol 19F NMR (3.8n) 

 

6-((2-(trifluoromethyl)phenyl)amino)-[1,2,5]oxadiazolo[3,4-b]pyridin-5-ol 13C NMR (3.8n) 

 






























































































































