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Complex Heterocycles as Mitochondrial Uncouplers

Jacob Hadley Murray

Abstract

Small molecule ntochondrial uncouplers amompoundghat dissipate the proton motive
force independent of ATPRsynthasethat results in increased energy expendituidild
mitochondrial uncouplinghas therapeutic potential in treating obesity, diabetes, neurological
diseases, nealcoholic steatohepatitis (NASH), and aging. Our group has previously reported the
discovery of a small moleculmitochondrial uncoupler BAM15, which wasficacious inan
obesity mouse modeHerein we describe the desigand synthesis otwo scaffolds as well as
their characterization as mitochondrial uncouplers through a seriasvifo andin vivo assays.
Compounds that passlasna fidemitochondral uncouplers are administered in mice to determine

pharmacokinetic properties and promistognpounds are theaasted irmmouse model of obesity.

The first series of mitochondrial uncouplemre anilinopyrazinesBy changing the
substitution pattern ahelectronics on the aniline rings,r investigations reveal the importance
of the proximity of aniline rings on the pyrazine core, with thed8itions being crucial for
uncoupling activityWe found thamitochondrial uncoupler.5gand?2.5l elicited a maximum
oxygen consumption rate (OCR) of 260% &4@% with an EGyof 2.5 and 5.9 uM, respectively.
Utilizing the knowledge gained from the anilinopyrazine series, we desigrsedcadnovel
chemical scaffoldased on a related BAM15 analé@mino-[1,2,5]oxadiazolo[3,4]pyrazins-

ol. The newseries of6-aminc[1,2,5]oxadiazolo[3,4]pyridin-5-ol derivativeshave a pyridine
instead of pyrazine cotlat is decorated with aniline substituei& found that derivativesith
electron withdrawing group&£WWG) substitutions in the 2;position on the aniline ring exhibited

the greatest uncoupling activity compared to other structural ison&ireng EWGs



CR/OCR/ISO,CR were well tolerated and demonstrated the highest uncoupling activity compared
to other BVGs.Our studies indicatetthat placement of the hydroxyl group in thedsition of the
pyridine moiety was crucial for uncoupling activityseveral of the most promising compounds
testedin vitro were examinedin vivo and found to have good oral bioawaility in mice with
ranges in Gax of 10-90 uM and t of 0.9 to >24 hours. We found thahalogs that have
F/IOCR/ISO.CRs groups on thel-position exhibited the longesttcompared to other structural
isomers, suggestingpat this position is a site ohetabolic lability Amongthe 51 derivatives
tested,SHM20519115demonstrated mild uncoupling activity with 48% BAMTECR andan
ECsoof 17.1uM in L6 myoblast cellsSHM20519115wvas found to have good oral bioavailability
with a Gnax of 57 uM and a t» of 4.4 hours. Additionally SHM20519115had significant
distributionin adipose tissuahere it carpromoe mitochondrial uncouplingn a mouse model
of obesity SHM20519115prevened fat mass gaiby 59%compared to the western diet (WD)
control group. Importantly weight loss did not alter lean mass food intake Further
characterization demonstrated tIs4iM20519115preventedglucose and insulin intolerance in
mice. Taken together, our investigations support the utility of mitochondrial uncoupletisefor

treatment of obesity and other metabolic disorders.
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General AudienceAbstract

Obesityis commonly considered a modestay epidemic with more than 40% adlult
Americans beig classified as obes&he higher prevalence of obesity over the course of the last
century has been attributeddanore sedentary lifestyle argh calorie diet. Obesity has been
shown to negatively impact every organ systamd increases thesk for heart disease, cancer,
neurological diseasespn-alcoholicsteatohepait (NASH), and diabetedMoreover,obesity has
furtherburderedthehealthcare system with an estimagegbenditureof $190 billion a yeain the
US. Although diet and exercise has sioexcellentesults inweight losslong-termcompliance
with these regiments extremely low Current norinvasive treatmentsrovidevarying efficacies
and a myriad of sideffects.Invasive proceduresvhich is restricted tthose whaare classified
as oO6mor bi dly o b4 bawedshown exdellemesulB M Ifacilitatingveight lossbut
come with high cost and risks to patienkbis excludes individuals in the BMI range of-30
unless they are qualified with additiorm@morbidities In recent years, mitochondrial uncouplers
have reemerged as a potential therapeutic treatment for obesity.

This dissertation discusses tsieuctureactivity relationship study of anilinopyrazines and
6-aminc[1,2,5]oxadiazolo[3,4]pyridin-5-ol derivativesas mitochondrial uncoupler8Building
on previous workon 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 umapling activity. We found that strong electron withdrawing
groups placed in theetaandparapositionswere mostavorable We alsodeterminedhat the

2,3-disubstitution orthe aniline rings wasrucial foruncoupling activity.From this studywe



discovered2.5g and 2.51 that elicited a ma¥num oxygen consumption rate (OCRJ 260 and
343% with EGoof 2.5and5.9 pM, respectively.

Furthermore we reently reported a new series 6famino-[1,2,5loxadiazolo[3,4
b]pyridin-5-ol derivativesandidentified SHM20519115%samitochondrialuncouplerOur studies
determined thaBHM20519115demonstrated mild uncoupling activiyith 48% BAM15 OCR
with anECsp of 17.3uM in L6 myoblastsells In amouse model of obesit$$HM20519115wvas
found to beefficacious & a 130 mg/kg dose. PharmacokinettudiesSHM20519115showed
greater overall distribution in adipose tissue in migdditionally, when examined in a mouse
obesity prevention modefHM20519115successfully prevented 59% fat mass gain compared to
the wesern diet(\WD) control groupFinally, we found thaBHM20519115prevents glucose and
insulin intolerance in miceTaken together, these results support a rolenfidochondrial

uncouplersn the treatment of obesity.
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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 ta more sedentary lifestyland unab&ed access ta high calorie dietmore
Americans each year are beidiggnosedsobese Obesity isclassified as a metabolic disorder
and isdiagnosedvhenan n d i v bodymadsiorsd e x ( BMI ) i «g/ngf.BMlast er t h
established through theeasurement of @ e r s heighd/veeight angdwhile not the most precise
method, is widely used to determine the fat content in an individu@besity is a progressive
disease that iseparatethto 3 classes based on BMI. Class | obesity encompasses individuals with
a BMI of 3035, Class Il with 3880and Cl ass | | f ThewCQChhas@esigrmatedk g / m
obesity as a disease andaetty reportedhat roughly 43%of adult Americansareclassified as
obese while74% weredeterminedo be overweight or obedebesity has been found to cause
negativeeffects in every human organ systeliost notably, obesity has been shown to increase
risk of heart disease, cancer, neurological diseases, kidney diseasdcatmiic fatty liver
disease (NAFLD) and the progressive form fadcoholic steatohepatitidNASH). For these
reasons, treatments for obesity have garnered immense interest in the last several decades. This
dissertatiorwill fo cus on the biology of obesitgurrent treatments, and the reemergence wélno

mitochondrial uncouplers gotential treatrants for obesity.

1.2 Variation and Function of Adipose Tissue

Humans and other mammals have adapiesioreexcessaloriesas adipose (fat) tissue to

insure againsperiodswhen food is scarcézat has manytherrolessuch asheat regulaon,>®



protective material for orgafsand as a major organ in the endocrine systehdipose tissue can

be separatednto threemain categoriesbrown adipose tissue (BAJTbeige adipose tissuand
white adipose tissue (WATBAT, the minor form of adipose tissugas clear roles in regulating
body temperature thugh nomrshivering thermogenesis, with lesser responsibilities of energy
storage ad endocrinological function: 12 In humans, BAT is aits highest concentration in
infantsto protect against hypothermitaoweverexpression of tis form ofadipose tissuis vastly
reducedin adulthood*!” Although BAT was once commonly accepted to be absent in adult
humans,recentdiscoveries of deposits in teapraclavicular, paravertebral and deep neck regions
have eliminated tt previoudy recognized notioA®2° Additionally, recent work has elucidated
the genotypical/phenotypical differences in BAT content humans have based petberal and
parentakexposure to cold climat&s.??

Beige adipose tissyalso known as inducible BAT, is another minor form of fat and is found
within depots of WATE? 23 24Similar to BAT, beige adipose tissue has a predominant rolenin no
shivering thermogenesisUnlike BAT, beige adipose tissue originates from WAT through a
process c al,lwhich isGrducedvbybiadregeaigic signaling from prolonged cold
exposure?l 2426 Similar to BAT, genotypicalphenotypical differences ibeige adipose tissue
between humans can be attributed to their exposu@der climates!

WAT is the most predominant form of fat within the human body and is cifiociahergy
storage in the form of triglycerides, synthesis and moderation of hormmumsction against
injury/infection, and insulatiof. 1% 2/2° Furthermore, WAT plays roles in reproduction,
angiogenesismmunity, coagulation, and vasculatdfe’® 3'The measurement of BMI is largely
focused on determining/AT content in the bodyAlthough determining fat content through BMI

has limitations when incorporating variables such as age, sex, and race, it is the most commonly



used method A healthy BMI is approximately ~185 kg/m?, overweight at 280 kg/n?, and

obe® individualsat O30 kg/m?. Although many studieind that an overweight individual will
experience higher risks of several diseases and conditions, crossing into obesity has a much greater
impact in morbidity and mortalit$? ** Individuals that were found to be in the class Il obesity
rangewith a BMI of 4060 kg/m? were found to haven average lifespan loss of 10 years.
Moreover, thosén the 5560 kg/m? groupwere found to have an average life span loss of 14
years>®> Commonmorbiditiesthat caused death in this group wéweart disease, cancer, and
diabetesIn regards to cancegobesity has been reported to increase the risk of numerous cancers
includingbreast, colon, esophagusytoid, liver, gallbladder, pancreas, uterus, ovary, kidney and
bonest 3¢3° Obesity amplifiegherisk of heart disease through increasing riskhygfertension,
hyperglycemia, hypercholesterolemia, inflammatard insulin resistanc®. ! The increasing
prevalence obbesity has led to enormous ramifications on societyoameéconomy. Currently,
estimats indicatethat obesity costs an additior&l90 billion anuallyto the healthcare system,

and is rising every yedf **For these reasons, tlpeutic treatments for obesity have never been

more needed.
1.3 Treatments for Obesity

Diet and exercise, when performed correcihg exceptional ways to prevent/reduce obesity
but have low compliancy raté$ **Moreover, &-yearlong studyfound thatobese patientaho
started a regiment of dieting and exercidiagl a probability of< 1% to attain a healthy weight
by the end of the studif Concernimgly, morbidly obeséndividualswere found to have a&1%
chance of reaching a normal weight by the end of the $fuBgr this reason, pharmaceutical

interventiors have become an extremely attractive pathway to treat obesity.
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Figure 1.1 Structures of FDA approved drugs for treatment of obesity

Current FDA approved treatments includedulation of nutrient absorptioand appetite
suppessiortt’ The structures of these drugs are shown in Fig. 1.1 and discussed below.

Orlistat (1.1), a pancreatic lipase inhtbr, moderates absorption of fat and intestinal
digestion leading to fat loss although witie common side effect of steatorrh@ily stools)*’: 48
Average reportedeight losof patients takingdistatwas oty 2.8kg per year versus the placebo
group?® As a resultpopular interest in the use of orlistat lsinished

Lorcaserin (L.2), a potent agonist for the serotonin receptdiTe., acts as an appetite
suppressarthat was approved by the FDA in 2012 as an effective treatment of ob&sSiy/
Unfortunately lorcaserin was vahtarily removed from the market in 2020 due to safety concerns

with increased rates of cancer in prescribed patrénts.



Phentermine 1(.3), an amphetamine, acts a stimulant and in combinattim topiramate
(1.4) (an anticonvulsive agent), synergistically functions as an effective appetite suppteSsant.
The synergistic properties of both drugs are not well understamalever, disconcerting side
effeds such as insomnia, dizziness, headache, hypertension, sinus tachycardia, and teratogenicity
have been reportéd.*® >’ 5P atients treated with phentermine/topiramate ER at dosages of 7.5/46
mg or 15/92 mg wee found to lose 6.6 kg and 8.7 kg of weigtgspectively compared to
placeba’® Patients that abiptly stop administration ofphentermine/topiramate ERave an
increased risk ageizures and are recommended to perform downward titration over the course of
several days> *®

Naltrexone {.5), an opioid antgonist, is primarily used for managing alcohol and opioid
dependengyhowever, when combined with bupropi@dn6), a norepinephriri@opamine reuptake
inhibitor (NDRI), the combination act as an effective appetite supprésaht’®Common side
effects of naltrexone/bupropion are similar to that of aforementioned appetite suppressants
although with an unresolved increased risk of suicidal thogfts.

Surgical intervenbns have also shown great efficacy in treating obesity but carry high cost
and risk to patient&:° Moreover studies have demonstrated that individuals that undergo
bariatric surgery have a decrease in ovaraltality of 2440% versus those who seek non
surgical intervention&7®° Gastric sleeving, bypass, and banding are popular bariatric surgeries,
but come with risksPatientswho qualify for bariatric surgery musheet the threshold of having
a BMI>40 and thus be classified as morbidly ob@3ehis leaves many patients in thea€$ land

[l groupsunable to acquirbariatric surgeryvithout significant health issues attributed to obesity.



1.4 Cellular Respiration

Cellular respiration is a chemical process utilized by all forms of life to produce the vital
energyrich moleculeadenosine triphosphate (ATP). Glycolysis, pyruvate oxidation, the citric acid
cycle and oxidative phosphorylation are the four main pathways to produce ATP in cellular
respiration’! In glycolysis, glucose is mdtalized in the intracellular fluid into two molecules of
pyruvate, producing@ 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
dehydrogenaseomplex (PDC) tgroduce acetyCoA. The acetylCoA produced from the PDC
and fatty acid oxidation are then further reacted within the citric acid cycle. Numerous redox
reagions are carried out on ace@bA and ultimately result in the net productior?ghTP units
6 NADH, and2 FADH,.”?

The final step in metabolism is oxidative phosphorylation, and is responsible for the highest
production of ATP in cellular respiratigiffigure 12).”>72 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 (PNF})> The PMF is formed when
NADH and FADH donate electrons into the electron transport chain (ETC) providing energy to
shuttle protons from the mitochondrial matrix into the intermembrane $pdé&pecifically,
NADH donates electrons into complex | and FAD#RO complex I] respectivelyElectrons pass
through complex Ill and complex IV where @ finally reduced to K. Complexes |, 1, and IV
pump protons from the mitbondrial matrix into the innermembrane space producing the
aforementione®MF. This pH gradient equates to a differenot6.8 in the innermembrane space
and 8.1 in the mitochondrial matri% The PMF contains potential energyhich is utilized by

ATP syrthase to phosphorylate ADP, generating ATP, to sustain life.
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Figure 1.2 lllustrationof the electron transport chaiReused with permission under a Creative

Commons Attribution 4.0 License from reference “#1.

15 Mitochondrial Uncoupling

Translocationof protons from the intermembrane space into the mitochondrial matrix
independent of ATRsynthase is known as mitochondrial uncoupliRgssivemitochondrial
uncoupling occurs naturally, accounting for an est@@a30% of basal metabolic rate, both
spontaneously anda uncoupling proteins (UGR).”® 8 Thermogenin (UCB is the most widely
studieduncouplingprotein and has been shown to be a key regulator of homeostisin
mitochondria through dissipation of the P¥E* Primarily found in brown adipose tissias
described in sectioh.3), UCP: is responsible for the process of rglnivering thermogessis and
accounts foup to 8% of mitochondrial protein in miée® Increasinghe efficiencyof the ETC

has been directly correlatedtte dereasegroduction of eactiveoxygen species (ROSJUCP:.



3 utilize thismode ofaction forneuroprotedon, regulating the production 0S8 UCP, is
mainly found within the central nervous system and shown to have a role in modulating neuronal
survivalwhile also mitigating ROS productidh®* UCPs function is not widely understopthut
is thought to play a role in modulating$ilevels in the braif?

Small molecules that transport protons through the mitochondrial inner membrane and elicit
the same effect as UCPs are known as mitochondrial uncouplers (MiUse maj or ity of
are lipophilic weak acidshat facilitate passive transport of protons from the mitochondrial
innermembrane space to the mat(Bigure 1.3).°° Passive transport of protons into the
mitochondrial matrix independent of ABynthase results ithe decrease of the PMF (Figur4)1.
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 feyithse to
phosphorylate ADPat AT P . Overall, MUG6s act as protonopl

the ETC to reestablish homeostasis.
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Figure 1.3. Mitochondrial uncouplers.



The first mitochondrial uncoupler DNR.7) was discovered in munitions factories during
the first world wa®’ Factory workersvho were exposed to DNP experienced rapight loss
hyperthermiaandsometimesieath®® Nevertheless, DN® activity made it an attractiveeight
losssuppl ement that was widely wuti factobrewhsfulyn t he
understood” 1% However, due tathet oxi c/ | et hal side effects, t
therapeutic use in 193813 Current understandings havéribiuted thesmegativeside effects to
DNPoO6s |l ack of specificity resul%Tognnimmr pl asr
toxicity, a livertargeted pradrug version of DNP, DNPME 1(8), was developed and
demonstrated efficacy in a mouse model of -atmoholic fatty liver disease (NAFLD) and

improved insulin sensitivity in diabetic raf§. Administration of 50 mg/kg dosages of DNPME in

Cytosol
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mice were found to have no legE or renal toxicity. This is a stark contrast to DNP as toxic
dosages are observed starting at 1 mg/kg in Mgk controlledrelease formulation of DNP has
also shown beneficial results in NAFLD, insulin stance and obesity in a rat mot&l.These
approaches control toxicity by lowering\&and focusing DNP activityn theliver; however, this
strategy doesot remove unwanted off targetfects.

Carbonyl cyanidd-(trifluoromethoxy)phenylhydrazone (FCGP.9)) is a mitochondrial
uncoupler widely used for research purposes in studying mitochondrial diseases and functions
(Figure 14).19% 119ECCP is often used in thesatseys for its high potency and efficasyvitro;
however, it has limited clinical applications due to its narrow therapeutic witidoW!

In recent years, novel mitochondrial uncouplers lgar@eredyreaterinterest in their
therapeutic potential in treating obesity. The novel uncoupler CZ6)(was found to reduce fat
mass, food intake, and reduced plasma cholesterol levels, but long term effects are still under
investigationt!2

Recently, a new mitochondrial uncoupler (OP&3493 (1.11)) was serendipitously
discovered and reported to be efficacious in a diabetic moosel!'® OPG163493 decreased
ROS production and had beneficial renal and cardiovascular eitfiecigo but did not reverse
obesity Additionally, OPG163493 was found to primarily localize in liver and kidnesgues
improving glucose metabolism and providigfisteatotigroperties.

Recently,sorafenib (.12, an FDA approved treatment for liver, renal and thyroid cancer,
has demonstrated uncoupling activity at low concentrations and was found effica@adua $H
prevention study in rodents and ARleaman primatesAdditionally, at 15mg/kg/2 days, sorafenib
was found to prevent body weight gain in mice fed a{iggland high cholesterol (HFHC) diet

compared to the group only fed the HFHC diét.
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1.6 Conclusions

Obesty is a condition that negativelgffects all organ systems. Currently, obesity has
becomeso prevalent that it is considered a modern day epidemic. Although diet and exercise are
effective methods to prevent/reduce obedagpg termfailure 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 effegidditionally, surgicalinterventions have
shown excellent efficacy itreating obesity, but come with high cost and risk. Mitochondrial
uncouplers heerecently reemerged as potential treatments for obesity, aging, neurodegenerative
diseases, and diabetdhese studies highlight the potential of mitochondrial uncouplerghé&

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 treatme@hapter 2 will focus on thstructureactivity relationship
study of anilinopyrazinessamitochondrial uncouplers. Chapter 3 will disclose the structure
activity-relationship study of a novel series 6faminc[1,2,5]oxadiazolo[3,4]pyridin-5-ol
derivatves as efficacious mitochondrial uncouplers in the prevention ofrdieted obesity.
Chapter 4 wilincludesupplemental information for the compounds synthesized and characterized

by the author of this disgation.
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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
SantosReprinted (adapted) with permission fr@giurray, J. H.; Hargett, S.; HoahK. L.;

Santos, W. LBioorg. Med. Chem. Let202Q 30, 12705Y). All characterizations for synthesized

products can be found in the onlinel&bs://doi.org/10.1016/|.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, nealcoholic fatty liver disease, diabetes, and mahgrs. In this study, we report the
structureactivity 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 prefezd in the meta position of the aniline rings of-8dstituted
pyrazines Additionally, we found that thegsitioning of the aniline rings in the 2,3 positioh o

the pyrazine was crucial for uncoupling activity
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2.3 Introduction

The primary functiorof the electron transport chain is to establish a proton motive force
that drives the synthesis of ATP by ATP synthfad@P synthase couples thransport 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 losgotential energy in a process known as
mitochondrial uncouplingIn response to this uncoupling process, the electron transport chain
will increase activity to maintain the proton motive force and allow sufficient ATP production for
homeostasi. Mitochondrial uncoupling occurs naturally with transporters known as uncoupling
proteins (UCPsJ.UCP1, the most widely investigated UCP, plays a role in maintaining an optimal
temperature within the mitochondff. To increase temgrature, 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 uncéuplers.

.8 Moderate mitochondrial uncoupling has been shown to have therapeutic potential in treating
obesity, NASH,didbetes and agatg*

The classic mitochondrial uncoupler DNR.q was widely usé as a weight loss
supplement in the 193006s before YNomoverneddPani sm
was found tdncreasea humaiis metabolism by as much as 5&%Fortunately, DNP was banned
for therapeutiaiseby the FDA in 1938 de to numerous reported deaths and bleak side effects.
"Since then, DNPOs prungoulehavedesen siusiedaextemdivelyghc h on d r
one report demonstrating its abilitg lower circulating glucose, insulin levels, aimtrease
lifespan in mice compared to conird' Furthermore, mice treated with DNP exhibited decreased

reactive oxygen species (RO®ediated damage and lowered protein and lipid oxidation
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compared to control groups. DecreasedSR@amage directly correlates with antiaging and
protective properties of neurological and hepatic systém&°Addi ti onal |l y, DNPO®
sideeffects have also been mainly attributed to its ability to dejza the plasma membrafie??
Although several modifications and formulations of DNP have been done to lower overall toxicity,
they do not remove its unwanted -tdfget effecté> ** Si nce DNPO6s discove
mitochondrial uncouplers have been discovered such as B@CPCCP is vastly more potent
and efficacious compared to DNP, and is primarily used for determining mitochondrial function
in vitro.'2 13 Although FCCPis a highly potent and efficacious mitochondrial uncoupler, it has a
narrow therapeutic index due to also being -ndtochondrial uncoupling specifié: %
Depolariation 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
(Figure 2.1Y° BAM15 was disceered in a higkthroughput screening of tipexscreers040
library for uncoupling activitywhichwas determined asfunction of oxygen consumption rate
(OCR) in cells using the Agilent Seahorse XF analyZér.this assay, L&at myoblasts were
treatedwith increasing concentrations of the desired compound oveinardfie time period.

