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CHAPTER I 

 

DISCOVERY AND DEVELOPMENT OF NOVEL, SELECTIVE METABOTROPIC 

GLUTAMATE RECEPTOR 7 NEGATIVE ALLOSTERIC MODULATORS 

 

Background and Introduction 

G Protein-Coupled Receptors: Metabotropic Glutamate Receptors 

G protein-coupled receptors (GPCRs) encompass a wide variety of extracellular 

proteins that are responsible for detecting extracellular ligands and activating internal 

signal transduction pathways, resulting in specific cellular responses.1-3 Activation of 

GPCRs and the subsequent induction of these cellular responses have been shown to 

have direct effects on endocrinal signaling pathways, anti-inflammatory/immune 

responses, physiological homeostasis, human behavior, and the chemical senses of 

smell and taste.4-8 As of 2016, 826 GPCRs have been identified from the human 

genome.3 Approximately 30% of the FDA-approved drugs target one of these GPCRs, 

reinforcing the notion of their attractive therapeutic potential.9 Given that GPCRs have 

the highest level of receptor expression in the central nervous system (CNS) coupled 

with the prevalence and burden of CNS disorders, recent effort has focused on targeting 

CNS GPCRs as potential therapeutic targets.10-12  

Glutamate, the major excitatory and most abundant neurotransmitter in the CNS, 

is responsible for maintaining various physiological processes including 

neurotransmission, interneuron signaling, learning, memory, and cognitive function. 

Therefore, glutamate is regarded as one of the most important neurotransmitters 
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associated with neurological homeostasis.13-14 Regulation of glutamate is of paramount 

importance for normal physiological function.  The glutamatergic hypotheses of 

neurological disorders postulate that disturbances in glutamatergic neurotransmission 

are implemented in disorders such as schizophrenia, substance abuse, mood disorders, 

Alzheimerôs disease, and autism-spectrum disorders.15 This has led to increasing 

interest in a specific family of GPCRs, the metabotropic glutamate (mGlu) receptor 

family, as novel therapeutic targets.16-18      

The mGlu receptors are widely distributed within the central nervous system 

(CNS) and are involved in modulating neuronal excitability and synaptic transmission.19-

20 mGlu receptors belong to the Class C family of GPCRs. These receptors possess a 

large extracellular N-terminal domain that contains the endogenous ligand binding site 

(Venus flytrap domain), a cysteine-rich domain, a heptahelical transmembrane domain, 

and an intracellular C-terminal domain responsible for interacting with specific 

heterotrimeric G proteins consisting of Ŭ, ɓ, and ɔ subunits (Figure 1.1).19 The mGlu 

Figure 1.1: Generic representation of mGlu receptor homodimer 
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receptors exist and function as either constitutive homodimers or heterodimers.21-22   

The Venus flytrap domain (VFD) is responsible for binding the endogenous 

ligand glutamate and consists of two lobes.21,23-24 The name for this N-terminal domain 

is derived from the way these two lobes ñbiteò down onto glutamate after ligand binding. 

The cysteine rich domain (CRD) consists of nine important cysteine residues. Eight of 

these cysteine residues are linked together via disulfide bonds.25 Upon binding of 

glutamate, a new disulfide bond between the ninth cysteine residue of the CRD and a 

cysteine residue found in one of the lobes of the VFD is formed. The new disulfide bond 

results in conformational changes within the receptor.26 This conformational change is 

propagated through the CRD and the heptahelical domain, also referred to as the 

seven-transmembrane domain (7-TM), to the C-terminal domain of the receptor.19 As a 

result, the G protein associated with the C-terminal domain is enabled to act as a 

guanine nucleotide exchange factor (GEF).27 In the inactive state, the GŬ subunit of the 

heterotrimeric G protein is bound to guanosine diphosphate (GDP). Binding of 

glutamate and the subsequent conformational changes enable GEF activity and result 

in the exchange of GDP for guanosine triphosphate (GTP).27 The G-protein is now 

considered to be ñactivatedò, and the GŬ subunit dissociates from the Gɓɔ dimeric 

subunit. Both the liberated GŬ and Gɓɔ are capable of activating different second 

messenger cascades depending on the nature of the parent mGlu receptor/G protein 

pair.28                

The eight mGlu receptors are divided into three groups based upon their 

sequence homology, pharmacology, and signal-transduction mechanisms. Group I 

contains mGlu1 and mGlu5, Group II contains mGlu2 and mGlu3, while Group III contains 
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mGlu4, mGlu6, mGlu7, and mGlu8.19 Group I mGlu receptors are primarily located on 