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

% [BAM15-H]* [BAM15-H]* % N(O;N
5 3 8 !
£ 38 5 . 83 FN  NF
© =
GEJ e H H x § @NHH@
@ BAM15 BAM15 2]
3= BAM15 (2.1)

Figure 2.1 BAM15 as a mitochondrial uncoupld®eused with permission under Creative

Commons Attibution 3.0 License from reference 26.
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BAM15 was found to be highly potent with an &£6f 270 nM and increasedspirationrates
similar to FCCPL.9in vitro. As seen irFigure 22, BAM15 exhibits a slower decline in OCR
than FCCRn vitro over a concentration range (up to8@), signifying a widetherapeutic
index.Moreover whole cell voltage and current clamgoedings werg@erformedo determine
whetherBAM15 depolarized the plasma membrane similarly to FCCP. It was discoverged that
unlike FCCP and other mitochondrial uncouplers before it, BAM15 did not depolarize the
plasma membrarté.

In previous work, we @rformed 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¥" The N-H bond in BAM15 enables efficient mitochondrial uncoupling as a result of

—t—BAM15 =m==-FCCP

Rat L6 myoblasts

300
250
200

OCR (% Basal)
=Y
(4]
o

MM compound

Figure 2.2 Comparison of FCCP and BAM1Beused with permission under Creative

Commons Attribution 3.0 License from refape 26.
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Figure 2.3 Components of BAM15Reused (adapted) with permission from reference 27
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electron delocalization throughout theggupon deprotonatiarDue tothe electron withdrawing
property of the furazan ringve rationalized that wheihwasremoved(Figure 2.4) the decrease

in N-H acidity resulted in loss of uncoupling activity. Thus, by4iaeing the electronic properties

of the aniline ring, the aciditpf 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 idto the mitochondrial matrix and cycledkan the inner membrane
space via resonance and hydrogen bond stabilized anion. Therefore, we perf@tnuetuse

activity investigation ofhe pyrazine core with a variety of aniline substituents (Figure’2.4).
.0,
N N

GHh = i =48

2. 2\_aC|d|c proton
Figure 2.4.This work, SAR study on the importance of the furazan head group on BAM

Reused with permission from refepen28.

2.4 Results and Discussion

As shown n Scheme2.1, compound2a-20 were synthesized using Buchwatartwig
amination conditions with Pd(dbajs the transitiometal catalyst’ Among these analogs, we

found that compounda 5eand2.5k rapidly degraded in solution and thus were used immediately
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for in vitro assays. With the desiredrapounds in hand, we tested their mitochondrial uncoupling
capacity using oxygen consumption rate (OCR) as previously described (Table 2.1).

Scheme 2.1Synthesis of compounds5a2.5a

2.1 equiv arylamine P A 1 2
. R R"N N R R
N Cl 0.1 equiv Pd(dba), N\ /
| =~ 0.2 equiv BINAP 5 > < s
_ R NH HN R
N~ Cl 4.0 equiv NaO'Bu
24 toluene, reflux R* 2 5a-2.50 R*

Moving the fluorine from th@-position 2.1 to the2/3-positiorsin 2.5aand2.5bresulted
in no uncoupling actity. To increase the electron deficiency of the aniline ring, disubstituted
groups containing fluorine aton@sscand2.5dwere synthesized. Unfortunately, these
compounds were found to also exhibit no appreciable activity. We then tested the stronger elect
withdrawing group Ck When placed in the ortho positi@rbe no effect was observed, but when
relocated to the meta/para positiph$Hfand2.5gwere found to substantially increase
mitochondrial uncoupling to 181% and 260% of baseline respiratespectively, and both
compounds had an Eg&n the low micromolar rangeWe then incorporated an electron
withdrawing fluorine on the ortho position as well as the placement of thgrG&p to generate
2.5h2.51. These analodsirther attenuate the eleshdensityof the aniline ring. However, neither
maneuver improved the compourdctivity. Stronger electron withdrawiggoupswereexplored
with disubstitutionwith CFs in both meta positiong 2.5j, but it was found to have reduced
potency and effiogy compared to the monosubstitutddrivatives 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

CRsfor a OCE group
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Table 2.1 Oxygen consumption rate activitiesdba2.50in rat L6 myoblast$

RZ R'N! 4N R' RZ?

\/
2>—<3
R3@NH NH‘QW

R* 2.5 R*

Compound R? R? R3 R* ECso(MM)  Max OCR% ClogP
2.1 F - - - - N/AC 5.33
2.5a - F - - - 106 +5 5.33
2.5b - - F - - 101+ 2 5.33
2.5¢c F F - - - 108 + 3 5.64
2.5d F - F - - 109 + 8 5.64
2.5e CRs - - - - 104 + 2 6.86
2.5f i CRs - - 3.0 181 + 10 6.86
2.5¢ : - CRs - 2.5 260 + 11 6.86
2.5h F - CRs - 8.5 164 + 9 7.18
2.5i F - - CFs - 100 + 3 7.18
2.5 - CRs - CRs 17 148 + 3 8.68
2.5k OCk - - - - 114 +5 7.07
2.5 - OCR - - 12 343 +31 7.07
2.5m - - OCFRs - 5.9 258 + 9 7.07
2.5n OMe - - - - 102 + 2 4.85
2.50 - OMe - - - 101 +3 4.85

2Cellular oxygen consumption rates following a dose response af3.QM were normalized
from 0% to 100% and subjected to nonlinear regression analysis to obtaiand®5%
confidence interval®.ClogP values calculated using PerkinElmer Chemdraw professional.

When the OCEgroup was orth@2.5«), no activity was oberved but when positioned in the
meta or para positior{f&.9 and2.5m), uncoupling activity was elicited with 343% and 258% max

OCR, respectivelyalthough with slightly reduced potency. For completeness sake, electron

donating groups were briefly expéat with 2methoxy and 3nethoxy substituents but were found

32



to be inactive likely because the acidity of théHNgroup 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 €4 for the anilinopyrazine series when calculated with
PerkinElmer Chemdraw. The properties of ClogP and acidity ofhtblecules 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 Buchwaldartwig conditions 2,6 and 2,5 structural isensR.7a
2.7dand2.9a2.10dwere synhesized (Schemes 2.2 and 2.3).

Utilizing the best substituent groups frofable 2.1 2.7&2.7d, and2.9a2.9d were tested for
their uncoupling activity and listed in Table 2.2. All 2,6 structural isomers were fousxhtbit
no uncoupling activity independent of the positioning of monosubstitutet©OCF; groups or
disubstitution. Only a single 2,5 structural isorB&cdisplayed uncoupling activity with the meta

CRs but only at high concentrations and thereforeva potency compound.

Scheme 2.2Synthesis of compounds7a2.7d

2.1 equiv arylamine

Cl N cl 0.1 equiv Pd(dba),
\[/ ]/ 0.2 equiv e L \:E
S
N 4 equiv NaO'Bu
2.6

toluene, reflux
2.7a-2.7d

Scheme 2.3Synthesis of compounds9a2.9d.

2.1 equiv arylamine

_N_Cl 0.1 equiv Pd(dba),
Ji\ ]/ 0.2 equiv BINAP
Cl N 4 equiv NaO'Bu Ji ]/ \©:
2.8

toluene, reflux

29a29d
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Table 2.2 Oxygen consumption rate activitiesd¥a2.7d& 2.9a2.9din rat L6 myoblast$
R R® R H
R? N R? R? N.__N R®
0 L
R’Jij\N/[NJ\N R R® N/[N/j/ \Q[RZ
Ho,, H Ho 29 R

Compound R? R? R®  EGso(uM) Max OCR% ClogP

2.7a OCK - - - 105+1 7.07
2.7b - OCK - - 107 1 7.07
2.7¢c - Ck - - 1031 6.86
2.7d Chk - Ch - 105+1 8.68
2.9a OCRK - - - 101+1 7.07
2.9b - OCK - - 102 +1 7.07
2.9c Ck - - - 140+ 6 6.86
2.9d - Chk - - 107 + 2 6.86

aCellular oxygen consumption rates following a dose response afSD@M were normalized
from 0% to 100% and subjected to nonlinear regression analysis to obteinalC 95%
confidence interval®.ClogP values calculated using PerkinElmer Chemdraw professional.

To increase electron withdrawing capacity, we replaceg@yhazine with a triazine core. 2,4,6
Trisubstitutedtriazines2.11a2.11f were synthesized using a previously reported microwave

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

Scheme 2.4Synthesis of compouts2.11a2.11f

)§ R?
)C\l 3.1 equiv arylamine )N|\ N
= N 3.1 equiv NaHCO3 HN N/ N R3

N
PNES - H
Cl N Cl 4:1 dioxane/DMF
MW 165°C 2.11a-2.11f
; ) 3
2.10 15 min R R




2.4)?° The miochondrial uloupling activity of these compounds are shown in Table 2.3.
Unfortunately, none of these derivatives destoated improved OCR activity.

As described above, a key feature of anilinopyrazine derivatives as mitochondrial
uncouplers is their ability to dedalize the resulting negative charge across aryl rings as well as
stabilizing an internal hydrogen bond. We hypothesized that total loss of actiAtyae?.7d,
2.9a2.9dand2.11a2.11fcould be attributed to the loss ofihydrogen bond as in all case¢he
positioning of the aniline rings are one carbon removed necessarily negating all potential for
additional stabilizationlllustration of the NH hydrogen bond can be seen in Figure 2.4.

Table 2.3.0xygen consumption rate activities2fila2.11fin rat L6 myoblasts.

A
"NH

R2
N\/KN A A R R
r r=
NN
| H s

Ar

Compound R? R? R3 ECso (UM) Max OCR% ClogP
2.11a F - - - 102 + 3 7.49
2.11b i CRs - - 103 + 3 9.74
2.11c i - CRs - 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

2Cellular oxygen consumption rates following a dose response afSDQIM were normalized
from 0% to 100% and subjected to nonlinear regression analysis to obtainalC 95%
confidence interval®.ClogP values calculated usiRgrkinElmer Chemdraw professional.

2.5 Conclusions

In conclusion, we performed a structuetivity profiling of disubstituted
anilinopyrazines as mitochondrial uncouplers using OCR as eotgddr their activity. Our
work suggests that a trifluorontgl group is best at thearaposition while the trifluoromethoxy
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group is preferred in the meta position of the aniline rings e$@B3tituted pyrazines. The
electron withdrawing effect of the trifluoromethoxy group onretaversusparaposition is
supported by the sigma values: 0.48 and 0.37, respectMelythermore, 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 thehwortdrial 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 Derivativesas Efficacious Mitochondrial Uncouplersin the Preventionof

Diet-Induced Obesity

3.1 Contributions

This chapter is an adaption of a manuscript currently being written by the author, Ariel L.
Burgio, Stéan R. Hargett, Christopher J. Garcia, M&tBeretta, Singyoung ChenDivya P.
Shah Stephanie J. Alexopoulous, Ellen M. Olzong&monP. Tucker, Kyle L. Hoehn, and
Webster L. Santos to be published in a pegrewed journal. Ariel Burgio was responsible for
the synthesis d3.8¢ 3.8e 3.8f, and3.8ag Christopher Garcia aided in the synthesid
characterizationf 3.11a3.11g The rest were synthesizemhd characterized by the author. All
biological studies were performed Byefan R. Hargettrom the University of VirginiaMartina
Beretta, Singr¥oung ChenDivya P. ShahStephanie J. Alexopoulous, and Ellen M. Olzomer at

the Univergty of New South Wales
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3.2 Abstract

Small molecule mitochondrial uncouplers have recently gained recognition as potential
treatments of no@lcoholic steatohepatitis (NASHaging neurological diseases, diabetes and
obesity. We previously report&HS4121705a hydroxyl derivative of the mitochondrial selective
uncoupleBAM15, thatdemonstrated efficaap the Stelic animal modelSTAM) mousemodel
of NASH. In this studywe examined the structural and electronic effects of replacing the pyrazine
furazan core with a pyridinirazan 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 onvitro activity and haHllivesin vivo. We found that
derivatives with substitutions of electron withdrawing groups (EWG) in thg@@shion on the
aniline ring exhibited the greatest uncoupling activity compared to other structural isomers.
Several of the most promising compoarnéstedn vitro exhibited good oral bioavailability in
mice with ranges in gax 0of 10-90 uM and t2 of 0.9 to >24 hours. We found that derivativath
strong EWG®n the 4position ofthe aniline ring exhibited the longesttindicating this positio
asthe primarysite for metabolicdbility. In particular,the pentafluoro derivativ6HM20519115
demonstrated mild uncoupling activityth anECso of 17.1uM in L6 myoblast cells and excellent
oral bioavailability with broad tissue distribution in mide an obesity prevention studyice fed
western diet and administer&HM20519115in food prevened fat mass gain bp%% when
compared tamice fedwestern die{WD) only. Weight losswas not associated witean mass
Importantly, no changes in body tperature or food intake were observ8#iM20519115vas
alsoefficacious inpreventing glucose intolerance and insulin resistamceice 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,
neurological diseasé¥,NASH 2 ® %aging®: 1*13 and diabete&*!® Our group previouslyeported
BAM15 (2.1) asa highly potent uncoupler with mitochondria specificity and a wide therapeutic
window!’ BAM15 was shown to be netoxic at high doses>100 mg/kg) and to primarily
localize within liver tissuéollowed by kidney, WAT, Brain, and heart tissuesnice. Moreover,
BAM15 demonstrated efficacy in a mouse obesity prevention and reversal StlileEspeutic
limitations to BAM15 can be attributed to gkort halflife (1.7 h)in vivo.

Subsequerdtructureactivity relationship studies of BAM15 elucidated the importance of
the furazan, pyrazineand aniline moieties for uncoupling activi§:® The highly conjugated
structure of BAM15 allows for efficient permeation between the innerbrame 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 PKin vivo remained unchangédwe hypothesized that by replacing one aniline
ring with a hydroxyl group the overall aciditycould be maintainedvhile addressing the
physiochemical limitations vivo.

We recently discovered new series of6-amino[1,2,5]oxadiazolo[3,%b]pyrazin5-ol
derivativesthat exhibited greatly improved PK properti@s vivo compared to BAM1%5. A
structure activityrelationship study elucidated the tolerance of substituted EWG/EDG on the
aniline ring and the necessary presence of the furazan head group for uncouplitygdotafly,
we reported the novel mitochondrial uncou@elS41217053.1) thatdemonstrated efficacy in a
STAM mouse model of NASH and found to elicit-p@int improvement in NAS score compared

to vehicle control, with a complete reduction in both stsiat and ballooning (Figure 3.3).
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Figure 3.1 Previous work, SHS4121705 demonstrated 2 point NAS improvement in mic
Reused (dapted) with permission from reference 8. Copyright 2020 American Chemical

Society

Importantly, administration o8HS4121705 resulted in no lean mass loss and was found to be
predoninantly liver localized We hypothesizedthat predominant liver localization gives
SHS4121705 its exceptional efficacy in treatihgASH. Designing a MU that has broader
distribution in adipose tissue while retaini®fiS4121705 and likeéerivativeswith efficacy,
potency, and PK properties could result in a more appropriate treatment for obesity.

We have yet to investigate modifi¢gans to the pyrazine coand its effect on uncoupling
activity in vitro andin vivo. We hypothesizeéhat substituting the pyrazine core for a pyridine
would increase overall lipophilicitfchange ofapproximately+0.5 cLogP calculated using
PerkinElImer Cemdraw professionpbf the compound while alseducingthe acidity of the labile
O-H bond used as the proton source for mitochondrial uncoupling (Figure 3.2ypbtnesized
that a decrease in acidity may reveal new MUs with milder uncoupling activignable to
chronic dosingand an increase of lipophilicity may result in greater adipose tissue distribution

vivo. Additionally, unlike the pyrazine core, theymmetry in th@yridine opens the opportunity
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Figure 3.2 Structureactivity relaticmship study on the importance of the pyrazine core in

SHS412170%lerivatives.

for the placement of the alcohdt either 2 or 3-positiors. In this study, v investigate this
difference in uncoupling activity for each structural isonasr well as substitution pattern

preference.

3.4 Results and Discussion

The synthesis of compoun8s8a3.8ayis shown in Scheme 3.Commerdally available
6-chloro-3-nitropyridin-2-amine(3.2) was chlorinated utilizingy-chlorosuccinimiden acetic acid
to afford dichloropyridine3.3 in 88% yield Treatment withphenyliodine(lll) diacetat€PIDA)
facilitated the cyclization tafford the coresponding furazaN-oxide 3.4. Subsequent reduction
of 3.4 with triphenyl phosphinaffordeddichlorofurazanopyriding®.5 in 80% yield. A methyl
etherwas installedusing sodium methoxid® afford common intermediat8.6 in 89% yield.
Finally, various aniine derivatives werdnstalled through a Peatalyzed BuchwaliHartwig
amination reaction tgeneratenethoxyanilinebearingintermediate 3.7a3.7ay, which provided
the desired hydroxy anilinés8a3.8ayafter treatmentith K2COz in a 1:1dioxanewata mixture

at 110 °C

Theinitial conditions for theross couplingsurprisingly gave undesired produchhethyl
pyridine 3.9 (Scheme 3.2). When the reactionere/performedat 110 °C, we observed the
formation of an undesired thermodynamieAlkylated rearangemenproducs especially with

electron deficient anilinesOn monitoring the reaction, the desiredalRylated methoxy
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compound was kinetically favored but owene would convert fully to the undesiredakylated
product. To determine the cause diis transformationwe subjected3.7ax to each reagent
independently undedentical reactiortonditiors while monitoringreaction progresgia GC/MS.

We found thatXantphos was responsible for the transformation-a@lkylated producB.7axto

the Nalkylated product3.9. Consistent withreported methods to -Blkylate pyridines,we
hypothesized tha methylated phosphonium intermedigt®ormedin situthatcatalyzed the 1;3
methyl migratior?® ! To circumventthis issue, we optimized the reaction and found that a

reaction temperature of 8& promoted the greatest yield of desired product.

Purificationof final compoundsvas achievedia precipitation and recrystallization from
acetoneandhexanes to affordnalyticallypure productTo verify that the free alcohol was crucial

for uncoupling activityseveralo-alkylated intermediate3.7a3.7aywere examineth vitro and

Scheme 3.1Synthesis 0B.8a-3.8ay?

i
HoN N\ Cl a HoN N\ Cl b N N\ Cl c N N\ Cl
O,N O,N (of N (of N Cl
3.2 3.3 3.4 3.5
ld
f N é e |
Nx N -OH N Ny N N0
N = I}IH N I}IH N = cl
Ar Ar
3.8a-3.8ay 3.7a-3.7ay 3.6

#Reagents and conditions: (a) NCS, Acetic Acid, 100 °C 2 h, 88%; (b) PIDA, Acetone, ¢
16 h, 74%; (c) PPhTHF, 0 °Ci rt, 15 min., 80%; (d) NaOMe, THF, rt, 1 h, 89%; (e)
Pa(dba}, XantPhos, Aniline, KCO;s, Dioxane, 85 °G 110 °C, 16 h 15#88%; (f) NaCOs;,

1:1 Water/Dioxane, 110 °C:-26 h 2098%.
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Scheme 3.2Transformation o8.7ax to 3.9

OCF,CF,H OCF,CF,H
3.7ax 3.9

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

found to exhibit no mitochondrial uncoupling activity. This further suggests theaftee o ho | 6 s
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 ahalyzbis
assay, L6 myoblasts were treated with increasing concentrations of the desired compound over a
90-minute time periodThe wncoupling activity of tested compounds directly correlates with the
increase in OCR. Variability in OCR between each experimenbeattributed tovariability in
cell density. To mitigate this issue, wededBAM15 duringeach experiment as a positive control,
and normalized each trial by comparing area under the curve proportional to BAM15 (%BAM15
OCR). Low uncoupling activity (<1%BAM15 OCR) may be due to poor efficacy and/or toxicity
at higher concentrations. Half maximal effective concentratiosdEtas measured based on the
maximum OCR% of each individual analog. Higher %BAM15 OCR directly correlates with
greater efficacy whe lower EGo determines greater potency. Utilizingsecriteria, the data for

tested compounds are reported in Tables3341

Since wehypothesizedhat substituting the pyrazine core for a pyridine would result in
reduced acidity of the ® bond, wesought to first examine more electron deficient aniliBs.

increasing electron deficiency of the aniline ring, we will reduce the electron donating effect of
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the N-H into the pyridine ring and therefore increase the acidith@O-H bond. We started ly
examiningslightly electron deficient anilines with mono substituted fluoridessshown inTable

3.1, mondluorinatedcompoundsvere found to exhibit minimal activity when placed in the meta
and para positions 3.8b and3.8c We thenincreased the nuber of fluorine atoms to further
decrease the aniline electron density, which is expected to impgutihBifluorinated analogs
3.8d-3.8i examined all possible substitution patterns and the OCR activity ranged from negligible
to 24% of BAM15 activity. Anong thesanalogs compound3.8i was the most effective with an
ECso of 4.3 uM. Interestinglythe fluorine atoms&reon the meta position relative to nitrogen in
3.8isuggesting the dominance of inductive over resonafieet of fluorine.Consistent wh this
observation, 3,4/&ifluoroaniline 3.8I had a similar OCR activity (21% of BAM15 and E&®f

2.6 uM) whereas the other isomer8.§j and 3.8k) had significantly lower activity. Further
increase in electron deficiency pentafluoroaniline3.8m (SHM2051911% afforded the most
efficacious analog in the series with a 48% BAM15 O&Rl ECso of 17 pM. Overall, we
discoveredthat the 2,&difluorinatedaniline derivativesresulted inthe greatesactivity among
disubstituted structural isomers. We alsonduhatincreasing the electron deficiency of the
aniline by increasing the number of fluorines resulted in greater overall activity.

Following these promising resultse expanded the SAR to include more electron deficient
aniline rings and investigadetheir uncoupling activity (Table 3.2). Initially, we examined
monosubstituted trifluoromethyl anilines and discovered that all posindh8n, 3.80,and3.8p
exhibited activity with thel-positionexhibiting the greatestctivity. To further increaselectron
deficiency, placement of a fluorine in tBgosition while placing the Gkn the3- and4-positions
resulted in reduced efficacy 3.8q and3.8r. Shifting the Ck group into thes-position in3.8s

resulted in a great increaseOCR activity t054% with an EGp of 1.45uM. On the other hand,
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the2-fluoro-6-trifluoromethylaniline3.8t exhibitedminimal activity.Examinations of th8,4- and

3,5 arrangements of F/GRvere found to haveinimal differenceanddemonstragdlow activity

(3.8uand3.8v).

Table 3.1.0xygen consumption rates 88a3.8min L6 rat myoblast cells.

% of % of
Entry R BAM15 ECso, pM Entry R BAM15 ECso, pM
OCR® OCR?
Maximum woF
BAM15 - OCR 0.31 +0.06 3.89 ‘a{“jij 6 NA
Capacity F
Hof H
N F
3.8a \g“@ - NA 3.8h X C[ 17 42+0.7
F
H
N F N F
380 Y j@( 3 NA 3.8i © 24 43+0.8
F
3.8¢c N ho F
X O 6 NA _ H{NC[F 2 NA
E 38] F
Hof u F
3.8d %{N@F 3 NA 3.8k H{NQ 14 41795
F F
H F \{H F
3.8e YN@ NA NA 3.8l @F 21 26+0.3
F F
Hoh hw F
E{N 3.8m \{N F
3.8f 27 19.9+9.0 48 171+1.9
(SHM20519115)  F F
F F

aRatio d integrated area under OCR dose curve above baseline relative to that of BAM15 from the same
experiment expressed as percent. NA = No Activity.
bHighest tested concentration is 200 uM. BAM15 was tested up to 200 pM.
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We theninvestigatedhe effect ofplacing the CEgroup in the2-position of the aniline
ring with differentpositionalarrangements of fluorine. We found that when the W&s placed in
the 2-position all compounds exhibited greater impemnent in activity over their-positioned
fluorine structural isomeiia 3.8wand3.8xcompared t@.8qand3.8r. When the?,5 arrangement
in 3.8ywas examinedt was found to havéhe greatest activitgg3% BAM15 OCR) Overall, the
2-positioned CEkderivatives were found to have greater overall efycand retained good potency
compared t®-positionedfluorine structural isomers. Moreover, we observedtiiirg instance
where the 2 &lisubstituted positioning was favored over other structural isoaretsexhibited

the greatest efficacy of each $&8f, 3.8s,and3.8y).