postsynaptic terminals and couple to Gq/11, which leads to the activation of 

phospholipase Cɓ.19 This results in the hydrolysis of phosphoinositides within the 

plasma membrane leading to the formation of inositol 1,4,5-triphosphate (IP3) and 

diacyl glycerol. IP3 results in the activation of calcium channels and increases 

intracellular [Ca2+], while diacyl glycerol participates as a cofactor for the activation of 

protein kinase C.29-31 This increase in intracellular [Ca2+] can promote neuronal 

excitability.32 In contrast to Group I mGlu receptors, both Group II and Group III mGlu 

receptors are primarily located on presynaptic terminals and couple to Gi/o.33 Upon 

activation of Gi/o, the liberated GŬ subunit inhibits adenylyl cyclase, causing a reduction 

of intracellular cyclic adenosine monophosphate (cAMP).34 The Gɓɔ dimer is capable of 

modulating the activity of ion channels, leading to a decrease in intracellular [Ca2+] and 

an increase in [K+].34 This decrease in intracellular [Ca2+] can inhibit neurotransmitter 

release.35  

Metabotropic Glutamate Receptor 7 (mGlu7) and Known Physiological Roles 

Considerable effort and progress has been made in assigning potential 

therapeutic roles for all of the mGlu receptors. While much effort has been devoted to 

the exploration of the physiological roles and therapeutic potentials of both group I and 

group II mGlu receptors, much is still unknown regarding the physiology of group III 

mGlu receptors.36 Of these group III mGlu receptors, perhaps the least is known about 

mGlu7. Preliminary genetic knockout experiments have associated mGlu7 with 

neuropsychiatric disorders (anxiety, depression, and schizophrenia), 
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neurodevelopmental disorders (epilepsy, ADHD, and autism), and normal cognitive 

development (learning and memory).37-45  

mGlu7 is localized to the active zone of excitatory presynaptic terminals and is 

primarily located in the neocortex, prefrontal cortex, hippocampus, and amygdala.38 

Unlike other Group III mGlu receptors, mGlu7 has a low affinity for glutamate (500 ɛM - 

1 mM), which led to the hypothesis that mGlu7 serves as an ñemergency brakeò for cells 

to avoid overstimulation and glutamatergic excitotoxicity.46-47 In addition to glutamatergic 

regulation, mGlu7 possesses heteroreceptor characteristics, with the ability to also 

influence GABAergic and monoamine (dopamine, serotonin, and epinephrine) 

regulation.39  

Due to its high level of conservation in mammalian species and hippocampal 

localization, mGlu7 has been implicated in important biological processes such as 

learning and memory; for example, Niswender and coworkers have discovered that 

activation of mGlu7 is critical for the induction of long-term potentiation (LTP) at 

hippocampal Schaffer collateral CA1 (SC-CA1) synapses.48 LTP is a persistent 

strengthening of synapses that occurs after certain types of stimulation parameters.49 

This persistent activity results in an increase in synaptic inter-transmission between 

these synapses, forming stronger synaptic connections.49 Since memories are believed 

to be formed via strengthening of synaptic connections, activation of mGlu7 has been 

hypothesized to play an important role in memory processes at SC-CA1 synapses.50   

One potential mechanism for LTP involves NMDA-receptor dependent processes 

(Figure 1.2).51 In this mechanism, postsynaptic AMPA receptors are activated by the 
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release of glutamate and result in the influx of Na+ into the cell. As more glutamate is 

released via more frequent action potentials, more Na+ can enter into the cell and 

results in the removal of the voltage-dependent Mg2+ block of NMDA receptors. The 

influx of Ca2+ through these ñopenedò NMDA receptors results in the expression of more 

AMPA receptors on the postsynaptic terminal. Due to the presence of these additional 

AMPA receptors, response to glutamate is increased which strengthens the synaptic 

connection.51 In the present case of SC-CA1 synapses, Niswender and coworkers 

found that activation of mGlu7 results in the inhibition of GABA release from inhibitory 

synapses. It is this disinhibition mechanism that enables the induction of LTP at these 

Figure 1.2: NMDA-receptor dependent mechanism of LTP 
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SC-CA1 synapses.48           