We next sought to exploreéhe trifluoromethoxy moietyand examinevhethera similar
pattern arose. Monosubstitution on the aniline ring demonstrated only tolerancenatdf®8ag
andpara(3.8ab) positions but were overall mop®tent than Cigroups. Placement of a fluorine
in the 2-position while shifting the OCE gave varying results. A,3-disubstitution(3.8a9
exhibited mildactivity; however,when arrangedin the 2,4-position (3.8ad), the activity was
reduced.Consistent \th previous results, we found that thé&-ppsitioning wasalso observed
most favorablg3.8ag. Similar to the CkEmodifications we examined placement of the QG
the 2position while moving the fluorine around the aniline rivée found tlat 2posiioned OCE
derivatives exhibited overall lower activity than other structural isomers and were toxic at higher
concentrationg3.8af and 3.8a9g. Finaly, we examined the 3;4and 3,5disubstituedF/OCRK
derivatives(3.8ah and 3.8ai, respectively)and foundthat they displayed minimab moderate

activity.
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Table 3.2 Oxygen consumption rates 818n-3.8aiin L6 rat myoblast cells.

% of % of
Entry R BAM15 ECso, pM Entry R BAM15 ECso, UM
OCR? OCR®
CF, Ho (T
H x.‘{N
3.8n YNj@ 20 13.9+4.4 | 3.8y © 53 78+1.1
F
H y  OCFs
N CFs3 X
380 ¥ j@( 14 16207 | 38z NA NA
H H
38p ¥ O 28 69+12 | 3.8aa \{N@OC& 17 46429
CF,
hoF i
3.8¢ "{“C(Cﬁ 3 NA 38ab ¥ O 14 1.7+03
OCF,
38r ¥ @ 9 NA 3.8ac yN(j/OCFs 30 1.2+0.2
CF3
F
N o
38s < 54 1.5+04 | 38ad ¥ @ 11 1.5+0.4
CF, OCF,
Hof H i
3.8t ‘{N]ij 10 532+137 | 3.8ae ¢ 59 3.4+17
FaC OCF,
o F N
38u % C[ 10 08+01 | 38af ¥ 14 2.7+0.4
CF, F4CO F
H
‘{N F H F
11 08£02 |38ag ¥ 13 1.410.4
3.8v . F4CO
H CF3 H{H
3.8w %{N@F 26 49+0.7 | 3.8ah Q 25 24+03
OCF;
F
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H

§ M
h'e \@\ 29 5.1+£0.6 3.8ai \Q/ 6 NA
3.8x r

OCF,4

aRatio of integrated area under OCR dose curve above baseline relative to that of BAM15 from the sami
experiment expressed as percent. NA =Adtvity.
bHighest tested concentration is 200 uM. BAM15 was tested up to 200 pM.

We next investigated the effect sibstitution of more electron deficiesmalogsusing a
combination ofCR/CRs and CE/OCRs groups installed on the aniline ring (TaBl8®). Moderate
activity was observedwith disubstituted Cikgroupsand, as previoughe 2,5position pattern
(3.8a)) againhad the greatest efficacy compared to other structural iso(Be8ak, 3.8al, 3.8am
and3.8an). When combinations of GROCR wereused, good efficacy and potency were observed
3.8a0and3.8ap We then investigated trisubstitution 2,4-difluoro-5-trifluomethyl 3.8ag and
2,4-difluoro-5-trifluomethoxy @.8ar) derivatives and determinedthat both exhibited good
efficacy and excellenpotency. Lastly, we tested compouratkerelectron withdrawing groups
such as trifluoromethylsulfonyhoiety andfound that when placed in tiparaposition moderate
activity (3.8au). We also investigated the S#ectron withdrawing groypvhich demonstated
activity in themeta(3.8aV) and para(3.8aw) position but were toxic at higher concentrations.
Finally, the OCR.CHF group in theparaposition3.8axand a pyridine3.8ay, the latter onlyhad
moderateactivity.

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

were also prepared and, as expected, showed no uncoupling €8tRét3.8bb).
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Table 3.3 Oxygen consumption rates 818aj-3.8ayin L6 rat myoblast cells.

N Ny -OH
o T T
N/ = R
% of % of
Entry R BAM15 ECso, uM Entry R BAM15 ECso pM
OCR® OCR®
o GFs N i
3.83 %{N\C(CFB 11 18+03 | 38ar < @ 58 20+£0.2
F
OCF,4
3.8ak “{Nj@\ 34 11+01 | 38as ¥ O NA NA
CF3 802CH3
u CFs
“{N s SO,CF;
3.8al 72 20+0.4 | 38at ¥ C( 13 >100
CFs
N CF N
3.8am ¥ C[ : 10 09+02 | 38au ¥ @ 25 1.1+0.2
CF; SO,CF;
H
e o N SF
3.8an 35 1.7+03 | 38av ¥ j@( ’ 20 1.3+0.7
CF,
H CF3 H
3.8a0 ‘{NQ 57 31406 | 3.8aw ¥ j@ 4 0.7+0.1
OCF,4 SFs
N cF N
38ap ¥ \©: ? 45 37+13 | 38ax ¥ j@ NA NA
OCF; OCF,CHF,
F
™ :
3.8aq 51 30+06 | 38ay ¥ @ 26 20.1+18
F N” CF,
CF,

2Ratio of integrated area under OCR dose curve above baseline relative to that of BAM15 from the sami
expeiment expressed as percent. NA = No Activity.
bHighest tested concentration is 200 uM. BAM15 was tested up to 200 pM.
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We next switched the position of the hydroxyl group relative to nitrogen of the pyridine
ring andexamined the effead mediating unoupling activity These compounds were synthesized
according to Scheme 3.3Starting withcommon intermediat&.5 a nucleophilic aromatic
substitution using various anilines afforded 3.10a3.10g Treatment with KOH at high
temperatureprovided the desed products3.11a3.11g Unfortunately, theselerivatives were
found to have minimal to no activifffable 3.4). Proximity of the alcohol to the pyridine nitrogen
appears to be paramount for compoumdaexhibit uncoupling activity.

Derivatives that exhited desirablén vitro properties werselected andvaluate to
determine theipharmacokinetic propertie$hese compounds weaeministered t€57BL/6
malemicevia oral gavage at 10 mg/kg dos@s. shown in Table 3.5, thgamino-
[1,2,5]oxadiazolo[34-b] pyridin-5-ol derivativeshadhalf-lives rangng from 1 to >24 hWe
observed that compounds where thgosition of the aniline ring is blocked with either a
fluorine, trifluoromethoxy (3.8m, 3.8ah 3.8aq and3.8ap and trifluoromethylsulfonyl¥.8au)
had halflives of >2h.Anilines have been known to undergfp-hydroxylation as a primary
pathway of metabolism by CYP2E1 in mamn¥&i&. Compound3.8aq whichhas both the ortho

and para positions blocked, hidig longest halfife of >24 hours.

Scheme 3.3Synthesis 08.11a3.11¢g?

A &
NNy -Cl NNy NH b Ne Ny -NH
(0] —_— O/ —_— (0]
— P = \N/ =
N cl N cl OH
3.5 3.10a-3.10g 3.11a-3.11g

8Reagents and conditions: (a) Aniline, THF, 70 °C, 16499%; (b) KOH, Dioxane/kD

(2:1), 100 °C, 16 h. 2@7%
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Table 3.4.0xygen consumption rates 811a3.11gin L6 rat myoblast cells.

% of % of
Entry R BAM15  ECso, UM | Entry R BAM15  ECso, pM
OCR® OCR®
H
H F E{N
3.11a ‘(N@/F NA - 3.1le O NA -
F
H
N F N
3.11b X \Q/ NA - 311f < 29 >100
F
Hof N
311c N CFs 17 >100 3.11g ¥ NA -
tBu
N
sa1d < Q\KOH NA .
CF§F3

aRatio of integrated area under OCR dose curve above baseline relative to that of BAM15 from the sam
experiment expressed as percent. NA = No Activity.
bHighest tested concentration is 200 uM. BAM15 was tespetb 200 pM.
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Table 3.5.Pharmacokinetic profile of select analogs in niice.

Compound Structure Cmax (UM)  ta2(h)
N N\ OH
3.8m O\N/I;[NH
F F 57 4.4
(SHM20519115) . .
F

CF,
NNy _-OH
3.8y °\NMN/© 46 1.0
H
!

NNy OH OCF,
3.8ah o L L L 14 2.9
A

CFs
N N\ OH
3.8al O‘NL/IN@ 29 2.2
o ocr
NN -OH OCF;
3.8a0 O\N/I/IN/Q 10 >24
o cr

N NS
3.8ap O\N/I;[N o5, 19 9.5

3.6

N\ N\ \
3.8au J /II o 35
N Z N

a Compounds were administered at 10 mg/kg body weight by
gavage to C57BL/6 male mice. Plasma samples collected e24ht
were analyzed by LAS/MS. Gnax = maximal plasma concentratio

ty2 = halflife.
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Figure 3.3 Pharmacokinetics of compou®HM20519115 Pharmacokinetic perties of

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

Values are represented as mean + SEM.

Due to favorablén vitro andin vivo pharmacéinetic profile, derivative3.8m
(SHM20519115 was chosen as a suitable candidatenfarvo efficacy study in anlgesity
prevention mouse modgétigure 3.3. In vivoefficacy was determined using an obesity
prevention mouse model, as described bef@wefly, over the course of 14 days mice were
separated into 3 groups that were fed a chow diet, western diet (WD), and WD with
SHM20519115at a dose 0£30mg/kg During the experiment, food intake was monitored and
SHM20519115howed no effect on food consumpti¢h5+-0.3 g/mouse/daygs compared to
WD controls (2.%0.5 g/mouse/dayBody composition was determineih echoMRI every 5
days andlaily body weight was measuredice fed the WD were found to ga®3g of fat
mass athe end of the experiment with the chow diet only gai®idg. Supplementing
SHM20519115with WD fed mice prevente89% mass gaicompared to WD groypesulting

in an increase df.4g of fat mass without affecting fétee lean mass (Figure 3.4). Atidnally,
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SHM20519115demonstrated efficacies in preventing dretuced glucose intolerance and
hyperinsulinemia (Figure 3.5). The group #dM20519115admixed with WD exhibited an
increase in glucose levels @L.8 mM) compared to thgvD controls (+25 mM). Insulin levels
were found to decrease By97ng/mL within the group treated witEHM20519115compared
to the increase d¥.33ng/mLin theWD controls To determine tissue distribution of
SHM20519115at the end of the study, mice were sacrifibg@xsanguination through direct

cardiac puncture under isoflurane anesthesia and tissuesxeenened SHM20519115wvas
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Figure 3.4.CompoundSHM20519115prevents dietnduced obesity without altering lean
mass(A-B) Body weight (BW) meagements (A) over time and (B) represented as gram
gained during the study. {E) Fat and lean mass ({see mass) measurements, represente
(C,E) over time and (D,F) as grams at the end of the sWalyes are represented as mean
SEM, n=57. *indicaies p<0.05 compared to Western diet (WD), determined bywvaiye
ANOVA foll owed by Dunnett 6s -Wallstestfporl e c ¢

nonparametric data
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found to exhibit broatissuedistribution inliver, white adiposeissue, brown adipose tissue and
kidney,which demonstrates favourabeofile in the context opotential therapeutic teément of

obesity (Figure 3.6).
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30 30 1500 q
— -2 Chow —_ ®
= - WD = =
£ -+ WD +9115 E 251000
2 ? SE
Q Q (&
5] o 35—~ 500
2 3 g * *
- 10 T 10 EC
8 3 o 01
m m
04— T T T T 01— T T T T -500 T T T
0 30 60 90 120 0 30 60 90 120 Chow WD \é\ﬂ g
Time (min) Time (min)
D E F
15- ™A Chow 15

= WD #
= WD +9115

-
o
*

(mM, random-fed)
w

Blood glucose
(mM, fasting)
Blood glucose
Insulin {ng/mL)

[=]

Pre-treatment Post-treatment Pre-treatment Post-treatment Pre-treatment Post-treatment

Figure 3.5 SHM2051911%revents glucose intolerance and insulin resistgAc®) Glucose
tolerance test (GTT) was perform@y) pre- and(B) posttreatment(C) Changen thearea
under the curve (AUC) prend postreatment. *indicates p<0.05 compared to Western diet
(WD), determined by onevay ANOVA followed by KruskalWallis test.(D) Fasting (5 hours)
and (E) randonfed blood glucose measurements-aned postireatment. (F) Randonrfied
plasma insulin levels prand postreatmentValues are represented as mean + SEM; h=5
*indicates p<0.05 compared to WD, determined by-tvay repeated measures ANOVA

foll owed by Dunnett és mudindicatgslp<).0®ompamditopres on p o s
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treatment measurements, determined bywag repeated measures ANOVA followed by

Sidakdéds multipl e &auaparerrdapresenied gsongean + BEMeh=3 e st .
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Figure 3.6. CompoundSHM20519115primarily targets liver tisue.(A) Tissue distribution
of 9115 at the end of the study (n=7). (B) Liver triglyceride (TG) lipid levels measured a
end of the study: indicates p<0.05 compared to Western diet (WD) assessed hyayne
ANOVA followed by KruskatWallis test. Valus are represented as mean + SEM,A=5

3.5 Conclusions

Mitochondrial uncouplers diminish ¢h PMF independent of ATP synthasghich
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 uncoupls have demonstrated efficacy in animal models for the treatment and
prevention of obesity, NASH, diabetes, and strdkethis work, we performed thestructure
activity relationship study of a new series ofafinc[1,2,5]oxadiazolo[3,4]pyridin-5-ol
deirivatives as mitochondrial uncouplers. Our investigations revealed the impact ot&yaGty
and position on the aniline ringf substituentson bothin vitro uncoupling activity and

pharmacokinetic properties. The placement of EWGs in the 2,5 positioa ailine ring resulted
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in an overall greater efficady vitro for nearly all structural isomers. Derivatives exhibited a broad
range of physiochemical properties with Hales from 1 h to >24 h. Moreover, we found that
derivatives exhibited the longehalflife in vivo when both theortho and parapositions were
blocked with metabolically stable functional groups. In particular, we discovered that
SHM20519115demonstrated efficacy in a mouse obesity prevention model. Mice fed with
SHM20519115admixedwith a WD had a reduction &9% in fat mass gain and importantly,
demonstrated no loss of lean mass. AdditionéiiiM20519115was found to have broader
distribution in adipose tissue than SHS4121705 promoting the potential therapeutic treatment of

obesty.
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Chapter 4: Experimental

4.1 General Experimental Methods

Reagents were obtained from commercial sources unless stated otherwise. Argon gas was
acqured 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 udiagl&h P60 4®3
em, 60 . Tubes were properly sealed under
chromatography was performed to determine reaction progress utilizing Silicycle aluminum

backed silica gel 254 plates.

4.2 Instrumentation

Agilent 400MR 400 MHz or Varian Inova 400 MHz were used fét, and'°F NMR
spectroscopic experiments. A Bruker Avance |11 500 MHz was predominately utiliZé€ fdMR
spectroscopic experiments unless stated otheri¥isand'3C NMR spectra are referencedan
internal standard (acetoiule) and al l chemical shifts are r
characterizations are presented as followed: chemical shift, multiplicity (s = singlet, d = doublet, t
= triplet, g = quartet, dd = doublet of doublets, dt = doublet of triplets, dq = doulojearéts, tt
= triplet of triplets, qd = quartet of doublets, m = multiplet), coupling constants (Hz), and
integration.HPLC and high resolutiomass spectroscopy (HRMS) was performed on Thermo
Eledron TSQ triple quadrupole masgectrometer equipped widm ESI source. HPLC condition
1. Phenomenex LUNA column (1B0m x 2. 0 mm, 5 &em, C18) using

formic acid in RO (mobile phase Adnd 1% formic acid iMeCN (mobile phase B) on akgilent
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1100 binary pump with gradient of 5605% mobile phase A B at a flow rate 0.2 mL/min.
HPLC condition 2Phenomenex Luna (150 mm x 4.5 mbn, € m, Cl18) wusing a s
0.1% TFA(aq) (mobile phase A) and 0.1% TFA in acetonitrile (mobile phaserBan Agilent
1200binary pump with a gradient of%% mobile phase A B at aflow rate of 1.5 mL/min.
Unlessotherwise noted, HPLC condition 1 was us&ti.compounds testedh vitro andin vivo

are >95% and99% pure by HPLCGespectively

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)

Cl<__N.__NH,

N

cI” > F " No,

Procedure similar to previously reported literature with additional purification méthods

6-chloro-3-nitropyridin-2-amine3.2(20 g, 115 mmol) and NCS (16.157 g, 121 mmol), were added

to acetic acid (50 mL) and stirred 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 ag. 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 \attr vand filtered to afford.3
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as a pure yellow solid (20.4g 85%) NMR (500 MHz, Acetonals) U 8. 56 ( s, 1H),
13C NMR (126 MHz, Aceton@le) i 152 . 7, 15 1(t, J8& 4.9 Hz} 615.8 126. 9

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

©0°
Cl = /N\
N S ’O
ci” "N~ N

Procedure similar to previoustgported works.

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 1&@uhs The reaction was then concentrated under
reduced pressure to remote 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 affrdlas a yellow solid (7961g 80%) 1H NMR (400/Hz,
Acetoneds) 852 (s, 1H)C NMR (126 MHz, Acetonals) U i11586(n§, 15767 156.6

(m), 131.91 130.9(m), 12627 122.8 (m), 109.6 108.2(m).

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

In a dry flask3.4(1.0g, 14.56 mmol) was dissolved in dry DCM (BQ) and triphenylphosphine

(3.82 g, 14.56 mmol) was added slowly at O °C under argon. The mixture was allowed to warm to
room temperature and stir for a total of 30 minutes. Theaiogawas concentrated under reduced
pressure and extracted with saturated sodium bicarbonagéttgidcetate 3XThe organic layers

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

chromatography (hexanethyl acetate &%) to afford3.5 as off white solid (1.00 g 54%?H
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NMR (500 MHz, Acetonals) U 8. 9%C NMR (1261IMHJ, Acetonels) U 158 . 8,
144.1, 134.7, 127.0

Procedure 4.4:6-chloro-5-methoxy[1,2,5]oxadiazolo[3,4]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 mi@ Methanol( 1 4 13.4% ramol) in dry THF (5

mL) was added dropwide the mixtureover a mimte, and allowed to stir for 10 mi&.3 (600

mg, 3.16 mmol) in dry THF (5 mL) was then add#rdpwiseto the mixture over 1 minute and

allowed tostir for 30 mirutes The mixture was theconcentratedinderreduced pressure, and

purified via flash silicayel chromatographyhéxanesthyl acetate &%) to afford3.6as a white
crystalline solid (538 mP2%).'"H NMR (500 MHz, Acetonels) U 8. 57 (s, 1H),
13C NMR (126 MHz, Acetonals) U ,157.9 149.4, 129.8, 126.1, 56.8

General Procedure 4.5

A sealed vial containing Rdba (0.1 equiv), Xantphos Q.2 equiv), 6-chloro-5-methoxy
[,2,5]oxadiazolo[3,4b]pyridine (1.0 egiv.) and KCOs (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.), argtirred at 856110°C for 16 burs The mixture wasllowed to

cool to room temperatutefiltered through Celitewhile being washedwith ethyl acetate
concentrated under reduced pressure, and purified via flash silica gel chromatography (Hexanes:

Ethyl Acetate) to afford the desired produétga4.7ay.
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General Procedure 46.

N-(2-fluorophenyl}5-methoxy|l,2,5]oxadiazolo[3,4b]pyridin-6-amine (5 mg, 0.058 mmol) and
NaCOs (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 forlb h at 110 °C and monited via TLC. After completion

of the reaction, the mixture was allowed to cool to room temperadoed water, filterednd
acidified with 10% HCI aq. to precipitate the produlthe solidwas thercollected, washed with
water,dried and thenecrystallzed from acetone with hexane to afford pure desired prodi8as

4.8ay.

General Procedure 4.7-chloro-N-phenyt[1,2,5]oxadiazolo[3,4]pyridin-5-amine @3.10

To a 6 dram vial containing a stir bar was addeebigbloro[1,2,5]oxadiazolo[3,4]pyridine 3.5
(1.0 equiv) and the necessary aniline (2.0 equiv). THRLPwas then added and allowed to stir
at 70 °C for 16 hours, the reaction was monitardTLC. Upon completion the reaction was
extracted with ethyl acetaterganic layer dried over sodium sulfate and solvent removed under
reduced pressure. The crude mixture was then purified by silica gel column chromatography
(Hexanes: Ethyl Aceta}eo yield the title compounds.
General Procedure 48 5-(phenylamino)1,2,5joxadiazolo[3,4b]pyridin-6-ol (3.11)

£ L
X o]

HOI\J:\N’

To a sealable reaction vial was addedlO starting material (1.0 equiv), synthesized in general
procedured.7, along with potassium hydroxide (3.0 equiv)didxanéH>O solvent mixturgl1:1)
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 HCI and extracted with ethyl acetate. The organic
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layer was dried over sodium sulfate and the solvenbvechunder reduced pressure. The resulting
crude mixture was loaded onto Celite and purified by silica gel column chromatogriptanés:

Ethyl Acetat¢ to yield the title compounds.

N-(2-fluorophenyl)-5-methoxy-[1,2,5]axadiazolo[3,4b]pyridin -6-amine (3.78 Synthesized

by general procedur5to yield 3.7a52% as a yellow solidH NMR (500 MHz, Acetonals) U

7.92 (s, 1H), 7.62 7.57 (m, 1H), 7.37 7.29 (m, 3H), 6.82 (d] = 2.2 Hz, 1H), 4.24 (s, 3HYF

NMR (376 MHz Acetoneds) -122.67i -122.83 (m)3C NMR (126 MHz, Acetonels) & 161 . 2,
157.4(d,J = 247.4 Hz) 154.9, 144.2, 136.9, 128@, J = 8.1 Hz), 127.3d,J = 12.9 Hz), 127.3

(d, J= 2.0 Hz), 126.4d, J = 3.9 Hz), 117.8d, J = 19.9 Hz), 93.7d, J = 2.7 Hz), 56.2 HRMS

(ESF)m/zc al ¢ 6 ebH10FN4@; (M+H)* 261.0782, Found 261.0781

0,

6-((2-fluorophenyl)amino)-[1,2,5]oxadiazolo[3,4b]pyridin -5-ol (3.88 Synthesized by general
proceduret.6 to yield 3.8a70% as a yellovsolid. 'H NMR (500 MHz, Acetonale) i 11. 81 (s,
1H), 7.93 (s, 1H), 7.70 7.61 (m, 1H), 7.36 7.28 (m, 3H), 6.82 6.76 (M, 1H);}°F NMR (376

MHz, Acetoneds) U-124.69i -125.08 (m);*3C NMR (126 MHz, Acetonels) U 159(d,6, 156
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J=246.6 Hz), 148.6, 142.9, 139.1276 (d,J = 11.7 HJ, 127.4(d,J = 8.3 Hz), 126.4d, J= 4.5
Hz), 125.7i 125.5 (m), 117.2d,J = 19.8 Hz), 90.7d, J = 2.8 Hz);

HRMS ( ESI +) miiHsFN©Oa(M+HP 847.06260 found247.0622

N-(3-fluorophenyl)-5-methoxy-[1,2,50xadiazolo[3,4-b]pyridin -6-amine (3.7 Synthesized
by general procedud5to yield3.7b67% as a yellow solidH NMR (500 MHz, Acetonals) U
8.26 (s, 1H), 7.58 7.44 (m, 1H), 7.40 7.35 (m, 1H), 7.35 7.29 (m, 1H), 7.29 7.23 (m, 1H),
6.987 6.91 (m, 1H), 4.20 (s, 3H}*F NMR (376 MHz, Acetonals) -112.897 -113.00 (m,
1F)13C NMR (126 MHz, Acetonals) U (8,6 42424 Hz), 164, 154.9, 144.2, 142.2, 136.0,
132.0 (d, J = 9.9 Hz), 118(d, J = 3.0 Hz), 112.0 111.2 (m) 110.37 109.6 (m), 94.5, 56;1

HRMS (ESt) m/izc a | ¢ 6CehH1FNL@z (M+H)* 261.0782, found 261.0782.

6-((3-fluorophenyl)amino)-[1,2,5]oxadiazoloB,4-b]pyridin -5-ol (3.8b) Synthesized by general
procedured.6to yield 3.8 85% as a yellow solidH NMR (400 MHz, Acetonals) U 11. 80 (
1H), 8.21 (s, 1H), 7.58 7.45 (m, 1H), 7.39 7.29 (m, 2H), 7.23 7.20 (m, 1H), 6.98 6.91 (m,

1H); 1F NMR (376 MHz, Acetonals) -1112.96i -113.08 (m, 1F)}3C NMR (126 MHz, Acetone

do) U (H,84 239 Hz), 159.7, 148.6, 142.942.0 (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), 1098, J = 24.8 Hz), 92; HRMS (ESI+) m/z

c al c 6 ¢hHsFNEOo (M+HE 247.0626, found 247.0624.
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6-((4-fluorophenyl)amino)-[1,2,5]oxadiazolo[3,4b]pyridin -5-0l (3.79 Synthesized by general
proceduret.5to yield3.7¢50% as a yellow solidtH NMR (400 MHz, Acetonals) G 8. 10
7.53i 7.45 (m, 2H), 7.29 7.19 (m, 2H), 7.03 (s, 1H), 4.21 (s, 3K NMR (376 MHz, Acetone
ds) -118.75i -118.95 (m)13C NMR (101 MHz, Acetonels) U (1,9 8 242.9 Hz) 149.7,
139.1, 136.5, 125.@1,J= 3.9 Hz), 123.4d,J=7.7 Hz), 121.5, 120.{d,J = 1.6 Hz), 116.91154

(d,J=19.1 Hz); HRMS (ES) : Ca | pHidNG, @rH)*C261.0782Found: 261.0788

N-(4-fluorophenyl)-5-methoxy-[1,2,5]oxadiazolo[3,4b]pyridin -6-amine (3.8¢ Synttresized by
general procedurd.6 to yield 3.8c87% as a yellow solid!H NMR (400 MHz, Acetonals) U
11.73 (s, 1H), 8.07 (s, 1H), 7.55.48 (m, 2H), 7.28 7.20 (m, 2H), 6.89 (s, 1H}*F NMR (376
MHz, Acetoneds) -118.307 -120.24 (m);®*C NMR (101 MHz, Acetonals) U @EE. 6
243.3 Hz), 158.8, 147.6, 142.2, 138.9, 136.3) = 2.9 Hz) 1248 (d,J = 8.5 Hz), 116.1d, J =

23.0 Hz), 88.2HRMS (ESt) : Ca | aH3FN4Of (M-H) 285.0480 Found: 245.0482
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N-(2,3-difluorophenyl) -5-methoxy-[1,2,5]oxadiazolo[3,4b]pyridin -6-amine (3.7d
Synthesized by general proceddrs to yield 3.7d 79% asa yellow solid.*H NMR (500 MHz,
Acetoneds) U 8. 05 7(7.89(m,1H),)7.36 7722 (E2H), 6.98 (d, J = 2.3 Hz, 1H), 4.24
(s, 3H);'%F NMR (376 MHz, Acetonels) -138.33i -138.79 (m, 1F);147.21i -147.43 (m, 1F);
13C NMR (126 MHz, Acetoneds) U 1 6 1(d, 3= 24216649) 158.8,144.3, 137.4, 136.@,
J=3.0 Hz), 126.4d,J = 8.4 Hz), 117.4d,J = 22.9 Hz), 92.2,56;1 HRMS ( ESI +)

for C12HoF2N4O2 (M+H)™ 279.0688, found 279.0689.

6-((2,3-difluorophenyl)amino)-[1,2,5]oxadiazolo[3,4b]pyridin -5-0l (3.8d) Synthesized by
general proceduré.6 to yield 3.8d 84% as a yellow soliddH NMR (400 MHz, Acetonals) U
11.87 (s, 1H), 8.04 (s, 1H), 7.527.45 (m, 1H), 7.36 7.27 (m, 1H), 7.27 7.17 (m, 1H), 6.94
6.88 (M, 1H):1% NMR (376 MHz, Acetonels) -1B8.36i -139.25 (m, 1F);148.82i -149.48
(m, 1F);13C NMR (126 MHz, Acetonals) U 1115®1 (M), 12.0(ddd, J = 246.3, 11.3, 2.1
Hz), 148.6 (d, J = 14.2 Hz), 145(#@idd, J = 248.114.5, 10.6 Hz), 142.8, 138(8, J = 18.6Hz),
130.17 129.2 (m), 125.7dd, J = 9.2, 5.2 Hz), 120(dd, J = 21.7, 3.8 Hz), 114(dd,J = 17.5,
7.8 Hz), 92.8 91.0(m); HRMS (ESt) m/ z ¢ ailHeFNgD, (MH) 263.0386, found

263.0391.
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N-(2,4-difluorophenyl) -5-methoxy-[1,2,5]oxadiazolo[3,4b]pyridin -6-amine (3.7
Synthesized by general proceddrBto yield3.7e71% as an offwhite solid.*H NMR (400 MHz,
Acetoneds) U 7. 91 (788 (m,1HY)7.29 7722 Gn51H), 7.18 7.11 (m, 1H), 6.71 (s,
1H), 4.23 (s, 3H)F NMR (376 MHz, Acetonals) -113.48i -113.63 (m)-117.22i -117.31
(m); °C NMR (101 MHz, Acetonels) 0.8 (td, J = 246.3, 11.5 Hz), 16D, 157.2(dd, J =
250.9, 250.4, 238.2, 12.5 HZ)54.0, 143.3, 136.7, 128(@d, J = 10.0, 2.8 Hz), 122.¢dd, J =
12.4, 3.8 Hz), 112.4dd, J = 22.4, 3.8 Hz), 105.(dd, J = 26.9, 24.1 Hz), 92.6d, J = 2.0 Hz),

55.3HRMS ( ES| +)  m/1HoF 44 (M)t 279.6688 foud 279.0701.

6-((2,4-difluorophenyl)amino)-[1,2,5]oxadiazolo[3,4b]pyridin -5-0l (3.8 Synthesized by
general procedurd.6 to yield 3.8e69% as a yellow solid!H NMR (400 MHz, Acetonals) U
11.79 (s, 1H), 7.88 (s, 1H), 7.69.61 (m, 1H), 7.28 7.21 (m, 1H), 7.18 7.11 (m, 1H), 6.62 (s,
1H); 1% NMR (376 MHz, Acetonels) -114.11i -114.28 (m);118.47i -118.58 (m)13C NMR
(101 MHz, Acetoneds) U  (Hd§ 0= 245.9, 11.5 Hz), 8%, 156.6(dd, J = 250.3, 12.6 Hz)

147.8, 142.0, 139.1, 127(8d, J = 9.7, 2.6 Hz), B1 (dd, J = 12.2, 3.9 Hz), 1126d, J = 22.4,
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3.8 Hz), 104.9dd, J = 26.9, 239 Hz),896d, J = 2.0 Hz): HRMS

C11HsF2N4O2 (M-H) 263.0386, dund 263.0377.

N-(2,5-difluorophenyl) -5-methoxy-[1,2,5]oxadiazolo[3,4b]pyridin -6-amine (3.7)
Synthesized by general proceddtgto yield 3.7f43% as an offvhite solid.'H NMR (400 MHz,
Acetoneds) U 7. 96 71(783(m,2HY),)7,12 7706 é4n51H), 7.04 (s, 1H), 4.274.19 (m,
3H); 2°F NMR (376 MHz, Acetonals) -1117.96i -118.32 (m);128.07i -128.44 (m)*3C NMR
(126 MHz, Acetonals) U 1 6 1(ddlJ,= 2415,%8.1 Az), 155,0533 (dd, J = 243.2,3.4

Hz), 144.1, 136.0, 128(@d,J = 14.7, 11.0 Hz), 118.4ld,J = 22.8, 10.1 Hz)113.7(dd,J = 24.4,

8.3 Hz), 113.Xdd,J = 26.4, 2.7 Hz), 95.4d,J=2.9Hz),56.3 HRMS ( ESI +) m/

cal c 6 eHoFNs@ (M+HD)* 2790688, found 279.0698.

6-((2,5-difluorophenyl)amino)-[1,2,5]oxadiazolo[3,4b]pyridin -5-0l (3.8f) Synthesized by

general proceduré.6to yield 3.8f25% as a beige solidd NMR (400 MHz, Acetonals) U 11 .

(s, 1H), 7.99 (s, 1H), 7.527.46 (m, 1H), 7.39 7.32 (m, 1H), 7.10 6.92 (m, 2H)°F NMR (376

MHz, Acetoneds) -1117.25 -118.67 (m);128.69i -132.28 (m)¥*C NMR (101 MHz, Acetone

ds) 158.8(dd,J = 241.4, 2.4 Hz), 158.7, 151(@d,J = 242.2, 3.0 Hz)147.8, 141.9, 137.3, 128.1

(dd,J = 13.7, 11.0 Hz), 117.@d,J = 22.4, 10.0 Hz), 112.@4, J = 8.0 Hz), 110.6dd, J = 27.1,
76
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1.9Hz),91.8d,J= 2.3 Hz): HRMS ( ESFNGD, (MrH) 2630386, fondl . f or

263.0392.

N-(2,6-difluorophenyl) -5-methoxy-[1,2,5]oxadiazolo[3,4b]pyridin -6-amine

(3.7g)Synthesized by general proced4rs to yield 3.7953% as a white solidH NMR (400

MHz, Acetoneds) U 7. 85 (7544 (m11H)) 7.27 7.19518, 2H), 6.57 (t, J = 2.0 Hz,

1H), 4.26 (s, 3H)**F NMR (376 MHz, Acetonals) -1118.97i -119.06 (m)23C NMR (126 MHz,

Acetoneds) @ 160.7, 159.5 (dd, J = 249)=612Hg), 8 Hz)
116.3 (d, J = 17.4 Hz), 113i9112.9 (m), 94.2, 56.4RMS (ES) m/zc a | ¢ 6 gHoFNs@r C

(M+H)* 279.0688, found 279.0704.

6-((2,6-difluorophenyl)amino)-[1,2,5]oxadiazolo[3,4b]pyridin -5-0l  (3.89 Synthesized by

general procedur.6to yield3.8966% as a white solidH NMR (500 MHz, Acetonals) G 1 1. 82
(s, 1H), 7.81 (s, 1H), 7.507.42 (m, 1H), 7.26 7.17 (m, 2H), 6.36 (t, J = 2.0 Hz, 1HJF NMR

(376 MHz, Acetoneds) -118.94i -119.03 (m)23C NMR (126 MHz, Aceton&ls) U 159 . 3, 1°¢

(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 (EBVzc a | ¢ 6 diHsFoNs©2(M-H)

263.0386, found 263.0383

N-(3,4-difluorophenyl) -5-methoxy-[1,2,5]oxadiazolo[3,4b]pyridin -6-amine

(3.7h) Synthesized by general procedd6 to yield 3.7h52% as a yellow solidH NMR (500

MHz, Acetoneds) U 8. 21 (788 (m12H)y.35i 7.31 %, 1H), 7.26 (s, 1H), 4.21 (s,

3H); 1% NMR (376 MHz, Acetonals) -1B7.59 -137.73 (m);144.42i -144.55 (m):3C NMR

(126 MHz, Acetonals) U 161.3, 154.8, 151.2 (dd, J = 246
Hz), 144.2, 137.2 (dd} = 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 HRMS (ESI) m/zc a | ¢ & chzH7F2K4@ar (M-H)

277.0543 found 277.0536.

6-((3,4-difluorophenyl)amino)-[1,2,5]oxadiazolo[3,4b]pyridin -5-0l (3.8h) Synthesized by
general procedurd.6 to yield 3.8h 91% as a yellow soliddH NMR (400 MHz, Acetonals) U
11.74 (s, 1H), 8.15 (s, 1H), 7.5%.47 (m, 1H), 7.4%5 7.37 (m, 1H), 7.37 7.32 (m, 1H), 7.08 (s,

1H):; F NMR (376 MHz, Acetonals) -1187.64i -137.86 (m);144.69i -144.90 (m)*3C NMR
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(126 MHz, Acetonedy) o 159.6, 151.2 (dd, J = 246.2, 13.
Hz), 143.0, 139.0, 137.1 (dd, J = 8.7, 3.4 Hz), 119.7 (dd, J = 6.7, 3.11&8 (dd, J = 18.2, 1.2
Hz), 112.6 (d, J = 20.0 Hz), 90.BRMS (ES!) m/zc a | ¢ 6 diHsFaN4@, (M-HJ 263.0386,

found 263.0438.

N-(3,5-difluorophenyl) -5-methoxy-[1,2,5]oxadiazolo[3,4b]pyridin -6-amine

(3.7i) Synthesized by general procedudes to yield 3.7i 55% as a yellow solidtH NMR (500

MHz, Acetoneds) U0 8. 36 (s, 1 H).12 (m72HK .78 (tts),= 9.2, BL.3 Hz, 1H), 1 8
4.19 (s, 3H)X%F NMR (376 MHz, Acetonels) -110.097 -110.20 (m);**C NMR (126 MHz,

Acetoneds) U 164.6 (dd, J = 245.4, 15.08HzH%3p.2, 161. -
105.3i 104.9 (m), 99.7 (d, J = 26.7 Hz), 96.7, 564BMS (ESI) m/zc a | ¢ 06CiH7FNM4@or

(M-H)" 277.054Found 277.0537.

HO. NN
\ — /O
HN N
F F

6-((3,5-difluorophenyl)amino)-[1,2,5]oxadiazolo[3,4b]pyridin -5-0l  (3.8i) Syntheized by
general procedur.6to yield3.8i74% as a yellow solidH NMR (400 MHz, Acetonels) G 11. 80
(s, 1H), 8.31 (s, 1H), 7.37 (s, 1H), 728.17 (m, 2H), 6.83 6.75 (m, 1H)°F NMR (376 MHz,

Acetoneds) -110.107 -110.26 (m);**C NMR (126 MHz, Acetonels) U 164.5 (dd, J
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15.4 Hz), 159.6, 148.7, 143.2 (t, J = 13.3 Hz), 142.8,8,305.2i 104.7 (m), 99.6 (t, J = 25.8

Hz), 93.2;HRMS (ES) m/zc a | ¢ 6 ehiHsFaN4@z (M-HJ 263.0386, found 263.0380.

5-methoxy-N-(2,3,4trifluorophenyl) -[1,2,5]oxadiazolo[3,4b]pyridin -6-amine

(3.7j) Synthesized bgeneral proceduré.5to yield 3.7] 68% as a tan solidH NMR (500 MHz,

Acetoneds) U 8. 06 i(7.40(m,1HY,)7.39 7729 (91H), 6.90 (d, J = 2.4 Hz, 1H), 4.25

(s, 3H);2°F NMR (376 MHz, Acetonels) -188.73i -139.16 (m);141.20i -141.63(m), -160.33

i -160.65 (M)13C NMR (126 MHz, Acetonal) & 161.0, 155.0, 150.0 (d
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

i 125.2 (m), 123.2 121.8 (m), 113.4 (dd, J £8.4, 4.3 Hz), 94.6 (d, J = 2.5 Hz), 56tIRMS

(ESF)mizc a | ¢ 6 gHsFaN4@z (M+HD)* 297.0594, found 297.0586.

6-((2,3,4trifluorophenyl)amino) -[1,2,5]oxadiazolo[3,4b]pyridin -5-0l (3.8)) Synthesized by
general procgure4.6to yield3.8j 97% as a white solidH NMR (400 MHz, Acetonels) U 11. 7 7
(s, 1H), 7.97 (s, 1H), 7.497.40 (m, 1H), 7.3% 7.25 (m, 1H), 6.74 (dd, J = 2.1, 0.6 Hz, 1HF

NMR (376 MHz, Acetonels) -1189.24i -139.64 (m);142.34i -142.62 (m);160.53i -160.84
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(m); °C NMR (126 MHz, Acetonels) U 1 5 9i.148,6(m), 548.7, 746.9ddd,J = 2508,
11.1, 4.0 Hz), 142.8, 141(dd,J = 249.3 16.5, 13.9 Hz), 139.7, 125(dd, J = 9.9, 4.0Hz),
121.8i 121.4 (m), 113.2dd,J = 18.3, 4.2 Hz), 91.4d,J= 2.4 HZ)HRMS (ES]) m/ z cal co6d.

C11H4F3N4O2 (M-H) 281.0292, found: 281.0339

(0] /N /N\
\ — /O
HN N
F F

5-methoxy-N-(2,4,6trifluorophenyl) -[1,2,5]oxadiazolo[3,4b]pyridin -6-amine

(3.7K) Synthesized by general proceddré to yield 3.7k 57% as an offvhite solid.'H NMR

(500 MHz, Acetoneds) U (s71HB A.26 7.10 (m, 2H), 6.64 (t, J = 1.8 Hz, 1H), 4.27 (s, 3H);

19 NMR (376 MHz, Acetonals) -11.0.137 -110.33 (m, 1F);115.751 -115.95 (m, 2F)&3C

NMR (126 MHz, Acetonels) & 162.0 (dt, J = 15.8, 3.9 Hz),
7.3 Hz), 155.0, 144.1, 137.5, 113.412.9 (m), 102.7 101.8 (m), 94.2, 56.24RMS (ESI) m/z

c al c 0 ebHsFN4@, (M-H) 295.0448, found: 295.0443

6-((2,4,6trifluorophenyl)amino) -[1,2,5]oxadiazolo[3,4b]pyridin -5-0l (3.8k) Synthesized by
general procedur.6to yield 3.8k 71% as a white solidH NMR (500 MHz, Acetonels) U 11 . 82

(s, 1H), 7.76 (s, 1H), 7.237.11 (m, 2H), 6.40 (t, J = 1.8 Hz, 1HJE NMR (376 MHz, Acetone
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ds) -1110.42i -110.56 (m);115.72i -115.82 (M)33C NMR (126 MHz, Acetonels) U 16 1 .

J=247.2,15.1 Hz), 159.8 (ddd, J = 251.1, 15.8, Z)3 £59.2 (dt), 148.8, 142.7, 140.4, 11B.5
113.0 (m), 102.5 101.7 (m), 91.1 (d, J = 2.2 HAIRMS (ES) m/zc a | ¢ 6 eiHaFsN4@; (M- C

H) 281.0292, found: 281.0287

5-methoxy-N-(3,4,5trifluorophenyl) -[1,2,5]oxadiazob[3,4-b]pyridin -6-amine
(3.71) Synthesized by general proceddtbto yield 3.7165% as a tan solidH NMR (500 MHz,
Acetoneds) U 8. 28 (s, 1HT.28(m{2H% 6.19(ss3HPFINNR (376™MHA 8

Acetoneds) -185.147 -135.86 (m, 2F)-168.107 -168.93 (m, 1F)*C NMR (126 MHz,

Acetoneds)y U 161.3, 154.9, 152.3 (ddd, J = 246.

Hz), 137.1i 136.7 (m), 135.8, 107.D 107.5 (m), 95.8, 56.2; HRMS (E$Im/zc a| ¢ 6 d .

C12HgF3N4O2 (M+H)™ 297.0594, found 297.0591.

6-((3,4,5trifluorophenyl)amino) -[1,2,5]oxadiazolo[3,4b]pyridin -5-0l (3.8l) Synthesized by

general procedur.6to yield3.8176% as a yellow solidH NMR (500 MHz, Acetonals) U 1 1.

(s, 1H), 825 (s, 1H), 7.43 7.32 (m, 2H), 7.27 (s, 1HYF NMR (376 MHz, Acetonals) -135.42
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i -135.73 (M);168.65i -168.82 (M)23C NMR (126 MHz, Acetongls) o 159.5, 152.

246.5, 10.6, 5.6 Hz), 148.6, 142.8, 138.3, 136.9 (dd, J = 246.3, 15.63@8j 1.36.5 (m), 107.6

i 106.9 (M), 92.4HRMS (ES) m/zc a | ¢ 6 ehiH4FsN4@; (M-HJ 281.0292, found: 281.0339

5-methoxy-N-(perfluorophenyl)-[1,2,5]oxadiazolo[3,4b]pyridin -6-amine (3.7m) Synthesized
by general procade4.5to yield 3.7m56% as a white solidH NMR (400 MHz, Acetonals) U
8.08 (s, 1H), 6.91 (t, J = 1.9 Hz, 1H), 4.25 (s, 35;NMR (376 MHz, Acetonels) -146.73i
-147.35 (2F, m);159.77 (1F, t, J = 21.1 HZ)164.22i -164.44 (2F, m)*3C NMR (1% MHz,
Acetoneds) U 160 . 8 144.6(f), 144.0, 1424408 (m), 140.5 138.0 (m), 136.7,
115.17 114.7 (m), 96.0 (d, J = 1.8 Hz), 56BBRMS (ESI) m/ z ¢ @udHas6l4D2 (M-F)o r

331.0260, found: 331.0256

CF;

6-((perfluorophenyl)amino)-[1,2,5]oxadiazolo[3,4b]pyridin -5-0l  (3.8m) Synthesized by

general procedur 6to yield3.8m73% as a white solidH NMR (400 MHz, Acetonals) U 11 .

(s, 1H), 8.00 (s, 1H), 6.68 (t, J = 1.9 Hz, 1E NMR (376 MHz, Acetneds) -1#6.68i -

146.98 (2F, m);159.91 (1F, t, J = 20.9 Hz)164.28i -164.77 (2F, m)}3C NMR (126 MHz,
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Acetoneds) U 159. 0 143.34(8), B12.6, M2iF 402 (m), 139.9, 140i3138.0 (M),
115.5i 114.7 (m), 92.9 92.9 (M);:HRMS (ES) m/zc a | ¢ 6 giH2FsN4@z (M-HJ 317.0103,

found 317.0093.

5-methoxy-N-(2-(trifluoromethyl)phenyl) -[1,2,5]oxadiazolo[3,4b]pyridin -6-amine

(3.7n) Synthesized by general proceddtb to yield 3.7n18% as an amber $o! *H NMR (400

MHz, Acetoneds) U i 7.779n, 4H), 7.67 (s, 1H), 7.637.48 (m, 1H), 6.79 (s, 1H), 4.27 (s,

3H); 1% NMR (376 MHz, Acetonals) -61.72;33C NMR (126 MHz, Acetonels) U 161 . 0, 15
144.1, 137.9 (d, J = 4.4 Hz), 134.9, 129.0, 128.2 (d, J = 6.3 Hz), 127.8, 126.6 R2.4 Hz),

124.8 (q, J = 273.0 Hz), 94.3, 56.4; HRMS (F81/zc a | ¢ 0 eHsFaN.@z (M-H} 309.0605,

found 309.0597.