Orthosteric vs. Allosteric Probe Development Strategies  

 In order to further probe the physiological relevance of mGlu7, fully selective in 

vivo tool compounds for mGlu7 must be developed. Traditional probe development 

approaches involve targeting the orthosteric site where the endogenous ligand binds. In 

this case, a small molecule that binds to the orthosteric site and activates the receptor is 

referred to as an agonist.52 On the other hand, a small molecule that competes with the 

endogenous ligand for binding to the orthosteric site and antagonizes the receptor is 

referred to as an antagonist.52 Both agonists and antagonists can be exemplified in the 

ñlight switchò analogy. An agonist can be thought of as turning a light switch ñonò 

(activation of the receptor), while an antagonist can be thought of as turning a light 

switch ñoffò (prevention of activation of the receptor). While this orthosteric ligand 

development method can be useful for certain scenarios, it can complicate matters 

when the therapeutic window for receptor activation is small and subtype selectivity is 

crucial.53 For example, xanomeline, a muscarinic acetylcholine receptor 1 and 4 

(M1/M4)-preferring orthosteric agonist, was developed in hopes of improving cognition in 

schizophrenia patients.54 However, the following side effects were observed in patients 

(diarrhea, urination, muscle weakness, bronchorrhea, bradycardia, emesis, lacrimation, 

and salivation) which were indicative of cholinergic toxicity.54-55 This was attributed to 

overactivation of the muscarinic receptors and off-target activity at M2 and M3 

receptors.54-55          

Traditional orthosteric ligand development strategies cannot be used for 

developing effective in vivo tool compounds for mGlu7 for additional reasons. Pursuing 
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orthosteric analogs of the endogenous ligand glutamate would result in the formation of 

amino acid-like small molecules which would suffer from poor in vivo pharmacokinetic 

(PK) properties. These small, charged molecules would suffer from high hepatic 

clearance and would not be able to cross the blood brain barrier following traditional 

administration pathways. To further exacerbate this problem, the orthosteric binding site 

of all mGlu receptors is highly conserved, which would not enable the required level of 

subtype selectivity needed for interrogating the physiological importance of a single 

mGlu receptor.19 

 In order to achieve this level of subtype selectivity amongst the mGlu receptors, 

an allosteric modulation strategy is the preferred method.56 As a whole, allosteric 

modulators bind to a site which is distinct from the orthosteric site (Figure 1.3). For 

mGlu receptors, these allosteric binding sites are usually found within the 7-TM 

domain.57-59 Binding of an allosteric modulator within the 7-TM domain results in new 

interactions between the ligand and specific amino acid residues (referred to as the 

Figure 1.3: Orthosteric and putative allosteric binding sites for mGlu receptors  
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ñtrigger switchò and the ñtransmission switchò domains) which results in conformational 

changes of the receptor.60       

Allosteric modulators can be classified as either positive allosteric modulators 

(PAMs), negative allosteric modulators (NAMs), or neutral allosteric ligands (NALs). 

Upon binding of an allosteric modulator, the effect that the endogenous ligand has on 

the native receptor can be either potentiated (PAM) or antagonized (NAM).61 This is 

possible because these allosteric modulators can stabilize either active confirmations of 

the receptor that promote orthosteric ligand binding (PAMs) or inactive confirmations of 

the receptor that hinder orthosteric ligand binding (NAMs).61 This can be described by 

the mathematical relationship presented in the allosteric ternary complex model shown 

in Figure 1.4.62 As a result, PAMs are capable of increasing the potency and/or efficacy 

of an orthosteric agonist when that orthosteric agonist is present (positive cooperativity), 

while NAMs reduce the affinity and/or efficacy of an orthosteric agonist when that 

orthosteric agonist is present (negative cooperativity).63 In the case of a NAL, the 

allosteric ligand will bind and occupy an allosteric site but will neither potentiate nor 

Figure 1.4: Representative allosteric ternary complex model   
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antagonize the effect that the endogenous ligand has on the native receptor. As 

opposed to the ñlight switchò analogy for orthosteric agonists and antagonists, allosteric 

modulators can be described using the ñdimmer switchò analogy. The specific level of 

activity of a receptor can be modulated to a certain degree in either direction as 

opposed to defined ñonò and ñoffò states. Therefore, the modulatory capability of 

allosteric ligands, combined with their potential subtype selectivity, make them the 

preferred probe development strategy for studying the physiological roles of mGlu7.              

 mGlu7 Tool Compounds: Negative Allosteric Modulators and Allosteric Antagonists    

The majority of data associated with mGlu7 prior to 2005 came from genetic 

knockout experiments. mGlu7 knockout mice have been shown to have epileptic, 

anxiolytic, and antidepressant phenotypes, deficits in learning, amygdala-dependent 

learning, amygdala-fear extinction response, impaired working memory, and 

conditioned taste aversion.37-45 Recently, significant effort has been devoted to the 

development of selective negative allosteric modulators (NAMs) and allosteric 

antagonists in order to elucidate and validate the pharmacology of mGlu7 (Figure 1.5). 