6-((2-(trifluoromethyl)phenyl)amino) -[1,2,5]oxadiazolo[3,4b]pyridin -5-ol (3.8n) Synthesized
by general proceduré.6 to yield 3.8n 70% as a beige solidH NMR (500 MHz, Acetonals) U
11.93 (s, 1H), 7.90 7.79 (m, 4H), 7.49 (t, J = 7.5 Hz, 1H), 6.89 (s, 1HF;, NMR (376 MHz,

Acetoneds) -61.86;23C NMR (126 MHz, Acetonals) & 159 . 78, 1395 B7.86(g, J 14 2 .
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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 (g, J = 29.8

Hz), 91.3;HRMS (ES!) m/zc a | ¢ 6CehHeFsN4@z (M-H) 295.0448, foun@95.0444.

5-methoxy-N-(3-(trifluoromethyl)phenyl) -[1,2,5]oxadiazolo[3,4b]pyridin -6-amine

(3.70 Synthesized by general procedd:& to yield 3.7078% as a white solidH NMR (500

MHz, Acetoneds) U 8. 35 (799 (m,11H))7,76 (2, 1t8,%F.68 (t, J = 7.9 Hz, 1H), 7.51

(d, 1H), 7.36 (s, 1H), 4.21 (s, 3H’F NMR (376 MHz, Acetonals) -GB.34;C NMR (126

MHz, Acetoneds) a 161. 4, 154. 9, 144. 1, 141. 3, 136. 0,
1.7 Hz), 125.0 (q, J = 271.2 Hz), 121.6 (g, J = 4.1 Hz), 119.7Xad.3 Hz), 94.5, 56.2IRMS

(ESI)m/zc a | ¢ &CasH10FN4@x(M+H)™ 311.0750, found 311.0749.

6-((3-(trifluoromethyl)phenyl)amino) -[1,2,5]oxadiazolo[3,4b]pyridin -5-0l (3.80)Synthesized

by general procedur6to yied 3.8030% as a yellow solidH NMR (400 MHz, Acetonals) U

11.79 (s, 1H), 8.36 (s, 1H), 7.88.82 (m, 3H), 7.72 (t, J = 7.9 Hz, 1H), 758.50 (m, 1H), 7.21

(s, 1H);*F NMR (376 MHz, Acetonals) -8B.31 (s, 3F)3C NMR (126 MHz, Acetonals) i

1596, 148.7, 142.9, 141.2, 138.7, 132.2J&,32.3 Hz), 131.4, 12611126.0 (m), 125.0 (¢] =

272.3 Hz), 121.4 (t) = 4.3 Hz), 119.5 (g = 4.2 Hz), 91.20HRMS (ESl) m/zc al c6d. f o

C12HsF3N4O2 (M-H) 295.0448, found 295.0446.
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5-methoxy-N-(4-(trifluoromethyl)phenyl) -[1,2,5]oxadiazolo[3,4b]pyridin -6-amine

(3.7p) Synthesized by general proceddts to yield3.7p59% as a yellow solidH NMR (500
MHz, Acetoneds) U T 8.374rfd, 1H), 7.78 7.73 (m, 2H), 7.71 7.65 (m, 2H), 7.53 (dd, J =
6.0, 2.9 Hz, 1H), 4.211 4.18 (m, 3H):1% NMR (376 MHz, Acetonels) -62.52;

13C NMR (126 MHz, Acetonels) G 161.4 (d, J = 2.3 Hz),
135.3, 127.6 (q, J = 4.4 Hz), 126.1 (q, J = 270.2 Hz),61@%.J = 32.6 Hz), 122.1, 95.7, 56.2;

HRMS (ESHmizc a | ¢ 6 gsH10FsN4®x(M+8)* 311.0750, found 311.0749.

6-((4-(trifluoromethyl)phenyl)amino) -[1,2,5]oxadiazolo[3,4b]pyridin -5-0l (3.8p) Synthesized
by general proadure4.6to yield 3.8p 75% as a yellow solidH NMR (400 MHz, Acetonals) U
11.84 (s, 1H), 8.39 (s, 1H), 7.827.71 (m, 4H), 7.36 (dJ = 3.7 Hz, 1H);*F NMR (376 MHz,
Acetoneds) -82.50 (s, 3F*3C NMR (126 MHz, Acetonels) U 159. 65, 143.
127.6 (q), 125.6 (d] = 32.4 Hz), 125.4 (dJ = 270.6 Hz), 128, 121.8, 92.4HRMS (ESI) m/z

c al c &CebHsFN4@, (M-H) 295.0448, found 295.0456.
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N-(2-fluoro -3-(trifluoromethyl)phenyl) -5-methoxy-[1,2,5]oxadiazolo[3,4b]pyridin -6-amine

(3.70) Synthesized by general proceddtsto yield 3.7q73% as a yellow sa. *H NMR (500

MHz, Acetoneds) U 8. 06 (790 (m,11H))7.70 B.60Qnd, 1H), 7.52 (t, J = 7.9, 1H),

7.02 (d, J = 2.0 Hz, 1H), 4.24 (s, 3 NMR (376 MHz, Acetonals) -61.80 (d,J = 13.0 Hz),

-125.50i -125.67 (m)13C NMR (126 MHz, Acetonels) U 16 1. 1 ,dq1158356.822 154 . 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), 120.319.4 (m), 95.2 (d, J = 2.7 Hz), 56BRMS (ESI)

m/zc a | ¢ &CgHoFsN4@, (M+H)* 329.066, found 329.0657.

6-((2-fluoro-3-(trifluoromethyl)phenyl)amino) -[1,2,5]oxadiazolo[3,4b]pyridin -5-0l  (3.89)

Synthesized by general proceddré to yield 3.8q50% as a white solidH NMR (500 MHz,

Acetoneds) U  k,11H)88109 (6, 1H), 8.01 (1,= 8.8, 7.6, 1.6 Hz, 1H), 7.62 @= 7.1, 6.3,

1.5 Hz, 1H), 7.53 (t) = 8.0, 1.0 Hz, 1H), 6.94 (d,= 1.5 Hz, 1H)1°%F NMR (376 MHz, Acetone

ds) -61.80 (d, J =13.0 Hz, 3F127.06 (qt, J = 13.0, 6.9 Hz 1EJC NMR (126 MHz, Acetone

d) U 159.5, 153.5 (d, J = 256.3 Hz), 148.7, 1:¢
= 5.0 Hz), 124.0 123.7 (m), 123.6 (d, J = 271.8 Hz), 119.919.4 (m), 92.0 (d, J = 2.6 Hz);

HRMS (ES1) m/zc a | ¢ &CgHsF4N4@ (M-H) 313.0354, found 313.0364.

N-(2-fluoro -4-(trifluoromethyl)phenyl) -5-methoxy-[1,2,5]oxadiazolo[3,4b]pyridin -6-amine

(3.7r) Synthesized by general proceddrgto yield 3.7r 57% as a tan solidH NMR (500 MHz,
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Acetoreds)i 8. 10 ( 67.79 (mHLH), 7.78 7.680%m, 2H), 7.23 (d, J = 2.2 Hz, 1H), 4.24

(s, 3H):%F NMR (376 MHz, Acetonels) -62.77 (3F);121.02 -121.12 (1F, m)*3C NMR (126

MHz, Acetoneds) U 155.9 (d, J = 249. 3JHRPHz),1286(,1, 14
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 (dqg, J = 23.5, 4.2 Hz), 96.8 (d, J = 3.0 Hz), BIRBAS (ES1) m/zc a | c 6 d . f o

C13H7FaN4O2 (M-H) 327.0511, foud 327.0536

6-((2-fluoro-4-(trifluoromethyl)phenyl)amino) -[1,2,5]oxadiazolo[3,4b]pyridin -5-0l  (3.8r)
Synthesized by general procedyé to yield 3.8r 65% as a tan solidH NMR (500 MHz,
Acetoneds) 1i11.97 (s, 1H), 7.9¢, J= 8.2 Hz, 1H), 7.7% 7.65 (m, 2H), 7.19 (d] = 1.5 Hz, 1H);
19 NMR (376 MHz, Acetonels) -62.73 (3F)-123.55i -123.65 (m, 1F)3C NMR (126 MHz,
Acetoneds) 1%99.6, 155.3 (d) = 248.4 Hz), 148.7, 142.7, 137.7, 131.9J¢; 12.7 Hz), 124.9
(dg,J = 271.1, 3.5 Hz), 124.2 (d,= 2.4 Hz), 123.2 (pJ = 4.3 Hz), 114.8 114.4 (m), 93.5 (d]

= 2.6 Hz);HRMS (ESl) m/zc a | ¢ &CabHsFaN4@p (M-H) 313.0354, found 313.0349.

CF3|
O/N /N\
I Ly
N~ XN
F H

N-(2-fluoro-5-(trifluoromethyl)phenyl) -5-methoxy-[1,2,5]oxadiazolo[3,4b]pyridin -6-amine
(3.79 Synthesized by general proceddtBto yield 3.7s62% as an amber solitH NMR (400
MHz, Acetoneds) i 8. 09 ( $ 7.93 (mHQH), 7.74.78B(m, 1H), 7.61 7.54 (m, 1H),

6.97 (d, J = 2.7 Hz, 1H), 4.25 (s, 3HF NMR (376 MHz, Acetonls) -62.63,-115.67i -115.81
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(m); 3C NMR (126 MHz, Acetonels) U 161. 1, 159.2 (dd41,1863 254 .
128.6 (d, J = 13.1 Hz), 128.0 (qd, J = 33.2, 4.0 Hz), 128.34.9 (M), 124.6 (g, 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),13RI@S (ESYm/zc a | c 6 d .

for C13H7F4N4O2 (M-H) 327.0511, foun®27.G05

CF,
HO__N.__N
— /O
N N
£ H

6-((2-fluoro-5-(trifluoromethyl)phenyl)amino) -[1,2,5]oxadiazolo[3,4b]pyridin -5-0l  (3.89
Synthesized by general proceddré to yield 3.8s65% as a yellow soliddH NMR (500 MHz,
Acetonedg)i 1 1. 85 ( siH), 299)dd, J87.3123 Hg, §H), 7i7Z.63 (m, 1H), 7.60

i 7.53 (M, 1H), 6.89 (d, J = 2.2 Hz, 1HJE NMR (376 MHz, Acetonals) -62.58 (3F);117.41i

-117.53 (m, 1F)%C NMR (126 MHz, Acetonels) & 159. 4, 158.4 (d, J =
138.7, 128.7 (d, J = 12.8 Hz), 127.8 (dqg, J = 33.2, 3.7 Hz), 124.7 (d, J = 270.9 Hz), 124.6 (dg, 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 = 312RMSE (ESI)

m/zc a | ¢ 6CebHsFsN4@, (M-H) 313.0354, foun®13.0314.

N-(2-fluoro-6-(trifluoromethyl)phenyh5-methoxy[1,2,5]oxadiazolo[3,4h]pyridin-6-amine

(3.71) Synthesized by general proceddts to yield 3.7t 48% as a yellow solid*H NMR (500
MHz, Acetoneds) U 1 7.683(rh, 4H), 6.49 (d, J = 2.3 Hz, 1H), 4.27 (s, 3¥9;NMR (376
MHz, Acetoneds) -61.59,-117.947 -118.03 (M**C NMR (126 MHz, Acetonals) & 160. 8,
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160.3(d, J = 251.4 HZ), 154.9, 144.1, 138(d, J = 1.7 H2, 131.5i 130.6 (m), 130.9d,J = 9.2
Hz), 125.4(dd,J = 16.4, 2.5 Hz), 124.0yd,J = 272.9, 4.2 Hz), 124.0123.8(m), 122.17 (d) =
21.0 Hz), 94.6d, J= 1.8 Hz), 56.4HRMS (ESt)m/zc a | ¢ 6 eHoFsN4@» (M+H)* 329.0656,

found 329.0650.

6-((2-fluoro-6-(trifluoromethyl)phenyl)aming]1,2,5]oxadiazolo[3,4]pyridin-5-ol (3.89)
Synthesized by general proceddré to yield 3.8t as a white solid 68%4H NMR (400 MHz,
Acetoneds) U 11. 87 1i(767 (m,15H)) 6.33 B.317(1®, 1H)°F NMR (376 MHz,
Acetoneds) -61.73,-117.197 -117.26 (m):33C NMR (126 MHz, Acetonels) U (989 .
252.0 Hz), 159.2, 148.8, 142.7, 140.6, 130.4) = 8.9 Hz), 130.4d, J = 304 Hz),125.4(d, J =
15.9 Hz), 124.1dd, J = 273.0, 3.9Hz), 124.0 123.6 (m), 122.2d, J = 20.5 Hz), 91.6HRMS

(ESHm/zc a | ¢ 6CaHsFaN4@z (M-H)  313.0354, foun®@13.0351

CF;

N-(3-fluoro-4-(trifluoromethyl)phenyl) -5-methoxy-[1,2,5]oxadiazolo[3,4b]pyridin -6-amine
(3.7U) Synthesized by general proceddt to yield 3.7u58% as an offvhite solid.'H NMR
(500 MHz, Acetonelg) i 8 . 55 ( $7.71 (mH2H), 7.58 7.269m, 2H), 4.20 (s, 3H)F

NMR (376 MHz, Acetones) -61.08 (d, J = 12.3 Hz)114.52i -114.69 (m)3C NMR (126 MHz,
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Acetoneds) U 161.4, 161.3 (dd, J = 252.8,13%05 7

129.3i 129.1 (m), 125.0 (g, J = 270.1 Hz), 116.8 (d, J = 3.6 Hz), 113118 (m), 109.0 (d, J =
24.5 Hz), 98.4, 56.2HRMS (ESt) m/zc a | ¢ 0 @1sHeFaR40or (M+H)* 329.0656, found

329.0650.

CF;

6-((3-fluoro-4-(tr ifluoromethyl)phenyl)amino)-[1,2,5]oxadiazolo[3,4b]pyridin -5-0l  (3.8u)
Synthesized by general proceddréto yield3.8u89% as an offvhite solid.*H NMR (400 MHz,
Acetoneds) 11.83 (s, 1H), 8.50 (s, 1H), 7.807.74 (m, 1H), 7.61 7.54 (m, 2H), 7.525 1H);°F
NMR (376 MHz, Acetonals) -61.10 (d, J = 12.1 Hz)114.58i -114.74 (m)3C NMR (126 MHz,
Acetonedsg) U 161.2 (dg, J = 252.7, 2.5 Hz),
129.371 128.9 (m), 123.9 (q, J = 269.5 Hz), 116.7 (d, J = 3.4 Hz), 11810.9 (m), 109.1 (d, J =

24.6 Hz), 94.6HRMS (ESl) m/zc a | ¢ 6CabHsFaN4@; (M-H)  313.054, found313.0349

N-(3-fluoro-5-(trifluoromethyl)phenyl) -5-methoxy-[1,2,5]oxadiazolo[3,4b]pyridin -6-amine
(3.7V) Synthesized by general proceddrgto yield3.7v64% as a tan solidd NMR (400 MHz,

Acetoneds) 8.48 €, 1H), 7.65 7.59 (m, 3H), 7.29 7.24 (m, 1H), 4.21 (s, 3HI*F NMR (376
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MHz, Acetoneds) -63.57 (3F, s);110.07i -110.15 (1F, m)*3C NMR (126 MHz, Acetonel)

8 164.1 (d, J = 246.6 Hz), 161.3, 155.0, 144.
10.0 Hz), 124.3 (qd, J = 271.3, 4.0 Hz), 115.1 (p, J = 4.1 Hz), 112.4 (.4 H2), 108.3 (dq, J

= 25.4, 4.2 Hz), 96.8, 56.2RMS (ESI) m/zc a | ¢ 6QdsH:FaM4@2(M-H) 327.0511, found

327.0506

6-((3-fluoro-5-(trifluoromethyl)phenyl)amino) -[1,2,5]oxadiazolo[3,4b]pyridin -5-0l  (3.8V)

Synthesiezd by general procedu6 to yield 3.8v 52% as a tan solidH NMR (500 MHz,

Acetoneds) 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, 1M NMR (376 MHz, Acetonels) -63.52,-110.06 (dd,

J=10.3, 8.6 Hz}*3C NMR (126 MHz, Acetonale) i 164. 1 (d, J = 246.6 Hz
(d, J = 11.2 Hz), 142.7, 137.9, 133.6 (dg, 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) HRMS (ESl)m/zc a | c 6 d .

for C12Hs5F4N4O2 (M-H) 313.0354, foun®13.0404

N-(3-fluoro-2-(trifluoromethyl)phenyl) -5-methoxy-[1,2,5]oxadiazolo[3,4b]pyridin -6-amine
(3.7w) Synthesized by general proceddt&to yield 3.7w 40% as a white solidH NMR (500
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MHz, Acetoneds) 7.94 (s, 1H), 7.88 7.82 (m, 1H), 7.62 (d, J = 8.1, 1H), 7.47.35 (m, 1H),

6.92 (s, 1H), 4.27 (s, 3H}°F NMR (376 MHz, Acetonel) -56.60 (d, J = 24.5 Hz)112.19i -

112.49 (M)23C NMR (126 MHz, Acetonels) 16(.8 (dg, J = 256.3, 2.0 Hz), 161.0, 154.9, 144.0,

139.77 139.5 (m), 137.7, 135.9 (d, J = 11.5 Hz), 125.0 (d, J = 3.8 Hz), 123.9 (dg, J = 273.7, 1.9

Hz), 115.8 (d, J = 22.8 Hz), 114.5 (qd, J = 30.2, 11.2 Hz), 94.9,13BMIS (ES)m/zc al c 6d. f o

C13H7FaN4O2 (M-H) 327.0511, found 327.0506

6-((3-fluoro-2-(trifluoromethyl)phenyl)amino) -[1,2,5]oxadiazolo[3,4b]pyridin -5-0l  (3.8w)
Synthesized by general proceddré to yield 3.8w 57% as a white solidH NMR (500 MHz,
Acetoneds) 11.83 (s, 1H), 8.07 (s, 1H), 7.94.81 (m, 1H), 7.74 7.64 (m, 1H), 7.40 7.27 (m,
1H), 7.03i 6.91 (m, 1H):*F NMR (376 MHz, Acetonels) -56.37 (d,J = 25.9 Hz),-112.45i -
112.77 (M)3C NMR (126 MHz, Acetonals) U 1L 1B@6 (8), 159.6, 148.6, 142.7, 139.6,
135.8(d, J = 11.8Hz), 125.2 122.6 (m), 123.4d, J = 3.9 Hz), 114.9d, J = 22.8 Hz), 114.8d,
J=23.5 Hz), 113.¢dd, J = 30.3, 11.7 Hz)91.9 HRMS (ESl) m/zc a | ¢ 6CabHsFaN4@; (M-

H) 313.03%, found313.0343
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N-(4-fluoro -2-(trifluoromethyl)phenyl) -5-methoxy-[1,2,5]oxadiazolo[3,4b]pyridin -6-amine

(3.7%) Synthesized by general proceddts to yield 3.7x 35% as a white solidH NMR (500
MHz, Acetoneds) 7.81(dd, J = 8.9, 4.9 Hz, 1H), 7.747.66 (m, 2H), 7.63 (td, J = 8.4, 3.1 Hz,
1H), 6.65 (s, 1H), 4.25 (s, 3HF NMR (376 MHz, Acetonels) -62.25,-114.02i -114.09 (m);

13C NMR (126 MHz, Acetonels) 16i1.5 (d, J = 247.2 Hz), 161.0, 154.8, 144.1, 138.8, 134.2 (d,
J = 3.3 Hz), 133.3 132.8 (m), 130.0 129.6 (m), 123.8 (qddd, J = 271.9, 2.4 Hz), 121.9 (d, J =
23.0 Hz), 115.9 115.4 (m), 94.2, 56.34RMS (ES) m/zc a | ¢ 6Q@isHoF4K@2r(M+H)*

3290656, found 329.0643.

6-((4-fluoro-2-(trifluoromethyl)phenyl)amino) -[1,2,5]oxadiazolo[3,4b]pyridin -5-0l  (3.8X)
Synthesized by general proced#® to yield 3.8x 73% as a tan solidH NMR (500 MHz,
Acetoneds) 11.88 (s1H), 7.88i 7.81 (m, 1H), 7.77 (s, 1H), 7.707.58 (m, 2H), 6.69 (s, 1HY’F

NMR (376 MHz, Acetonals) -62.40,-115.17 -115.27 (m):3C NMR (126 MHz, Acetonels) i
160.7 (d, J = 246.3 Hz), 159.5, 148.6, 142.8, 140.6, 13%32.1 (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), 91.0HRMS (ESI) m/zc a | ¢ 6CabHsFaN4@; (M-H) 313.0354, foun®13.0353

94



N-(5-fluoro-2-(trifluoromethyl)phenyl) -5-methoxy-[1,2,5]oxadiazolo[3,4b]pyridin -6-amine
(3.7y) Synthesized by general procedd:s to yield 3.7y 37% as a beige solidd NMR (500
MHz, Acetoneds) 7.951 7.91 (m, 1H), 7.70 7.62 (m, 2H), 7.33 7.26 (m, 1H), 7.12 (s, 1H),
4.26 (s, 3H)°F NMR (376 MHz, Acetonals) -61.17,-106.121 -106.25 (m);}3C NMR (126
MHz, Acetoneds) 166.3 (d, J = 251.4 Hz), 161.0, 155.0, 144.0, 140.80.5 (m), 136.9, 130.6
(h, 3 =5.6 Hz), 124.6 (dd, J = 1022.7, 272.1 Hz), 122.1 (dd, J = 30.5, 4.0 Hz)i 113.46 (m),
114.2 (d, J = 22.9 Hz), 96.4, 5613RMS (ESI) m/zc a | ¢ 8CeHoFN4@; (M+H)* 329.0656,

found 329.0643.

6-((5-fluoro-2-(trifluoromethyl)phenyl)amino) -[1,2,5]oxadiazolo[3,4b]pyridin -5-0l  (3.8y)
Synthesized by general proceddré to yield 3.8y 38% as a beige solidHd NMR (500 MHz,
Acetoneds) 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=8.4,2.5Hz, 1H), 7.22 (s, 1HJE NMR (376 MHz, Acetonls) -61.40,-106.00i -106.09 (m);

13C NMR (126 MHz, Acetonals) 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 (g, J = 271.7 Hz), 1201®.8 (m), 113.0 (d, J = 22.7
Hz), 112.7 (d, J = 25.4 Hz), 93.HRMS (ESI) m/zc a | ¢ 6QdHsFsN402 (M-H) 313.033},

found313.0351
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5-methoxy-N-(2-(trifluoromethoxy)phenyl) -[1,2,5]oxadiazolo[3,4b]pyridin -6-amine

(3.72 Synthesized by general proceddrdto yield 3.7z233% as a tan solidH NMR (400 MHz,
Acetoneds) U 7 . 87677i(7§1 (m,11HY))7.56 7.49 (m, 2H), 7.46 7.38 (m, 1H), 6.95 (s,
1H), 4.25 (s, 3H)F NMR (376 MHz, Acetonas) -58.54;°C NMR (126 MHz, Acetongls) U
161.2, 154.9, 144.1, 143i6143.5 (m), 136.6, 132.6, 129.3, 127.8, 127.1, 123.2, 1214 4q,
257.0 Hz), 94.4, 56.3HRMS (ESI) m/zc a | ¢ 6 @sHgFsN403r (M-H) 325.0554 found

325.0557.