In 2007, isoxazolopyridone 1.1 (MMPIP) was discovered to be a potent mGlu7 NAM.64 

Figure 1.5: Known mGlu7 NAMs and allosteric antagonists 1.1-1.3 
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However, further investigation led to the discovery that 1.1 displays complex 

pharmacology in different cellular contexts (mGlu7 IC50 = 70 nM utilizing GŬ15 calcium 

mobilization assay versus mGlu7 IC50 = 718 nM utilizing GŬi/o thallium flux assay) and 

does not show in vitro efficacy in electrophysiology experiments performed at SC-CA1 

synapses.64-66 This complex pharmacology has precluded the further use of MMPIP as 

a viable mGlu7 tool compound. In 2013, ADX71743 (1.2) was discovered to be a potent 

mGlu7 NAM (rat mGlu7 IC50 = 88 nM and human mGlu7 IC50 = 63 nM) by Addex 

Therapeutics.67 ADX71743 (1.2) was subsequently utilized as an in vivo mGlu7 tool 

compound. Lütjens and coworkers were able to show that 1.2 displayed an anxiolytic-

like profile in mice using both the marble burying assay and the elevated plus maze 

assay.67 However, the low CNS penetrance of 1.2 required Lütjens and coworkers to 

dose the mice with relatively high dosing paradigms of 1.2 (50-150 mg/kg) via 

subcutaneous administration.67 In addition, 1.2 displayed weak mGlu2 activity in our cell 

assays and contains an undesirable ketone moiety.68 Most recently, 1.3 (XAP044), an 

allosteric antagonist, was reported in 2014.69 Interestingly, 1.3 was shown to engage a 

binding pocket localized to the Venus flytrap domain (VFD).70 However, 1.3 displayed 

weak mGlu7 activity (mGlu7IC50 = 5.5 ɛM) in comparison to 1.2. In addition, the 

isoflavone scaffold of 1.3 complicates the pharmacological interpretation around this 

molecule and analogs thereof. This scaffold has the potential to be a pan-assay 

interference compound (PAIN) via redox activity and should be avoided for optimization 

efforts.71 With all of these data, the further development of tool compounds for mGlu7 

devoid of aforementioned pitfalls is necessary to better understand the pharmacological 

complexities associated with this receptor.      
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Potential Therapeutic Avenue for mGlu7 NAMs: Anxiety-Related Disorders  

 According to the World Health Organization (WHO) in 2010, the leading cause of 

disability-adjusted life-years (DALYs) in the United States was attributed to 

neuropsychiatric disorders, a broad term encompassing mental, behavioral, and 

neurological deficits.72 Over the past decade, physicians have reported an exponential 

increase in patients presenting with such disorders or their corresponding symptoms. 

Therefore, immense effort has been devoted to unveiling the etiology of these diseases 

to elucidate potential therapeutic avenues. For example, one of the pioneering forms of 

treatment for broad anxiety disorders and depression is the use of selective serotonin 

reuptake inhibitors (SSRIs) such as Zoloft (1.4), Celexa (1.5), Prozac (1.6), and 

Cymbalta (1.7) (Figure 1.6). This therapy was developed in response to the serotonin 

hypothesis of depression, which attributed the presentation of anxiety and depression to 

deficits in brain serotonin levels.73-75 However, the clinical efficacy of SSRIs is variable, 

suggesting that the pharmacological mechanisms associated with this particular disease 

may be more complex than originally hypothesized.10,76-77 As such, additional 

hypotheses involving the major excitatory neurotransmitter, glutamate, the major 

inhibitory neurotransmitter, ɔ-aminobutyric acid (GABA), and their association with 

Figure 1.6: Commonly prescribed SSRIs 1.4-1.7 
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disease-state aberrant neuroplasticity, have been proposed to supplement the serotonin 

imbalance hypothesis.10,76-77 Recent attention has focused on the glutamatergic system, 

and in particular, metabotropic glutamate (mGlu) receptors, as potential therapeutic 

targets for the treatment of such neuropsychiatric disorders.11-12  

Given the localization of mGlu7 in the neocortex, prefrontal cortex, hippocampus, 

amygdala, and locus coeruleus, and the knowledge that mGlu7 knockout animals 

display anxiolytic profiles, it has been hypothesized that selective negative allosteric 

modulation of mGlu7 may be effective in eliciting anxiolytic behaviors and may provide 

an alternative therapeutic strategy for treating anxiety.78 However, mGlu7 knockout mice 

also display epileptic phenotypes.37 It has been shown that protein-protein interactions 

between mGlu7 and PICK1 and mGlu7 and ELFN1 are important for mGlu7 cell surface 

expression and cellular trafficking.79-83 Disruptions of these protein-protein interactions 

result in seizure phenotypes in mice.79-83 At this point, it is not clear whether or not 

mGlu7 NAMs would disrupt such protein-protein interactions and warrants further 

exploration before any therapeutic applications can be rationalized.    

Conclusion 

After conducting a high-throughput screening (HTS) campaign, we will identify 

novel mGlu7 NAM chemotypes that can be optimized through traditional medicinal 

chemistry approaches en route to a suitable tool compound. Structure-activity 

relationships (SAR) will be used to guide our chemical approaches, as there is no 

known crystal structure of the seven transmembrane domain of mGlu7. Although 

considerably more challenging, by targeting putative allosteric sites as opposed to the 

highly conserved orthosteric site, we hope to achieve the necessary subtype selectivity 
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required for in vitro and/or in vivo validation and behavioral studies.  The following 

sections of this chapter will summarize our efforts that led to the discovery of both novel 

in vitro and in vivo mGlu7 NAM tool compounds.  

  

Materials and Methods 

General Synthetic Methods and Instrumentation  

All NMR spectra were recorded on a 400 MHz AMX Bruker NMR spectrometer. 

1H and 13C chemical shifts are reported in ŭ values in ppm downfield with the deuterated 

solvent as the internal standard. Data are reported as follows: chemical shift, multiplicity 

(s = singlet, d = doublet, t = triplet, q = quartet, b = broad, m = multiplet), integration, 

coupling constant (Hz). Low resolution mass spectra were obtained on an Agilent 6120 

or 6150 with ESI source. MS parameters were as follows: fragmentor: 70, capillary 

voltage:  3000 V, nebulizer pressure:  30 psig, drying gas flow:  13 L/min, drying gas 

temperature:  350 ºC. Samples were introduced via an Agilent 1290 UHPLC comprised 

of a G4220A binary pump, G4226A ALS, G1316C TCC, and G4212A DAD with ULD 

flow cell. UV absorption was generally observed at 215 nm and 254 nm with a 4 nm 

bandwidth. Column: Waters Acquity BEH C18, 1.0 x 50 mm, 1.7 um. Gradient 

conditions: 5% to 95% CH3CN in H2O (0.1% TFA) over 1.4 min, hold at 95% CH3CN for 

0.1 min, 0.5 mL/min, 55 ºC. High resolution mass spectra were obtained on an Agilent 

6540 UHD Q-TOF with ESI source. MS parameters were as follows: fragmentor: 150, 

capillary voltage: 3500 V, nebulizer pressure: 60 psig, drying gas flow: 13 L/min, drying 

gas temperature: 275 ºC. Samples were introduced via an Agilent 1200 UHPLC 
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comprised of a G4220A binary pump, G4226A ALS, G1316C TCC, and G4212A DAD 

with ULD flow cell. UV absorption was observed at 215 nm and 254 nm with a 4 nm 

bandwidth. Column: Agilent Zorbax Extend C18, 1.8 µm, 2.1 x 50 mm. Gradient 

conditions: 5% to 95% CH3CN in H2O (0.1% formic acid) over 1 min, hold at 95% 

CH3CN for 0.1 min, 0.5 mL/min, 40 ºC. For compounds that were purified on a Gilson 

preparative reversed-phase HPLC, the system comprised of a 333 aqueous pump with 

solvent-selection valve, 334 organic pump, GX-271 or GX-281 liquid hander, two 

column switching valves, and a 155 UV detector. UV wavelength for fraction collection 

was user-defined, with absorbance at 254 nm always monitored. Method 1: 

Phenomenex Axia-packed Luna C18, 30 x 50 mm, 5 µm column. Mobile phase: CH3CN 

in H2O (0.1% TFA). Gradient conditions: 0.75 min equilibration, followed by user defined 

gradient (starting organic percentage, ending organic percentage, duration), hold at 