6-((2-(trifluoromethoxy)phenyl)amino)-[1,2,5]oxadiazolo[3,4b]pyridin -5-0l

(3.82 Synthesized by general procedudré to yield 3.8260% as a beige solidH NMR (500

MHz, Acetoneds) 0 11. 91 (s, 1H), 7.98 (s, iI49)(m, 7. 81
2H), 7.42i 7.31 (m, 1H), 7.00 (s, 1H}®F NMR (376 MHz, Acetonels) -58.68;13C NMR (126

MHz, Acetoneds) U .7,148%, 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 (g, J = 256.1 Hz), 9HRMS (ESI) m/zc a | ¢ 0 dHeFaMa@sr C

(M-H) 311.0397, foun®11.0397
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OCF;

5-methoxy-N-(3-(tri fluoromethoxy)phenyl)-[1,2,5]oxadiazolo[3,4b]pyridin -6-amine

(3.7a9 Synthesized by general proceddtbto yield 3.7aa72% as a white solidH NMR (500

MHz, Acetoneds) U 8. 34 1(752 (m,2H))7,43 (dql =623, 1.2 Hz, 1H), 7.41 7.36

(m, 1H), 7.17i 7.10 (m, 1H), 4.21 (s, 3HY*F NMR (376 MHz, Acetonals) -58.54;3C NMR

(126 MHz, Acetonads) U 16 1. 3, JEB3.9HZzB144.1, 540.1, 135.8, §31.9, 121.4 (q,
J=255.9 Hz), 121.3, 121.2, 117.2, 115.4J¢; 13.4 Hz), 94.6,6.1;HRMS (ESN) m/zc a |l c 6 d .

for Ci3H10FsN4Oz (M+H)™ 327.0700, found 327.0701.

OCF,

6-((3-(trifluoromethoxy)phenyl)amino) -[1,2,5]oxadiazolo[3,4b]pyridin -5-0l (3.8a9
Synthesized by general procedudré to yield 3.8aa60% as an offvhite solid.*H NMR (500
MHz, Acetoneds) o 11. 77 (s, 1IWJH4(m,BH), 3.49 (d¢, 352.0109Hz, 1HJ,. 6 5
7.21 (s, 1H), 7.17 7.09 (m, 1H)%F NMR (376 MHz, Acetonels) -88.53 (s, 3F)*C NMR
(126 MHz, Acetoneds) U 159.6, 150.7 (d, J 51329 214H@m), 14
J = 255.9 Hz), 121.0, 117.1, 115.3, 9IHRMS (ESI) m/zc a | ¢ 6 cizHeFsM40sr(M-H)"

311.0397, found 311.0407.
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OCF,4

5-methoxy-N-(4-(trifluoromethoxy)phenyl) -[1,2,5]oxadiazolo[3,4b]pyridin -6-amine (3.7ab
Synthesized by general proceddtd to yield 3.7ab83% as a yellow solidH NMR (500 MHz,
Acetoneds) U 8. 26 (757 (m12H)) 7.45 7.40€m, 2H), 7.28 (s, 1H), 4.21 (s, 3H);
1%F NMR (376 MHz, Acetonals) -58.85;1C NMR (126 MHz, Acetonals) U 16 1. 4, 154.
(d,J = 2.4 Hz), 144.2, 139.4, 136.5, 124.9, 123.3, 12,4 = 254.7 Hz),93.6, 56.1 HRMS

(ESF)m/zc al ¢ 6 gH10FsN4O4(M+E)* 327.0700, found 327.0701.

OCF,4

6-((4-(trifluoromethoxy)phenyl)amino)-[1,2,5]oxadiazolo[3,4b]pyridin -5-0l (3.8ab
Synthesized by general proceddt6 to yield 3.8ab 98% as a yellow solidH NMR (500 MHz,
Acetoneds) U 11.77 (s, 1HAPL(MEH),Z28 .33 (m, 2HHTF.11 (s;71H)7 O
19 NMR (376 MHz, Acetonels) -58.84:3C NMR (126 MHz, Acetonels) & 159. 7, 148.
(9,J=2.2 Hz), 143.0, 139.3, 138.924.4, 123.2, 121.5 (= 255.2 Hz)90.4;HRMS (ESt) m/z

c al c 0 ebHsFN4@s (M+H)™ 313.0543, found 313.0543
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OCF;

N-(2-fluoro-3-(trifluoromethoxy)phenyl) -5-methoxy-[1,2,5]oxadiazolo[3,4b]pyridin -6-

amine (3.7aQ Synthesized by general proceddrgto yield 3.7ac76% as a white solidH NMR

(500 MHz, Acetoneds) 8.09 (s, 1H), 7.71 7.64 (m, 1H), 7.45 7.39 (m, 2H), 7.00 (d, J = 2.3 Hz,

1H), 4.24 (s, 3H)'%F NMR (376 MHz, Acetonels) -59.61 (d, J = 4.9 Hz)138.41i -138.74 (m);

13C NMR (126 MHz, Acetonels) 161.1, 155.0, 149.6 (d, J = 253.2 Hz), 144.1, 188138.0

(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), 56.3RMS (ESt) m/zc a | ¢ 8CdsHoFsN.@z (M+H)* 345.0605 found

345.0600

@F
OCF,

6-((2-fluoro-3-(trifluoromethoxy)phenyl)amino) -[1,2,5]oxadiazolo[3,4b]pyridin -5-ol (3.8a9
Synthesized by general proceddré to yield 3.8ac42% as a white solidH NMR (500 MHz,
Acetoneds) 11.89 (s, 1H), 80 (s, 1H), 7.77 7.72 (m, 1H), 7.48 7.36 (m, 2H), 6.94 (d, J = 1.7
Hz, 1H);'%F NMR (376 MHz, Acetonels) -59.60 (d, J = 4.9 Hz, 3F140.28i -140.35 (m, 1F);
13C NMR (126 MHz, Acetonals) U 1 5 9(d, 35 25215419), 1@8.7, 142,8387, 138.1i
137.8 (m), 129.8d, J= 9.8 Hz), 126.qd, J= 5.5 Hz), 124.5, 121.4y, J = 259.1 Hz), 120.6, 92.0

(d,J=2.7 Hz): HRMS (ES) m/zc a | ¢ 6 @HsFiNaQs (ME1)" 329.0303, found 329.0340
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OCF,

N-(2-fluoro-4-(trifluoromethoxy)phenyl) -5-methoxy-[1,2,5]oxadiazolo[3,4b]pyridin -6-

amine (3.7ad Synthesized by general proceddrs to yield 3.7ad 79% as a yellow solidtH

NMR (500 MHz, Acetonels) 8.00 (s, 1H), 7.74 (t] = 8.8 Hz, 1H), 7.46 7.38 (m, 1H), 7.36

7.30 (m, 1H), 6.92 (d, J = 2.2 Hz, 1H), 4.24 (s, 38;NMR (376 MHz, Acetonls) -59.00 (s,
3F),-117.67i -117.83(m, 1F);*C NMR (126 MHz, Acetonels) 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, 015, 93.7 (d, J = 2.8 Hz), 55 BRMS (ES) m/zc a | ¢ &CehHoFaN4@s r

(M+H)* 345.0605 found345.0605

OCF,

6-((2-fluoro-4-(trifluoromethoxy)phenyl)amino) -[1,2,5]oxadiazolo[3,4b]pyridin -5-ol (3.8ad
Synthesized by general proceddré to yield 3.8ad93% as a beige solidH NMR (400 MHz,
Acetoneds) 11.86 (s, 1H), ®0 (s, 1H), 7.83 7.76 (m, 1H), 7.4% 7.40 (m, 1H), 7.36 7.30 (m,
1H), 6.85 (d, J = 1.8 Hz, 1H%F NMR (376 MHz, Acetonels) -59.03 (s, 3F);119.41i -119.66
(m, 1F);13C NMR (126 MHz, Acetonals) 159.61 159.2 (m), 156.9 (dd, J = 250.4, 10.9 Hz),

148.6 (d, J = 14.7 Hz), 147i1146.2 (m), 142.8, 138.9 (d, J = 18.7 Hz), 127126.9 (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

1 91.2 (m); HRMS (ES) m/zc a | ¢ 0 @HsF:NaQs (MEH) 329.0303, found 329.0311

F4CO

N-(2-fluoro-5-(trifluoromethoxy)phenyl) -5-methoxy-[1,2,5]oxadiazolo[3,4b]pyridin -6-

amine (3.7a Synthesized by general proceddrBto yield 3.7ae45% as a beige solid NMR

(500 MHz, Acetonels) 8.06 (s, 1H), 7.61 (dd, J = 6.6, 3.0 Hz, 1H), 7.47 (t, J = 10.3, 9.1 Hz, 1H),
7.347 7.28 (m, 1H), 7.02 (d, J = 2.5 Hz, 1H), 4.24 (s, 3895; NMR (376 MHz, Acetonels) -
59.07 (s, 3F);123.11i -123.19 (m, 1F)3C NMR (126 MHz, Acetonels) 16i1.1, 155.6 (d, J =
247.9 Hz), 155.0, 146i1145.7 (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)HFB\ES (ESH) m/z

c al ¢ 6CHHoFN4@s (M+H)* 345.0605 found345.0599

F,CO

6-((2-fluoro-5-(trifluoromethoxy)phenyl)amino) -[1,2,5]oxadiazolo[3,4b]pyridin -5-ol (3.8a¢
Synthesized by general proceddré to yield 3.8ae60% as aeige solidH NMR (500 MHz,
Acetoneds) 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), 7.30i 7.24 (m, 1H), 6.96 (d, J = 2.0 Hz, 1HJE NMR (376 MHz, Acetonels) -59.04 (1F,
s),-125.15i -125.24 (3F, m)*3C NMR (126 MHz, Acetonels) 1%9.5, 154.9 (d, J = 247.1 Hz),
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148.7, 146.1 145.9 (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 {E8izcalcd for GaHsFaN4Os (M-H)"

329.0303, found 329.0303

N-(4-fluoro -2-(trifluoromethoxy)phenyl) -5-methoxy-[1,2,5]oxadiazolo[3,4b]pyridin -6-

amine (3.7af) Synthesized by general proceddrgto yield3.7af37% as a white solidH NMR

(500 MHz, Acetoe-ds) U 7.89 (s, 1H), 7. 76730 @@dlH),239= 9. 0,
7.33 (m, 1H), 6.79 (s, 1H), 4.24 (s, 3t NMR (376 MHz, Acetonels) -58.69 (s,3F);113.53

i -113.60 (M,1F)C NMR (126 MHz, Acetonals) U (8,8 % 242.Hz), 161.1154.9, 145.0

i 144.7 (m), 144.1, 137.4, 129.9 (d, J = 9.9 Hz), 128,9 = 4.3Hz), 121.2(q, J = 257.9 Hz),

116.3 (d, J = 22.6 Hz), 111(dd, J = 26.7, 1.8 Hz), 94.0, 56.BIRMS (ESl) m/zc al cdd. f o

C13H7F4N4O3 (M-H) 343.0460 found377.0458

/N\ N\ OH
N NH
F3CO

6-((4-fluoro-2-(trifluoromethoxy)phenyl)amino) -[1,2,5]oxadiazolo[3,4b]pyridin -5-ol (3.8af)
Synthesized by general proceddtéto yield 3.8af64% as a yellow solidH NMR (500 MHz,

Acetoneds) U 11.87 (s, 1H), 7.90 (s, 1H), 7.80 (dc
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1.4 Hz, 1H), 7.39 7.32 (m, 1H), 6.79 (s, 1HY°F NMR (376 MHz, Acetonals) -58.84,-114.51
i -114.59 (M)13C NMR (126 MHz, Acetonals) U (H,6)& 247.6 Hy 1595, 148.6, 143.6

(dg, J=11.7, 2.0 Hz), 142.8, 139.4, 129.1 (d, J = 4.1 Hz), 1@I7.9= 9.8 Hz)121.3 (g, J = 257.9

Hz), 116.2(d, J = 22.5 Hz), 111.(dd, J = 26.8, 1.9 Hz), 90.8IRMS (ESH m/izc a | ¢ 6 d

C12HsFaN4O3 (M-H) 329.0303, foun®29.0303

N-(5-fluoro-2-(trifluoromethoxy)phenyl) -5-methoxy-[1,2,5]oxadiazolo[3,4b]pyridin -6-
amine (3.7ag Synthesized by general proceddrdto yield 3.7ag57% as an offwhite solid.*H
NMR (400 MHz, Acetonals) T 7 . 8 9 (749 (m12H)) 7.23 .. 18)47.197.11 (m,
1H), 4.25 (s, 3H)!°F NMR (376 MHz, Acetonals) -59.03,-113.04i -113.34 (m);*C NMR
(126 MHz, Acetonals) U (4,6 22423 Hz) 160.3, 154.1, 143.1, 138@, J = 2.5, 1.7 Hz),

134.8, 133.9d, J = 11.3 Hz), 124.2d, J = 10.2 Hz), 120.5q, J = 257.4 Hz),112.6(d, J = 23.9

Hz), 111.8(d, J = 26.3 Hz), 95.7, 555 HRMS ( ES| +) mHoFaN4sOg @FH'6 d .

345.0605, found 345.0618.

6-((5-fluoro-2-(trifluoromethoxy)phenyl)amino) -[1,2,5]oxadiazolo[3,4b]pyridin -5-ol (3.8a9

Synthesized by general proceddré to yield 3.8ag70% as an offwhite solid.*H NMR (400

or

f

MHz, Acetoneds) U4 11. 99 (s, 1 RA64,(m, 8H),7.60 765 (m, 1H)HN27 (s,7 . 6 7
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1H), 7.147 7.08 (m, 1H):3*F NMR (376 MHz, Acetonas) -59.13,-112.02i -113.59 (m)3C
NMR (126 MHz, Acetonals) U (H,6 2 2428 Hz), 159.6, 148.7, 142.138.07 137.8 (m),
137.5, 134.6d, J = 11.7 Hz), 124.9d,J = 11.4 Hz), 121.%q, J = 257.4 Hz), 112.4d,J = 24.2
Hz), 110.6(d,J=27.3Hz),93.4 HRMS ( ES| +) CidifFdO(MHHY 831.0216f o r

found331.0449

OCF,4

N-(3-fluoro -4-(trifluoromethoxy)phenyl) -5-methoxy-[1,2,5]oxadiazolo[3,4b]pyridin -6-

amine (3.7ah) Synthesized by general proceddrgto yield3.7ah54% as a white solidH NMR
(400 MHz, Acetonas) 8.35 (s, 1H), 7.59 7.50 (m, 2H), 7.49 (s, 1H), 7.467.39 (m, 1H), 4.19

(s, 3H);1%F NMR (376 MHz, Acetonels) -59.92 (ddJ = 5.5, 1.3 Hz);128.58i -128.70 (m);
13C NMR (126 MHz, Acetongls) U 1 6 1(d, 35 250145H5), 184.9, 144.1, 141.2 (d, J = 9.6
Hz), 135.5 13287 132.2 (m), 125.8, 1216, J = 256.5 Hz), 119.0 (d, J = 3.8 Hz), 111.4 (d, J =
21.9 Hz), 95.6, 56.2HRMS (ESt) m/zc a | ¢ 6 @isHoF4N40sr (M+H)* 345.0605 found

345.0604
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6-((3-fluoro-4-(trifluoromethoxy)phenyl)amino) -[1,2,5]oxadiazolo[3,4b]pyr idin-5-ol (3.8ah)
Synthesized by general proceddréto yield 3.8ah50% as a beige solidH NMR (400 MHz,
Acetoneds) 11.64 (s, 1H), 8.20 (s, 1H), 7.49.38 (m, 2H), 7.38 7.31 (m, 1H), 7.18 (s, 1H)F
NMR (376 MHz, Acetonals) -59.94 (d, J = 5.1 B, -128.61i -128.72 (m)13C NMR (126 MHz,
Acetoneds) U 159 . 6= 25025H5), 188.7(142.8, 141.1 (= 9.7 Hz), 138.2, 1326
132.2 (m), 125.7, 121.5 (d,= 256.4 Hz), 118.7 (d] = 3.8 Hz), 111.1 (dJ = 22.0 Hz), 92.3;

HRMS (ESH mizca | ¢ 6 @12HsFANDs (M-H)  329.0303, found 329.0302

F OCF;

N-(3-fluoro-5-(trifluoromethoxy)phenyl) -5-methoxy-[1,2,5]oxadiazolo[3,4b]pyridin -6-

amine (3.7aj) Synthesized by general proceddts to yield 3.7ai61% as a tan sali 'H NMR
(500 MHz, Acetonels) 8.46 (s, 1H), 7.60 (s, 1H), 7.37 (dt, J = 10.4, 2.1 Hz, 1H),7R29 (m,
1H), 6.97i 6.93 (m, 1H), 4.20 (s, 3H}F NMR (376 MHz, Acetonals) -58.74 (s, 3F);109.81

i -109.87 (m, 1F)}3C NMR (126 MHz, Acetongls) U 1 8424549 HE)d161.4, 155.0, 151.4
i 151.0 (m), 144.0, 143.7 (d,= 12.8 Hz), 135.1, 121.3 (d,= 257.1 Hz), 110.7 (d] = 3.9 Hz),
107.7 (d,J = 25.3 Hz), 104.7 (d) = 26.6 Hz), 97.1, 56.2HRMS (ESH m/zc al c 6 d .

C13HoF4N4O3 (M+H)™ 345.0605 found345.0600
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6-((3-fluoro-5-(trifluoromethoxy)phenyl)amino) -[1,2,5]oxadiazolo[3,4b]pyridin -5-ol (3.8ai)
Synthesized by general proceddé to yield 3.8ai 26% as a white solidH NMR (500 MHz,
Acetoneds) 11.83 (s, 1H), 8.42 (s, 1H), 7.42 (dt, J = 10.4, 2.1 Hz, 1H), 7.B37 (m, 2H), 6.98
i 6.92 (M, 1H):*°F NMR (376 MHz, Acetonels) -58.73 (s, 3F);109.88 (t, 1F, J = 9.7 HZ)*C
NMR (126 MHz, Acetonals) U 1 6 % 248.8 Hz)y 159.5, 151:3151.0 (m), 148.7, 143.4
(d,J=12.9 Hz), 142.8, 137.8, 121.3 (b= 255.7 Hz), 110.6 (d] = 4.0 Hz), 107.6 (d) = 25.4
Hz), 104.6 (dJ = 26.6 Hz), 93.5; HRMS (ESIm/zc a | ¢ &gHsFAANaQ3 (M-H) 329.0303

found 329.0302

N-(2,3-bis(trifluoromethyl)phenyl) -5-methoxy-[1,2,5]oxadiazolo[3,4b]pyridin -6-amine

(3.7aj) Synthesized by general proceddtdto yield 3.7aj 20% as a white solidH NMR (500

MHz, Acetoneds) 8.157 8.07 (m, 1H), 8.08 8.00 (m, 2H), 7.90 (s, 1H), 6.87 (s, 1H), 4.28 (s,
3H); 1% NMR (376 MHz, Acetonels) -56.251 -56.41 (m),-58.52i -58.67 (m);13C NMR (126

MHz, Acetoneds) 161.0, 155.0, 144.0, 141i1141.0 (m), 138.1, 135.1, 134.7, 130.0 (g, 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, 56.4HRMS (ESI) m/zc a | ¢ 6CauH7FsN4@z (M-H)" 377.0479found377.0480
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6-((2,3-bis(trifluoromethyl)phenyl)amino) -[1,2,5]oxadiazolo[3,4b]pyridin -5-ol (3.8a)
Synthesized by general proceddré to yield 3.8aj 83% as a beige solidH NMR (400 MHz,
Acetoneds) 11.92 (s, 1H), 4 (d, J = 8.1 Hz, 1H), 8.057.93 (m, 3H), 6.84 (s, 1H}%F NMR
(376 MHz, Acetonels) -56.411 -56.59 (m).-58.48i -58.72 (m);**C NMR (126 MHz, Acetone
ds) 1%8.6, 147.8,141.8, 140.1 (= 2.1 Hz), 139.2, 134.0, 132.1, 129.0Jd; 34.1 Hz), 125.4
(g, J = 7.5 Hz), 123.0 (¢J = 272.9 Hz), 123.0 (q] = 270.3 Hz), 122.9 (q] = 33.2 Hz), 91.1;

HRMS (ESI) m/zc a | ¢ &CeHsFsN4@, (M-H)  363.0322 found 363.0316

CF3

N-(2,3-bis(trifluoromethyl)phenyl) -5-methoxy-[1,2,5]oxadiazolo[3,4b]pyridin -6-amine

(3.7aK) Synthesized by general proceddtsto yield 3.7ak 31% as a beige solidlHd NMR (500
MHz, Acetoneds) 8.191 8.07(m, 2H), 7.85 7.68 (m, 1H), 7.50 7.24 (m, 1H), 4.28 (g, J = 6.3
Hz, 3H); %F NMR (376 MHz, Acetongls) -62.17,-63.03;°C NMR (126 MHz, Acetonals) U
161.1, 155.1, 143.9, 142.3, 136.0, 13W9J =4.5 Hz), 127.2, 125.6, 124(8q, J =274.9, 31.0

Hz), 98.2, 56.6HRMS (ESI) m/zc a | ¢ 8CeiH7FeN4®@, (M-H) 377.0479 found377.0476

CF3
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6-((2,4-bis(trifluoromethyl)p henyl)amino)[1,2,5]oxadiazolo[3,4b]pyridin -5-ol (3.8aK
Synthesized by general proceddt6 to yield 3.8ak 54% as a yellow solidH NMR (500 MHz,
Acetoneds) 12.03 (s, 1H), 8.18 8.08 (m, 4H), 7.36 (s, 1H}F NMR (376 MHz, Acetonls) -
62.241 -62.3 (m),-62.761 -62.89 (M):13C NMR (126 MHz, Acetonels) U 159. 7, 148. ¢
141.8, 137.8, 131.8),J = 4.5 Hz), 126.4q,J = 33.6 Hz), 1251 125.3 (m), 124.9, 124, J =
272.0 Hz), 124.3q, J = 275.2 Hz), 123.29, J = 31.0 Hz), 94.6HRMS (ES)m/zc al ¢ 6d. f o

C13H5FeN4O2 (M-H) 363.0322 found363.0329

CF;

N-(2,5-bis(trifluoromethyl)phenyl) -5-methoxy-[1,2,5]oxadiazolo[3,4b]pyridin -6-amine

(3.7a) Synthesized by general proceddt&to yield 3.7al57% as a white solidH NMR (500

MHz, Acetoneds) 8.207 8.17 (m, H), 8.167 8.11 (m, 1H), 7.97 7.84 (m, 1H), 7.80 (s, 1H),

7.02 (s, 1H), 4.29 (s, 3HIF NMR (376 MHz, Acetonels) -62.27,-63.83;13C NMR (126 MHz,
Acetoneds) 16i1.0, 155.0, 144.0, 139i8139.3 (m), 137.6, 136.1 (g, J = 33.3 Hz), 130.2 (g, J =
30.2, 29.4 Hz), 129.7 (9, 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, 56.44RMS (ESI) m/zc a | ¢ 6 @H7Fsi402r(M-H) 377.0479 found

377.0471
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6-((2,5-bis(trifluoromethyl)phenyl)amino) -[1,2,5]oxadiazolo[3,4b]pyridin -5-ol (3.8al)

Synthesized by general proceddré to yield 3.8al 79% as a beige solidd NMR (400 MHz,