95% CH3CN in H2O (0.1% TFA) for 1 min, 50 mL/min, 23 ºC. Method 2: Phenomenex 

Axia-packed Gemini C18, 50 x 250 mm, 10 um column. Mobile phase: CH3CN in H2O 

(0.1% TFA). Gradient conditions: 7 min equilibration, followed by user defined gradient 

(starting organic percentage, ending organic percentage, duration), hold at 95% CH3CN 

in H2O (0.1% TFA) for 7 min, 120 mL/min, 23 ºC. All reagents were purchased from 

Aldrich Chemical Co. and were used without purification.  All final compounds were 

>98% pure by LCMS (254 nm, 214 nM and ELSD). Following these purification 

protocols, final compounds were transferred to a barcode vial and diluted to a 

concentration of 10 ɛM using molecular biology grade dimethylsulfoxide (DMSO). These 

compounds were registered into Dotmatics and assigned a VU identification number 

before being tested in the primary screening assay.  
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Primary Screening (Calcium Mobilization) Assay 

Human mGlu4/Gqi5/CHO cells (30,000 cells/20 ɛL/well), rat mGlu7/Ga15/HEK cells 

(15,000 cells/20 ɛL/well), and rat mGlu8/Ga15/HEK cells (15,000 cells/20 ɛL/well) were 

plated in black-walled, clear-bottomed, TC treated, 384 well plates (Greiner Bio-One, 

Monroe, NC) in DMEM containing 10% dialyzed FBS, 20 mM HEPES, 100 units/mL 

penicillin/streptomycin, and 1 mM sodium pyruvate (Plating Medium). The cells were 

grown overnight at 37 °C in the presence of 5% CO2. The next day, the medium was 

removed and replaced with 20 ɛL of 1 ɛM Fluo-4, AM (Life Technologies, Thermo 

Fisher Scientific, Grand Island, NY) prepared as a 2.3 mM stock in DMSO and mixed in 

a 1:1 ratio with 10% (w/v) pluronic acid F-127 and diluted in Assay Buffer (Hank's 

balanced salt solution, 20 mM HEPES and 2.5 mM Probenecid (Sigma-Aldrich, St. 

Louis, MO)) for 45 minutes at 37 ÁC. Dye was removed and replaced with 20 ɛL of 

Assay Buffer. For concentration-response curve experiments, compounds were serially 

diluted 1:3 into 10 point concentration response curves in DMSO, transferred to 

daughter plates using an Echo acoustic plate reformatter (Labcyte, Sunnyvale, CA)  

Echo, and diluted in Assay Buffer to a 2X final concentration. Calcium flux was 

measured using the Functional Drug Screening System 6000 or 7000 (FDSS6000/7000, 

Hamamatsu, Japan). After establishment of a fluorescence baseline for 4 seconds (4 

images at 1 Hz; excitation, 470 ± 20 nm; emission, 540 ± 30 nm), 20 µL of test 

compounds were added to the cells, and the response was measured. 142 seconds 

later, 10 µL (5X) of an EC20 concentration of glutamate was added to the cells, and the 

response of the cells was measured; after an additional 120 seconds, 12 µL (5X) of an 

EC80 concentration of agonist was added and readings taken for an additional 40 

seconds. Calcium fluorescence was recorded as fold over basal fluorescence and raw 
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data were normalized to the maximal response to glutamate. Potency (EC50) and 

maximum response (% Glu or L-AP4 Max) for compounds were determined using a four 

parameter logistical equation in GraphPad Prism (La Jolla, CA) or Dotmatics (XX.XX) 

software. For efficacy and selectivity experiments, a constant amount of compound was 

applied prior to the addition of a full glutamate concentration-response curve and the 

shift of the EC50 of the curves was calculated as ñfold shiftò. mGlu receptor selectivity 

profiling, and GIRK assay were performed as previously reported84-85, 45. 

In Vitro DMPK Methods: Intrinsic Clearance in Murine and Rat Liver Microsomes 

Murine or rat liver microsomes (0.5 mg/mL) and 1 µM test compound were 

incubated in 100 mM potassium phosphate pH 7.4 buffer with 3 mM MgCl2 at 37 ºC with 

constant shaking. After a 5 min preincubation, the reaction was initiated by addition of 

NADPH (1 mM). At selected time intervals (0, 3, 7, 15, 25, and 45 min), 50 µL aliquots 

were taken and subsequently placed into a 96-well plate containing 150 µL of cold 

acetonitrile with internal standard (50 ng/mL carbamazepine). Plates were then 

centrifuged at 3000 rcf (4 ºC) for 10 min, and the supernatant was transferred to a 

separate 96-well plate and diluted 1:1 with water for LC/MS/MS analysis. The in vitro 

half-life (T1/2, min, Eq. 1), intrinsic clearance (CLINT, mL/min/kg, Eq. 2) and subsequent 

predicted hepatic clearance (CLHEP, mL/min/kg, Eq. 3) were determined employing the 

following equations: 

(1)  

where k represents the slope from linear regression analysis of the natural log percent 

remaining of test compound as a function of incubation time 

k

Ln
T

)2(
2/1 =
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(2)  

 a scale-up factor that is species specific  

(3)  

where Qh (hepatic blood flow) is species specific.  

Mouse and Rat Plasma Protein Binding 

  The protein binding of each compound was determined in rat or mouse plasma 

via equilibrium dialysis employing HTDialysis Teflon dialysis chamber and cellulose 

membranes (MWCO 12-14 K) (HTDialysis LLC, Gales Ferry, CT). Plasma was added to 

the 96-well plate containing test compound and mixed thoroughly for a final 

concentration of 5 µM. Subsequently, 150 µL of the plasma-compound mixture was 

transferred to the dialysis chamber, with an accompanying 150 µL of phosphate buffer 

(25 mM, pH 7.4) on the other side of the membrane. The device plate was sealed and 

incubated for 4 hours at 37 ºC with shaking. At completion, aliquots from each chamber 

were diluted 1:1 with either plasma (for the buffer sample) or buffer (for the plasma 

sample) and transferred to a new 96-well plate, at which time ice-cold acetonitrile 

containing internal standard (50 ng/mL carbamazepine) (2 volumes) was added to 

extract the matrices. The plate was centrifuged (3000 rcf, 10 min) and supernatants 

transferred and diluted 1:1 (supernatant: water) into a new 96 well plate, which was then 

sealed in preparation for LC/MS/MS analysis. Each compound was assayed in triplicate 

within the same 96-well plate. Fraction unbound was determined using the following 

equation: 
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Mouse and Rat Brain Homogenate Binding  

The brain homogenate binding of each compound was determined in brain 

homogenate via equilibrium dialysis employing HTDialysis Teflon dialysis chamber and 

cellulose membranes (MWCO 12-14 K) (HTDialysis LLC, Gales Ferry, CT). Brain tissue 

homogenate was prepared by diluting one volume whole mouse or rat brain tissue with 

one to three volumes (species specific) of phosphate buffer (25 mM, pH 7.4). The 

mixture was then subjected to mechanical homogenization employing a Mini-

BeadbeaterÊ and 1.0 mm Zirconia/Silica Beads (BioSpec Products). Brain homogenate 

spiked with test compound and mixed thoroughly for a final concentration of 5 

µM. Subsequently, 150 µL of the brain homogenate-compound mixture was transferred 

to the dialysis chamber with an accompanying 150 µL of phosphate buffer (25 mM, pH 

7.4) on the other side of the membrane. The block was sealed and incubated for 6 

hours at 37 ºC with shaking. At completion, aliquots from each side of the chamber were 

diluted 1:1 with either brain homogenate (to the buffer side) or buffer (to the brain 

homogenate side) in a new 96 well plate, at which time ice-cold acetonitrile containing 

internal standard (50 ng/mL carbamazepine) was added to extract the matrices. The 

plate was centrifuged (3000 rcf, 10 min) and supernatants transferred and diluted 1:1 

(supernatant: water) into a new 96 well plate, which was then sealed in preparation for 

LC/MS/MS analysis. Each compound was assayed in triplicate within the same 96-well 

plate. Fraction unbound was determined using the following equation: 

plasma

buffer

u
Conc

Conc
F =
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Where Fu,hom represent the measured fraction unbound in the diluted homogenate and 

Df represents dilution factor. 

Metabolite Identification in Rat Hepatic S9 

Compound 11a was incubated with rat hepatic S9 fractions (5 mg/mL) +/- 

NADPH and +/- UDPGA and PAPs.  Substrates (5 or 20 ɛM) were incubated at 37 °C in 

borosilicate glass test tubes under ambient oxygenation for 60 minutes in a potassium 

phosphate-buffered reaction (100 mM, pH 7.4) containing hepatic S9 from rat and 

MgCl2 (3 mM).  The total incubation volume was 0.5 mL.  Reactions were initiated by 

the addition of substrate, terminated with the addition of 2 volumes of ice-cold 

acetonitrile, and subsequently centrifuged at 4000 rcf for 10 min. The resulting 

supernatants were dried under a stream of nitrogen and reconstituted in initial mobile 

phase in preparation for LC/MS analysis. 