Acetoneds) U 11. 95 ( s, 1 H)=s8.3%z, 1H), 7.05s(s, 1H), A82,@=8.0 1 0 ( d,
Hz, 1H), 7.06 (s, 1H}*F NMR (376 MHz, Acetonals) -62.241 -62.45 (m)-63.54i -63.77 (m);

13C NMR (126 MHz, Acetonels) U 158. 7, 147. 9, =1L%Hr),1850( B38. 5,

= 33.3 Hz), 128.7 (q, J = 5.7 Hz), 127.4 (d, J = 30.4 Hz), 123.3 (d, J = 27R.1235 (dq, J =

30.5, 5.3,Hz), 92.26;HRMS (ESI) m/zc a | ¢ 6 @isHsFsN4@2r (M-H)" 363.0322 found

363.0331

N-(3,4-bis(trifluoromethyl)phenyl) -5-methoxy-[1,2,5]oxadiazolo[3,4b]pyridin -6-amine

(3.7am) Synthesized by general proceddrgto yield 3.7am58% as a beige solitkd NMR (400
MHz, Acetoneds) 8.68 (s, 1H), 8.0% 7.99 (m, 3H), 7.79 (s, 1H), 4.22 (s, 3HJE NMR (376
MHz, Acetoneds) -58.761 -59.01 (m)-59.97i -60.18 (m) 13C NMR (126 MHz, Acetonals) U
161.5, 155.1, 145.2, 143.9, 134.5, 130.8 (g, J = 6.3 Hz), 13029.0 (m), 124.1 (q, J = 271.5
Hz), 123.8 (g, J = 272.8 Hz), 123.3, 1201.821.1 (m),121.1i 120.8 (m), 98.6, 56.34RMS (ESI

ym/zc a | ¢ &CaiH7FsNs@, (M-H) 377.0479found377.0477.
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6-((3,4-bis(trifluoromethyl)phenyl)amino) -[1,2,5]oxadiazolo[3,4b]pyridin -5-ol (3.8am)
Synthesized by general proceddtéto yield 3.8am52% as a beige solidd NMR (500 MHz,
Acetoneds) 11.90 (s, 1H), 8.68 (s, 1H®.14 (s, 1H), 8.07 (t, 2H), 7.57 (s, 1HF NMR (376
MHz, Acetoneds) -59.11 (g, J = 12.9 Hz)60.25 (g, J = 12.9 Hz}3C NMR (126 MHz, Acetone
de) 1%9.5, 148.8, 144.8, 142.7, 137.5, 130.8 (q, J = 6.4 Hz), {@935= 33.2 HZ)124.2 (q, J =
273.6 Hz), 123.8q, J = 273.6 Hz), 123.3, 121(8, J = 31.4 Hy, 121.3 (d, J = 6.4 Hz), 94.7

HRMS (EST) m/zc a | ¢ 6CatHsFeN4@z (M-H) 363.0322 found 363.0324

F3;C CF3

N-(3,5-bis(trifluoromethyl)phenyl) -5-methoxy-[1,2,5]oxadiazolo[3,4b]pyridin -6-amine

(3.7an) Synthesized by general proceddtto yield 3.7an68% as a beige solidlHd NMR (500

MHz, Acetoneds) 8.58 (s, 1H)8.11 (s, 2H), 7.77 (s, 1H), 7.65 (s, 1H), 4.23 (s, 3fH;NMR

(376 MHz, Acetonals) -63.6Q 13C NMR (126 MHz, Acetonels) U 161.5, 155. 1,
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),

97.2,56.3HRMS (EST) m/zc a | ¢ &CgiHoFeN4@, (M+H)™ 379.0624 found 379.0621.
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FsC CF;

6-((3,5-bis(trifluoromethyl)phenyl)amino) -[1,2,5]oxadiazolo[3,4b]pyridin -5-ol (3.8an
Synthesized by general proceddréto yield 3.8an60% as a beige solidH NMR (400 MHz,
Acetoneds) 11.84 (s, 1H), 8.57 (s, 1H), 8.16 (s, 2H), 7.7R74 (m, 1H), 7.42d,J= 4.1 Hz, 1H);
19 NMR (376 MHz, Acetonals) -63.57;13C NMR (126 MHz, Acetonels) U 159. 5, 148.
142.7, 138.1, 133.@), J = 33.3 Hz), 124.3q, J = 272.0 Hz), 122.4q, J = 4.6 Hz), 117.6p,J =

4.2 Hz), 93.5HRMS (ES1) m/zc a | ¢ 06 @HsFENaQz (ME&H) 363.0322, found 363.0332

OCF;

5-methoxy-N-(4-(trifluoromethoxy) -2-(trifluoromethyl)phenyl) -[1,2,5]oxadiazolo[3,4
b]pyridin -6-amine (3.7ag Synthesized by general proceddtB to yield 3.7a024% as a white
solid'H NMR (400 MHz, Acetonals) U 7 J9&%4, (.8cHg, 1H), 7.847.78 (m, 2H),7.70
(s, 1H), 6.92 (s, 1H), 4.26 (d= 0.8 Hz, 3H) 1% NMR (376 MHz, Acetonels) -58.97,-62.23;
13C NMR (126 MHz, Acetongls) G 16 1. 0 ,(d, 1=2.3 HA), 144.0,437.8,437(q,
= 1.9 Hz), 131.4, 128.6, J = 30.9 Hz), 127.1, 123.8), J = 272.9Hz), 121.5(q, J = 5.7 Hz),
121.3(q, J = 257.1 Hz), 95.4, 56;HRMS (ESt) m/zc a | ¢ 6 1dHoFENaCQs (MEH)* 395.0573

Found: 395.0556
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OCF,

6-((4-(trifluoromethoxy) -2-(trifluoromethyl)phenyl)amino) -[1,2,5]oxadiazol¢3,4-b]pyridin -

5-ol (3.8a9 Synthesized by general proceddréto yield 3.8a080% as a tan solidH NMR (500

MHz, Acetoneds) U 1 1. 96 i 7.98 (m, IHH J.89 (SBLH)72827.77 (m, 2H), 6.98 (s,

1H); 1°F NMR (376 MHz, Acetonels) -58.99,-62.41;3C NMR (126 MHz, Acetonels) U 159 . 6,
148.7, 146.4d, J = 2.6 Hz), 142.7, 139.4, 137(8, J = 2.1 Hz), 128.8, 127.6,26.4(q, J = 31.0

Hz), 124.0(q, J = 276.1 Hz), 121.5q, J = 6.1 Hz), 121.3q, J = 258.5 Hz), 92.3HRMS (ESI)

mizc a | ¢ 6 dHsFENaQs (ME) 379.0271, found 379.0282

CF,
OCF,

5-methoxy-N-(4-(trifluoromethoxy) -3-(trifluorome thyl)phenyl)-[1,2,5]oxadiazolo[3,4
b]pyridin -6-amine (3.7ap) Synthesized by general proceddré to yield 3.7ap 80% as a tan
solid. 'H NMR (500 MHz, Acetonels) 8.45 (s, 1H), 7.95 (dd, = 9.0, 2.8 Hz, 1H), 7.91 (d,=
2.8 Hz, 1H), 7.69 (dJ = 9.0 Hz, H), 7.50 (d,J = 0.9 Hz, 1H), 4.22 (s, 3H}°F NMR (376 MHz,
Acetoneds) -57.911 -57.94 (m)-62.05i -62.09 (m);}3C NMR (126 MHz, Acetonels) 161.4,

155.0, 144.1, 142.6 142.4 (m), 139.9, 135.8, 127.8, 124.4 (q, J = 32.0 Hz), 124Z8.8 (m),
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1234 (d, J = 271.7 Hz), 122.0 (g, J = 5.4 Hz), 121.3 (g, J = 258.3 Hz), 95.6, 56.2; HRMS (ESI

m/zcalcd forCi4sH7FeN4O3z (M-H) 393.0428 found393.0424

CF,4
OCF,

6-((4-(trifluoromethoxy) -3-(trifluoromethyl)phenyl)amino) -[1,2,5]oxadiazolo[3,4b]pyridin -
5-ol (3.8ap Synthesized by general proceddt6to yield 3.8ap42% as a white solidH NMR
(500 MHz, Acetoneds) 11.85 (s, 1H), 8.45 (s, 1H), 8.07.96 (m, 2H), 7.73 7.67 (m, 1H), 7.31
(s, 1H);*°F NMR (376 MHz, Acetonals) -57.88i -57.95 (m),-62.05 (g, J = 2.5 Hz)}3C NMR
(126 MHz, Acetonals) U ,148.9, 142.8, 142.4142.3(m), 139.7, 138.5, 127.4, 124(4, J
= 32.1 Hz), 123.8 123.7(m), 123.4(q, J = 272.5 Hz), 121.99, J = 5.4 Hz), 121.3q,J = 258.1

Hz), 92.1 HRMS (ESI) m/zc a | ¢ 6 @HsFENaQs (M&1) 379.0271, found 379.0263

CF3 |
F 0] /N /N\
NN

H

N-(2,4-difluoro -5-(trifluoromethyl)phenyl) -5-methoxy-[1,2,5]oxadiazolo[3,4b]pyridin -6-
amine (3.7aqQ Synthesized by general proceddré to yield 3.7aq60% as a brown solidH
NMR (400 MHz, Acetonals) & 1 8.03qn6, 1H), 8.00 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, 4%5:NMR (376 MHz, Acetonels) -61.53 (dd,

J =12.8, 1.7 Hz}109.43i -109.59 (m);-114.89i -115.11 (m):¥3C NMR (126 MHz, Acetne

do) U 1,1644i.159.5 (m), 159.6 157.5 (m), 155.0, 144.1, 137.0, 127.1 (dt, J = 8.7, 4.4 Hz),
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12497 124.5 (m), 123.2 (q, J = 270.3 Hz), 146.1155 (m), 10897 1076 (m), 952 (d, J = 2.9

Hz), 562; HRMS (ESH m/zc a | ¢ 6 a&HeFsN4@ (M-H) 345.0416, Found 345.0408

F3C

6-((2,4-difluoro -5-(trifluoromethyl)phenyl)amino) -[1,2,5]oxadiazolo[3,4b]pyridin -5-ol

(3.8a0 Synthesized by general proceddtéto yield 3.8aq20% as a Beige solitH NMR (500
MHz, Acetoneds) U 1 1. 87 i 798 (m, 2HH J.59 (t,8 = 0074 Hz, 1H), 6.78 (d, J = 2.3
Hz, 1H); % NMR (376 MHz, Acetonels) -61.50(dd, J = 12.6, 1.6 Hz)110.2i -110.41 (m),
-1153 7 -1155 (m); 3C NMR (126 MHz, Acetonels) U  (Hd§ D= 2%8.5, 13.0 Hz), 159.3,
1582 (qd,J = 255.8, 2.3 Hz), 148, 1428, 1397, 1263 (h,J = 4.3 Hz), 124.4dd,J = 13.1, 4.3
Hz), 123.2(qd,J = 271.2, 2.2 Hz), 118.i 115.2 (m), 108.5 1071 (m), 91.8 (d,J = 2.9 Hz);

HRMS (ESH m/zc a | ¢ &CaHaFsN4@, (M-H) 331.0260 Found 331.10249

(e} /N /N\
\ = /O
HN N
F
OCF,4

N-(2,4-difluoro -5-(trifluoromethoxy)phenyl) -5-methoxy-[1,2,5]oxadiazolo[3,4b]pyridin -6-
amine (3.7ar) Synthesized by general proceddt&to yield 3.7ar 68% as a tan solidH NMR
(500 MHz, Acetonede) 8.04 (s, 1H), 7.78t(J = 7.2 Hz, 1H), 7.57 (t, J = 10.2 Hz, 1H), 6.90 (d, J

= 2.5 Hz, 1H), 4.23 (s, 3HIF NMR (376 MHz, Acetonels) -60.06 (d, J = 5.5 Hz, 3F)116.62
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i -116.72 (M,1F);129.00i -129.12 (m, 1F)*3C NMR (126 MHz, Acetonals) 161.1, 156.4
(dd, J = 2523, 10.8 Hz), 155.0, 153.3 (dd, J = 252.2, 12.2 Hz), 144.1, 136.8, 1332.1 (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 BRMS (ESH m/zc a | ¢ 6 dHsFENaQs (MEH) 361.0366,

found 361.0358

OCF,

6-((2,4-difluoro -5-(trifluoromethoxy)phenyl)amino) -[1,2,5]oxadiazolo[3,4b]pyridin -5-ol

(3.8ar) Synthesized by general proceddé to yield 3.8ar 94% as a tan solidH NMR (500

MHz, Acetoneds) 11.86 (s, 1H), 8.04 (s, 1H), 7.977.72 (m, 1H), 7.59 (t, J = 10.2 Hz, 1H), 6.79

(d, J = 2.2 Hz, 1H)*F NMR (376 MHz, Acetonels) -60.03i -60.07 (m)-117.73i -117.82 (m),
-129.49i -129.62 (M)13C NMR (126 MHz, Acetonels) 1%9.3, 155.8dd, J = 251.7, 10.8 Hz),

152.9 (dd, J = 251.8, 12.3 Hz), 148.7, 142.8, 139.3, 1i3333.1 (m), 124.7 (dd, J = 14.0, 4.3

Hz), 122.3 (d, J = 3.9 Hz), 121.4 (g, J = 259.4 Hz), 107.6 (dd, J = 26.2, 23.5 Hz), 91.8 (d, J = 2.9

Hz); HRMS (ESH) m/zc a | ¢ €aHsFRENaQs (M-H) 347.0209, found 347.0200
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5-methoxy-N-(4-(methylsulfonyl)phenyl)-[1,2,5]oxadiazolo[3,4b]pyridin -6-amine  (3.7a9
Synthesized by general proceddrs to yield 3.7as81% as a white solid*H NMR (400 MHz,
Acetoneds) 8.51 (s, 1H), 8.00 7.95 (m, 2H), 7.77 7.55 (m, 3H), 4.21 (s, 3H), 3.13 (s, 3HC
NMR (126 MHz, Acetonels) ua 159. 6, 148. 7, 145. 1, 142. 8, 13

HRMS (ESt m/zc a | ¢ 0 &H1iNJO45 (M-H) 319.0494 found319.0494

0=S=0

6-((4-(methylsulfonyl)phenyl)amino)-[1,2,5]oxadiazolo[3,4b]pyridin -5-0l (3.8a9 Synthesized

by general procedurk6to yield 3.8as67%yield as a white solidH NMR (500 MHz, Acetone

de) 11.84 (s, 1H), 8.4%, 1H), 8.01 7.96 (m, 2H), 7.80 7.75 (m, 2H), 7.44 (s, 1H), 3.13 (s, 3H);

13C NMR (126 MHz, Acetonels) ad 159. 6, 148. 7, 145. 1, 142. 8,

44.5; HRMS (ES) m/zc a | ¢ 0 &bHoN4©®48 {M-HY305.0350 found305.0340

5-methoxy-N-(3-((trifluoromethyl)sulfonyl)phenyl) -[1,2,5]oxadiazolo[3,4b]pyrid in-6-amine
(3.7af) Synthesized by general proceddrbto yield3.7at85% as a yellow solidH NMR (500
MHz, Acetonede) 8.62 (s, 1H), 8.28 8.16 (m, 1H), 8.14 (s, 1H), 7.93 (t, J = 8.0 Hz, 1H), 7.90

7.86 (m, 1H), 7.53 (s, 1H), 4.23 (s, 3%FE NMR (376 MHz, Acetones) -79.70;13C NMR (126
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MHz, Acetoneds) U 161. 4, 155. 0, 143. 9, 142. 8, 135.

J = 327.0 Hz), 96.0, 56.2; HRMS (EBin/zc a | ¢ 0 gHsFsNaQuS (@-H) 373.0224, found

373.0223

6-((3-((trifluoromethyl)sulfonyl)phenyl )amino)-[1,2,5]oxadiazolo[3,4b]pyridin -5-ol (3.8af
Synthesized by general proceddtéto yield 3.8at87% as a yellow solidH NMR (400 MHz,
Acetoneds) 11.84 (s, 1H), 8.61 (s, 1H), 8.28.18 (m, 2H), 7.97 7.91 (m, 1H), 7.90 7.84 (m,

1H), 7.31 (s 1H); *F NMR (376 MHz, Acetonals) -79.68;°C NMR (126 MHz, Acetonals)

U

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 (ESH m/zc a | ¢ 6 @dHsF8NaQ:S (M@-H)  359.0067, found 359.0072

O:§:O
CF3

5-methoxy-N-(4-((trifluoromethyl)sulfonyl)phenyl )-[1,2,5]oxadiazolo[3,4b]pyridin -6-amine
(3.7aU) Synthesized by general proceddrto yield 3.7au74% as an offvhite solid.*H NMR
(400 MHz, Acetoneds) 8.891 8.75 (m, 1H), 8.11 8.04 (m, 2H), 7.97 (s, 1H), 7.917.83 (m,

2H), 4.21 (s, 3H) % NMR (376 MHz, Acetoneds) -79.967 -80.06 (m);*3C NMR (126 MHz,
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Acetoneds) U 161. 6, 155.2, 149.7, 143.8, 133.7, 12

HRMS (ESH m/zc a | ¢ 0 eHsFsNa@:$ (ME) 373.0224, found 373.0224

0=5=0

CF;
6-((4-((trifluoromethyl)sulfonyl)phenyl)amino) -[1,2,5]oxadazolo[3,4b]pyridin -5-ol (3.8au)
Synthesized by general proceddt6 to yield 3.8au98% as a yellow solidH NMR (400 MHz,
Acetoneds) 11.90 (s, 1H), 8.75 (s, 1H), 8.18.08 (m, 2H), 7.99 7.92 (m, 2H), 7.71 (s, 1H)F
NMR (376 MHz, Acetonal) -79.957 -80.09 (m);}3C NMR (126 MHz, Acetonels) G 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 (ESH m/zc a | ¢ 6 gbHeFsNs@$ (M-El)” 359.0067, found 359.0073

5-methoxy-N-(3-(pentafluoro-16-sulfaneyl)phenyl)-[1,2,5]oxadiazolo[3,4b]pyridin -6-amine

(3.7aV) Synthesized by general proceddrgto yield3.7av88% as a yellow solidH NMR (400

MHz, Acetoneds) 8.43 (s, 1H), 7.92 (d,= 2.3 Hz, 1H), 7.88 7.82 (m, 1H), 7.74 7.65 (m, 2H),

7.38 (dJ= 23 Hz, 1H), 4.22 (dJ = 2.3 Hz, 3H)13C NMR (126 MHz, Acetonels) & 161 . 3, 1°
(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 (ESIm/zc a | ¢ 6 dizHgFsMN40.8 (ME&) 367.0294 found

367.0278
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6-((3-(pentafluoro-16-sulfaneyl)phenyl)amino}[1,2,5]oxadiazolo[3,4b]pyridin -5-0l (3.8aV)

Synthesized by general proceddr6to yield 3.8av62%as a yellow solid*H NMR (400 MHz,

Acetoneds) U 11.80 (s, 1HF21He, 18)27.86&1=7.1HE)1H), B7500 (t ,
i 7.65 (M, 2H), 7.18 (s, 1HYF NMR (376 MHz, Acetongls) U 8 3= 9@ 1 Hz pP,

62.01 (dJ = 148.4 Hz 4P.13C NMR (126 MHz, Acetonels) U 1 5 9(t, B=,17.41H5)5 . 1
148.7,142.8, 141.1, 138.7, 131.1, 125.9, 172,11 = 5.0 Hz), 120.{p,J=5.1 Hz), 91.5

HRMS (ESf) m/zc a | ¢ 6 eiHsFsN4@3 (M+H)* 355.0283, found 355.0281

5-methoxy-N-(4-(pentafluoro-16-sulfaneyl)phenyl}[1,2,5]oxadiazolo[3,4b]pyridin -6-amine
(3.7aw) Synthesizedy general procedurk5to yield 3.7aw65% as a beige solid NMR (400
MHz, Acetoneds) U 8. 49 (789 (m,12H)) 7,70 7.66 9w 2H), 7.64 (s, 1H), 4.21 (s,
3H); 13C NMR (126 MHz, Acetonals) 161.5, 155.0, 149.B 148.7 (m), 144.1144.0, 135.0,
128.51 128.2 (m), 121.3, 96.8, 56.HRMS (ESI+)m/zc a | ¢ 8 dizH1oFMNIS (MZ-H)*

369.0439found367.0432

6-((4-(pentafluoro-16-sulfaneyl)phenyl)amino}[1,2,5]oxadiazolo[3,4b]pyridin -5-0l (3.8aw)
Synthesized by general procedététo yield 3.8aw68% as a yellow solidH NMR (400 MHz,
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Acetoneds) U 11.82 ( s, I A.90,(m, 8H),4 .48 7(78 (m, 2H)H?.43 (s,7LH)9 6
197 NMR (376 MHz, Acetonls) a 8 9= g3 Hz pH, 63.08 (dJ=148.5 Hz4F.

13C NMR (126 MHz, Acetonels) U 1 5 9(t, J& 17.0H#),9448(, 148,142.8,137.7, 125

i 128.1 (m), 121.3, 93; HRMS (ESl) m/zc a | ¢ 6 diHeFsN40.8 (M-B) 353.0137, found

353.0134

5-methoxy-N-(4-(1,1,2,2tetrafluoroethoxy)phenyl)-[1,2,5]oxadiazolo[3,4b]pyridin -6-amine
(3.7aX Synthesized by general proceddr@to yield3.7ax52% as a yellow solidH NMR (400
MHz, Acetoneds 8.22 (s, 1H), 7.60 7.54 (m, 2H), 7.40 7.34 (m, 2H), 7.24 (s, 1H), 6.52 (tt, J
= 52.5, 3.1 Hz, 1H), 4.21 (s, 3HFF NMR (376 MHz, Acetonels) -89.11 (2F, q, J = 5.4 H2),

138.401 -138.81 (2F, m);®*C NMR (126 MHz, Acetonals) U 16 1. 4, 154. 8,

136.6, 117.7, 109.9 (d, J = 290.0 Hz), 109.1, 108.2 (d, J = 290.2 Hz), 93.3, 56.1; HRK)S (ESI

mizc al ¢ 6 hHuFNOF(M+E)* 359.0762, found 359.0758
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6-((4-(1,1,2,2tetrafluoroethoxy)phenyl)amino)-[1,2,5]oxadiazolo[3,4b]pyridin -5-ol (3.8a%
Synthesized by general proceddté to yield 3.8ax83% as a yellow solidH NMR (500 MHz,
Acetoneds 11.78 (s, 1H), 8.19 (s, 1H), 7.667.51 (m, ), 7.45 7.33 (m, 2H), 7.08 (s, 1H), 6.52

(tt, J = 52.5, 3.1 Hz, 1H}°F NMR (376 MHz, Acetonals) -89.08i -89.13 (m),-138.61 (dt,J

= 52.6, 5.4 Hz)"®C NMR (126 MHz, Acetonals) U 159 . 7 ,(d, 1=428 H#H),143D4 5. 7
139.0, 138.81244, 123.8, 118.3 (tt), 109(tt, J= 248.7, 41.6 Hz), 90; HRMS (ESHm/zc a| c 6 d .

for C13H7F4N4O3 (M-H) 343.0460, found 343.0448

5-methoxy-N-(6-(trifluoromethyl)pyridin -3-yl)-[1,2,5]oxadiazolo[3,4b]pyridin -6-amine

(3.7ay) Synthesized by general proceddrbto yield 3.7ay71% as a white solidH NMR (400

MHz, Acetoneds) 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, 3HF NMR (376 MHz, Acetonels) -67.73;13C NMR

(126 MHz, Acetonels) U 161.3, 155.0, 144.2, 143.9, 142.
122.9 (d, J = 272.5 Hz), 122.1 (d, J = 3.3 Hz), 97.1, 56.3; HRMS-)®Bzc al co6d. f o]

C12H7F3NsO2 (M-H) 310.0557 found310.0547
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6-((6-(trifluoromethyl)pyridin -3-yl)amino)-[1,2,5]oxadiazolo[3,4b]pyridin -5-ol (3.8ay)
Synthesized by general proceddréto yield 3.8ay80% as a white solidH NMR (500 MHz,

Acetoneds) 11.87 (s, 1H), 8.92 (d, J = 2.7 Hz, )118.55 (s, 1H), 8.23 (dd, J = 8.6, 2.7 Hz, 1H),

7.90 (d, J = 8.6 Hz, 1H), 7.45 (s, 1HE NMR (376 MHz, Acetonels) -67.72;3C NMR (126

MHz, Acetoneds) ul159. 5, 148. 8, 144. 2, 142. 7, 142. 4 (
(0, J = 274.0 Hz), 122.0 (q, J = 3.1 Hz), 93.7; HRMS {E8lzc a | ¢ 6 ehHsFaNs@; (M+H)"

296.0401 found296.0404

N-(3-(tert-butyl)phenyl)-5-methoxy-[1,2,5]oxadiazolo[3,4b]pyridin -6-amine (3.7a2

Synthesized by general proceddr® to yield 3.7az58% as a tan solid*H NMR (500 MHz,

Acetoneds) 8.11 (s, 1H), 7.49 (] = 2.0 Hz, 1H), 7.42 (t) = 7.9 Hz, 1H), 7.34 7.28 (m, 2H),

7.15 (s, 1H), 4.23 (s, 3H), 1.36 (s, 9MC NMR (126 MHz, Acetonels) o 161 .5, 154 . ¢
144.3, 139.7, 137.0, 130.1, 122.8, 121.1, 120.6, 92.2, 56.1, 35.4HRMS (ESf) m/zc al c 6 d .

for C1eH19N4O2 (M+H)* 299.1503, found 299.1502

6-((3-(tert-butyl)phenyl)amino)-[1,2,5]oxadiazolo[3,4b]pyridin -5-0l (3.8a2 Synthesized by

general proceduré.6to yield 3.8az84%as a beige solidH NMR (400 MHz, Acetonals) 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)j 7Z3® (m, 1H), 7.29
7.24 (m, 1H), 6.995 1H), 1.35 (s, 9H}-*C NMR (126 MHz, Acetonels) & 158. 9, 152 . 7
142.2, 138.8, 138.4, 129.1, 121.6, 119.7, 119.0, 88.2, 30.6,#BMS (ESH) m/izc al ¢ 6d. f o

C1sH17N4O2 (M+H)* 285.1346, found 285.1343

OMe

5-methoxy-N-(4-methoxyphenyl}[1,2,5]oxadiazolo[3,4b]pyrid in-6-amine (3.7b3a
Synthesized by general procedét&to yield3.7ba67%as a yellow solid*H NMR (500 MHz,
Acetoneds) 7.96 (s, 1H), 7.38 7.34 (m, 2H), 7.10 6.97 (m, 2H), 6.87 (s, 1H), 4.20 (s, 3H), 3.84
(s, 3H);¥°C NMR (126 MHz, Acetonals) U .4,158.4, 154.7, 144.4, 138.1, 132.3, 126.4, 126.3,

115.7, 91.0, 55.84RMS (ESI) m/zc a | ¢ 6CgsH13NFOn(M+H)* 273.0982 found273.0982

OMe

6-((4-methoxyphenyl)amino)[1,2,5]oxadiazolo[3,4b]pyridin -5-0l (3.8ba Syntheized by
general procedur 6to yield3.8ba70%as a yellow solidtH NMR (400 MHz, Acetonals) 11.70
(s, 1H), 7.93 (s, 1H), 7.417.35 (m, 2H), 7.06 7.00 (m, 2H), 6.73 (s, 1H), 3.83 (s, 3HC
NMR (126 MHz, Acetonads) U 158 . 2, 1,423.7,125.61850,84.9, 558B;HRMD

(ESI)ym/zc a | c¢ 6 @H1dNs03(M+B)* 258.0753, found 258.075
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5-methoxy-N-(p-tolyl)-[1,2,5]oxadiazolo[3,4b]pyridin -6-amine (3.7bb) Synthesized by
general procedur.5to yield3.7bb 78%as a yellow solidtH NMR (400 MHz, Acetonals) 8.04

(s, 1H), 7.38 7.22 (m, 4H), 7.06 (s, 1H), 4.20 (s, 3H), 2.35 (d, J = 0.7 Hz, BB)NMR (126
MHz, Acetoneds) a 161. 4, 154. 8, 144. 3, 137.3 (d,

56.0, 20.9; HRMS (ES) m/zc a | ¢ 6 dH1aM40.(M+B)* 257.1033, found 257.1033

6-(p-tolylamino)-[1,2,5]oxadiazolo[3,4b]pyridin -5-0l  (3.8bb) Synthesized by general
procedure4.6 to yield 3.8bb 85% as a yellow solid'H NMR (400 MHz, Acetonals) 11.73 §,

1H), 7.99 (s, 1H), 7.3 7.31 (m, 2H), 7.30 7.25 (m, 2H), 6.92 (s, 1H), 2.34 (d, J = 0.7 Hz, 3H);

13C NMR (126 MHz, Acetongls) U 159. 7, 148. 4, 143. 1, 139.

20.9; HRMS (EST) mizc a | ¢ 6 g@H1K0:(M+B)* 243.087, found 243.0875
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4-methyl-6-((4-(1,1,2,2tetrafluoroethoxy)phenyl)amino)-[1,2,5]oxadiazolo[3,4b]pyridin -
5(4H)-one (3.9 Synthesized by general proceddré at 110 °C for 16 ho yield 3.956%as a
white solid*H NMR (500 MHz, Acetoneds) U 8. 25 (753 (m,12H)) 7,43 7.34 &n§

2H), 7.05 (s, 1H), 6.52 (tf,= 52.5, 3.1 Hz, 1H), 3.68 (s, 3HJF NMR (376 MHz, Acetonals)

¢

-89.13 (td,J = 5.8, 3.1 Hz);138.65 (dt,J = 52.5, 5.8 Hz)3C NMR (126 MHz, Acetonls)

C«

159.3, 18.9, 145.8(t, J = 2.5 Hz), 142.4, 139.0, 138.8, 124.4, 123.8, 11,6 = 269.8, 28.8
Hz), 109.0(tt, J = 249.5, 42.4 Hz), 89.3, 31.KIRMS (ESH m/zc a | ¢ &dHoFENaQs (M-H)"

357.0616 found357.0611

6-chloro-N-(2,3-difluorophenyl)-[1,2,5]oxadiazolo[3,4b]pyridin -5-amine (3.109.
Synthesized following general proceddr8 to yield the title compound as a light yellow solid
(259 mg, 87%)'H NMR (400 MHz, Acetonals) U 9. 02 (s, 1iH)77(m8H),55
7.35i 7.24 (m, 2H)1°F NMR (376 MHz, Acetonals) -1i89.58i -139.74 (m);147.55 -147.78
(m); 3C NMR (126 MHz, Acetonels) U 157 . 7 ,(dd D5 245.5, 11.5 H%, 145@d,
J=249.0,14.1 Hz), 143.0, 128.9, 128(6d,J = 8.7, 2.0 Hz),125.4, 125.Xdd,J = 8.1, 5.0 Hz),
122.9(d, J = 3.4 Hz), 115.7d,J= 17.2 Hz); HRMS (ESI+n/zCalcd. for GiHsCIFaN4O (M+H)*

283.0192, found 283.0184.

5-((2,3-difluorophenyl)amino)-[1,2,5]oxadiazolo[3,4b]pyridin -6-o0l (3.113
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Synthesized following general proceddr8to yield the title compound as yellow solid (52 mg,

22%).'H NMR (500 MHz, Acetonals) o 11.21 (s, 1i@3L(mAaH)FRT (s, 1t
7.21 (m, 1H), 7.14 7.06 (m, 1H), 6.71 (s, 1H}°F NMR (376 MHz, Acetonels) -1#40.30i -

140.54 (m);152.86:13C NMR (126 MHz, Acetonels) U ,163a.3 154.8, 151.4dd,J = 244.3,

11.4 H)), 143.5(dd,J = 246.2, 14.9 Hz), 140.9, 130(@d,J = 7.9, 2.0 Hz), 124.@dd,J=8.4, 5.1

Hz), 120.3d,J=3.9 Hz), 112.9d,J = 17.4 Hz), 101.2HRMS (ES}) m/zCalcd. for GiHsF2N4O2

(M-H) 263.0386, found 263.0378.

6-chloro-N-(3,5-difluorophenyl) -[1,2,5]oxadiazolo[3,4b]pyridin -5-amine (3.10b).
Synthesized following general proceddr& to yield the title compound as a yellow solid (196.3
mg, 66%).*H NMR (400 MHz, Acetonals) U 1 9.18m, 1H), 8.54 (s, 1H), 7.817.74 (m,
2H), 6.87 (ttJ = 9.1, 2.3 Hz, 1H)!°F NMR (376 MHz, Acetonals) -110.75i -110.85 (m)C
NMR (126 MHz, Acetonels) 0 @HdB=.283.9, 14.8 Hz)157.4, 153.8, 142.8, 1417 J =
13.8 Hz),129.1 1254, 106.2i 105.8 (m), 100.t, J = 26.1 Hz); HRMS (ESI+n/zCalcd. for

C11HeCIF2N4O (M+H)™ 283.0192, found 283.0178.

5-((3,5-difluorophenyl)amino)-[1,2,5]oxadiazolo[3,4b]pyridin -6-0l  (3.11b  Synthesized
following general proceduré.8 to yield the title compound as yellow solid (36 mg, 20%).
NMR (400 MHz, Acetonedsg) U0 11. 13 (s, 1 HPL(M22H),H70{Ws9.2, 1 H) ,

2.3 Hz, 1H), 6.45 (s, 1H}°F NMR (376 MHz, Acetonals) -110.83i -110.94 (m)23C NMR
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(126 MHz, Acetoneds) U (HdhB=.283.2, 15.2 Hz)161.2, 161.1, 154.3, 143(8 J = 139
Hz), 140.6, 103.6dd,J = 21.7, 7.8 Hz), 101.5, 98(7, J = 26.3 Hz); HRMS (ES) m/zCalcd. for

C11HsF2N4O2 (M-H) 263.0386, found 263.0380.

6-chloro-N-(2-fluoro -3-(trifluoromethyl)phenyl) -[1,2,5]oxadiazolo[3,4b]pyr idin-5-amine

(3.109. Synthesized following general procedd:& to yield the title compound as an off white

solid (163.1 mg, 46%)}H NMR (400 MHz, Acetonals) UG 9. 07 ( s, 1H334 8. 58
(m, 1H), 7.72 7.66 (m, 1H), 7.56 7.51 (m, 1H)°F NMR (376 MHz, Acetonels) -61.73 (d,

J = 13.0 Hz),-126.04 (qtJ = 13.2, 6.9 Hz)13C NMR (126 MHz, Acetonels) & 157 . 7, 15
154.2(dq, J = 256.6, 2.4Hz), 143.1, 132.2, 129.0, 128(@, J = 10.9 Hz), 125.7d, J = 5.1 Hz),

125.5, 125.1q,J= 5.2 Hz), 123.79,J = 271.3 Hz), 119.1{dd,J = 33.0, 11.2 Hz); HRMS (ESI+)

m/zCalcd. for GoHsCIF4N4O (M+H)* 333.0160, found 413.0154.

F

5-((2-fluoro-3-(trifluoromethyl)phenyl)amino) -[1,2,5]oxadiazolo[3,4b]pyridin -6-0l  (3.119

Synthesized following general proceddr8to yield the title compound as yellow solid (42 mg,

27%).'H NMR (500 MHz, Acetonals) U 11.29 (s, 1H), 9.742m,(s, 1H
2H), 6.77 (s, 1H)1%F NMR (376 MHz, Acetonels) -61.74,-61.77;3C NMR (126 MHz,

Acetoneds) U (H,09€2485 Hz), 148.2, 140.9, 129.8, 129.8, 129.2, 12285, 123.9q,J
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= 271.5Hz), 122.1(q, J = 7.2 Hz), 122.0, 101;5HRMS (ESH) m/zCalcd. for GoHsFaN4O2 (M-

H) 313.0354, found 313.0345.

2-(4-((6-chloro-[1,2,5]oxadiazolo[3,4b]pyridin -5-yl)Jamino)phenyl)-1,1,1,3,3,3

hexafluoropropan-2-ol (3.10d). Synthesized following general procedudr& to yield the title
compound as a yellow solid (353.7 mg, 8195).NMR (400 MHz, Acetonals) U 9. 18 ( s,
8.51 (s, 1H), 8.16 8.11 (m, 2H), 7.89 7.83 (m, 2H), 7.50 (s, 1H}°F NMR (376 MHz, Acetone

de) -75.61;°C NMR (126 MHz, Acetonels) U , 1989, 142.8 1408, 129.3, 12817 128.2

(m), 127.9, 123, 124.1 (g, = 288.1 Hz), 122, 781 (p,J = 29.8 Hz); HRMS (ESI+jn/zCalcd.

for Cr4HsCIFsN4O2 (M+H)* 413.0234, found 413.0232.

5-((4-(1,1,1,3,3,3hexafluoro-2-hydroxypropan-2-yl)phenyl)amino)-[1,2,5]oxadiazolo[3,4

b]pyridin -6-0l (3.11d Synthesied following general procedure8to yield the title compound

as yellow solid (68 mg, 20%) NMR (400 MHz, Acetonas) o 11. 07 (s, 1H), 9
i 8.05 (M, 2H), 7.82 7.74 (m, 2H), 7.42 (s, 1H), 6.53 (s, 1M NMR (376 MHz, Acetonels)

U-75.691°C NMR (126 MHz, Acetonals) U 1 6 11521,142P @406, D282, 1258, 123.9

(q,J = 287.7 Hz), 12@, 101.3, 77.8 (pJ = 29.7 Hz); HRMS (ESI+n/zCalcd. for GaHoFeN4Os

(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[3,4b]pyridin -5-amine (3.109.

Synthesized following genarproceduret.7to yield the title compound as an orange solid (120.9

mg, 67% yield)'H NMR (400 MHz, Acetone&ls) U 9. 11 (s, 1HBO2(B . 49 ( s
2H), 7.78i 7.70 (m, 4H), 7.27 7.21 (m, 2H);*°F NMR (376 MHz, Acetonels) -117.30i -

117.39 (M);*3C NMR (126 MHz, Acetonals) U (0,63 244.7 Hz), 157.9154.0, 142.9,

1385, 1377 (d,J = 2.9 Hz) 1296 (d, J = 8.2 Hz), 18.0, 124.9, 14.0, 1166 (d, J = 21.5 Hz);

HRMS (ESI+)m/zCalcd. for G7H11CIFN4O (M+H)* 341.0599, found 341.0571.

5-((4'-fluoro-[1,1'-biphenyl]-4-yl)amino)-[1,2,5]oxadiazolo[3,4b]pyridin -6-0l (3.11¢

Synthesized following general proceddr8to yield the title compound as yellow solid (24 mg,

21%)."H NMR (400 MHz, Acetonals) U 11. 00 (s, 1HY=s83MHz2ME), (s, 1
7.73i 7.62 (m, 4H), 7.25 7.17 (m, 2H), 6.51 (s, 1H)°F NMR (376 MHz, Acetonals) -1117.71

i -117.84 (m);"*C NMR (126 MHz, Acetonals) U 2 (1,6 3 244.2 Hz), 161.5, 161.1, 140.9

(d, = 1.5 Hz), 140.2, 137.8d, J = 3.6 Hz), 135.8, 129.@1, J = 8.3 Hz), 128.0121.7, 116.4d,

J = 21.7 Hz), 101.57; HRMS (ESI+h/z Calcd. for GH12FN4O2 (M+H)* 323.0938, found

323.0916.
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6-chloro-N-(3,4-dimethylphenyl)-[1,2,5]oxadiazolo[3,4b]pyridin -5-amine (3.104).

Synthesized following general proceddr& to yield the title compound as an orange solid (289

mg, 99%) H NMR (400 MHz, Acetonals) U 8. 86 (s, 1iH)65(MBLH)4762 (s, 1
i 7.59 (m, 1H), 7.17 (d] = 8.1 Hz, 1H), 2.28 2.27 (m, 3H), 2.26 (s, 3H}3*C NMR (126 MHz,

Acetoneds) a4 158. 0, 154. 0, 142. 8, 137. 71212126&% . 7, 1:

194; HRMS (ESI+)m/zCalcd. for GaH12CiN4O (M+H)* 275.0694, found 275.0691.

5-((3,4-dimethylphenyl)amino)-[1,2,5]oxadiazolo[3,4b]pyridin -6-0l  (3.11f. Synthesized
following general procedur4.8to yield the title compounds yellow solid (19.5 mg, 109

NMR (500 MHz, Acetoneds) o 11. 35 (s, 1H)Y=582824H8 1H),9.78(skH) , 7

1H), 7.16 (d,J = 8.2 Hz, 1H), 7.10 (s, 1H), 2.28 (s, 3H), 2.25 (s, 3AF NMR (126 MHz,
Acetoneds)y U 156.2, 153.2, 148. 1, 1232% Bl9.G 97.9129,7. 5, 1

19.2 HRMS (ESI+)m/zCalcd. for GaH13N4O2 (M+H)* 257.1033, found 257.1021.

N-(4-(tert-butyl)phenyl)-6-chloro-[1,2,5]oxadiazolo[3,4b]pyridin -5-amine (3.109.
Synthesized following general procedurd to yield thetitle compound as yellow solid (156.9
mg, 98% yield)'H NMR (400 MHz, Acetonals) U 8. 94 (s, 1iHBOMH)42 ( s,

7.50i 7.44 (m, 2H), 1.34 (s, 9HY°C NMR (126 MHz, Acetonels) o 15 7149.1, 142.8 4 . O
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136.4, 129.51264, 124.7, 123.4, 35.1, 31.ARMS (ESI+)m/zCalcd. for GsH16CIN4O (M+H)*

303.1007, foud 303.0999.

5-((4-(tert-butyl)phenyl)amino)-[1,2,5]oxadiazolo[3,4b]pyridin -6-0l (3.119. Synthesized
following general proceduré.8 to yield the title compound as yellow solid (37 mg, 25%).
NMR (500 MHz, Acetonadg) i 10. 92 (s, 1H) J=&4Hz,2H)(7s44 7.3DH) , 7.
(m, 2H), 6.44 (s, 1H), 1.32 (s, 9HJC NMR (126 MHz, Acetonels) U 161 .5, 161. 1,
140.9, 138.0126.4, 1214, 1013, 35.0, 31.7; HRMS (ES) m/z Calcd. for @H1eN4O2 (M-H)

284.1273, found 284.1266.
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6-((2-fluorophenyl)amino)1,2,5]oxadiazolo[3,4]pyridin-5-ol *H NMR (3.84)
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6-((2-fluorophenyl)amino)1,2,5]oxadiazolo[3,4]pyridin-5-ol 1°F NMR (3.83)
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6-((2-fluorophenyl)amino)1,2,5]oxadiazolo[3,4]pyridin-5-ol 13C NMR (3.83)
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6-((3-fluorophenyl)amino)1,2,5]oxadiazolo[3,4]pyridin-5-ol *H NMR (3.8b)
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6-((3-fluorophenyl)amino)1,2,5JoxadiazoloB,4-b]pyridin-5-ol 1°F NMR (3.8b)
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6-((3-fluorophenyl)amino)1,2,5]oxadiazolo,4-b]pyridin-5-ol 13C NMR (3.8b)
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N-(4-fluorophenyl}5-methoxy[1,2,5]oxadiazolo[3,4]pyridin-6-amine *H NMR (3.89
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N-(4-fluorophenyl}5-methoxy[1,2,5]oxadiazolo[3,4]pyridin-6-amine'*C NMR (3.89
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6-((2,3-difluorophenyl)amino)1,2,5]oxadiazolo[3,4]pyridin-5-ol 1°F NMR (3.8d)
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6-((2,4-difluorophenyl)amino)1,2,5]oxadiazolo[3,4]pyridin-5-ol *H NMR (3.8
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6-((2,4-difluorophenyl)aminoy1,2,5]oxadiazolo[3,4]pyridin-5-ol 13C NMR (3.8
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6-((2,5-difluorophenyl)aminoy1,2,5]oxadiazolo[3,4]pyridin-5-ol 1°F NMR (3.8)
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6-((2,6-difluorophenyl)aminoy1,2,5]oxadiazolo[3,4]pyridin-5-ol *H NMR (3.89)

ITQNINERgSe Neg 9000

8500
8000

7500

7000
HI
N
= \ 6500
o

~x ~ N/ 6000
5500
5000
4500
4000
3500
3000
2500
2000
1500

1000

500
A ro

¢ i 4 500

6-((2,6-difluorophenyl)aminoy1,2,5]oxadiazolo[3,4]pyridin-5-ol °F NMR (3.89

3200

3000
2800

F 2600
= N (2400
+2200
2000
1800
t 1600
1400
t1200
1000
800
600
F-400

200

é_ F-200
S

T T T T T T T T T T T T T T T T T T T T T T T
-80 90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200
f1 (ppm)

141



6-((2,6-difluorophenyl)aminoy1,2,5]oxadiazolo[3,4]pyridin-5-ol 13C NMR (3.89
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6-((3,4-difluorophenyl)amino)1,2,5]oxadiazolo[3,4]pyridin-5-ol 1°F NMR (3.8h)
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6-((3,5-difluorophenyl)anno)-[1,2,5]oxadiazolo[3,4]pyridin-5-ol *H NMR (3.8i)
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6-((3,5-difluorophenyl)amino)1,2,5]oxadiazolo[3}-b]pyridin-5-ol 13C NMR (3.8i)
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6-((2,3,4trifluorophenyl)aminoy1,2,5]oxadiazolo[3,4]pyridin-5-ol °F NMR (3.8))
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6-((2,4,6trifluorophenyl)aminoy1,2,5]oxadiazolo[3,4]pyridin-5-ol *H NMR (3.8K)
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6-((2,4,6trifluorophenyl)aminoy1,2,5]oxadiazolo[3,4]pyridin-5-ol 3C NMR (3.8K)
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6-((3,4,5trifluorophenyl)aminoy1,2,5]oxadiazolo[3,4]pyridin-5-ol °F NMR (3.8])
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6-((perfluorophenyl)amine)1,2,5]oxadiazolo[3,4]pyridin-5-ol *H NMR (3.8m)
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-
n

320

300

280

260

240

220

200

180

160

140

120

100

80

60

+40

20

g

0.99—
1.94—

o

-20

= o
o

T T T T T T T T T
80  -90 -100 -110 -120
1 (ppm)

150

T T T
-130 -140 -150 6

-170

T T
-180 -190 -200



6-((perfluorophenyl)amine)1,2,5]oxadiazolo[3,4]pyridin-5-ol 3C NMR (3.8m)
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6-((2-(trifluoromethyl)phenyl)amine]1,2,5]oxadiazolo[3,4]pyridin-5-ol *°F NMR (3.8n)
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6-((2-(trifluoromethyl)phenyl)amine]1,2,5]oxadiazolo[3,4]pyridin-5-ol *C NMR (3.8n)
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