LC/MS/MS Analysis of Samples from In Vitro Assays 

Samples were analyzed via electrospray ionization (ESI) on an AB Sciex API-

4000 (Foster City, CA) triple-quadrupole instrument that was coupled with Shimadzu 

LC-10AD pumps (Columbia, MD) and a Leap Technologies CTC PAL auto-sampler 

(Carrboro, NC). Analytes were separated by gradient elution using a Fortis C18 3.0 x 50 

mm, 3 µm column (Fortis Technologies Ltd, Cheshire, UK) thermostated at 40 ºC. 

HPLC mobile phase A was 0.1% formic acid in water (pH unadjusted), mobile phase B 

was 0.1% formic acid in acetonitrile (pH unadjusted). The gradient started at 10% B 

after a 0.2 min hold and was linearly increased to 90% B over 1.2 min; held at 90% B for 

fu

f

tissueu
DF

D
F

/1)1/1(

/1

hom,

,
+-

=



21 
 

0.1 min and returned to 10% B in 0.1 min followed by a re-equilibration (0.9 min). The 

total run time was 2.5 min and the HPLC flow rate was 0.5 mL/min. The source 

temperature was set at 500 ºC and mass spectral analyses were performed using 

multiple reaction monitoring (MRM), with transitions specific for each compound utilizing 

a Turbo-Ionspray® source in positive ionization mode (5.0 kV spray voltage).   

In Vivo PK Methods  

All rodent PK experiments were conducted in accordance with the National 

Institute of Health regulations of animal care covered in Principles of Laboratory Animal 

Care (National Institutes of Health publication 85-23, revised 1985) and were approved 

by the Institutional Animal Care and Use Committee. 

Time Course PK and Single Time Point Tissue Distribution Studies 

IV cassette PK experiments in rats were carried out according to methods 

described previously.86 Briefly, a cassette of compounds (n = 4ï5/cassette) were 

formulated from 10 mM solutions of compounds in DMSO. In order to reduce the 

absolute volume of DMSO that was administered, the compounds were combined and 

diluted with ethanol and PEG 400 to achieve a final concentration of 0.4ï0.5 mg/mL for 

each compound (2 mg/mL total) administered in each cassette. The final dosing 

solutions consisted of approximately 10% ethanol, 40% PEG400, and 50% DMSO (v/v). 

For time course PK studies, each cassette dose was administered IV via the jugular 

vein to two dual-cannulated (carotid artery and jugular vein) adult male Spragueï

Dawley rats, each weighing between 250 and 350 g (Harlan, Indianapolis, IN) for a final 

dose of 0.2ï0.25 mg/kg per compound. Whole blood collections via the carotid artery 

were performed at 0.033, 0.117, 0.25, 0.5, 1, 2, 4, 7, and 24 hours post dose and 
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plasma samples prepared for bioanalysis.  For single time point tissue distribution 

studies, compounds were formulated as described above (in cassette format) and 

dosed to male Sprague-Dawley rats for a final dose of 0.2-0.25 mg/kg per compound.  

Brain dissection and blood collections via the carotid artery were performed 0.25 hr post 

dose.  The brain samples were rinsed in PBS, snap frozen and stored at -80 °C.  Prior 

to LC/MS/MS analysis, brain samples were thawed to room temperature and subjected 

to mechanical homogenation employing a Mini-BeadbeaterÊ and 1.0 mm 

Zirconia/Silica Beads (BioSpec Products). 

Mouse Tissue Distribution Studies 

Tissue distribution studies with compound-in mice were performed by formulating 

the compound in 20% BCD and dosing via intraperitoneal injection to 20 week old male 

C57/Bl6 mice (3-4 per time point). At 0.5 hours post dose, animals were euthanized and 

decapitated, blood was collected via cardiac puncture and the brains were removed, 

thoroughly washed in cold phosphate-buffered saline, and immediately frozen on dry 

ice.  

Plasma and Brain Sample Preparation 

  Plasma was separated by centrifugation (4000 rcf, 4 ºC) and stored at ï80 ºC 

until analysis. On the day of analysis, frozen whole brains were weighed and diluted 

with 1:3 (w/w) parts of 70:30 isopropanol:water. The mixture was then subjected to 

mechanical homogenation employing a Mini-BeadbeaterÊ and 1.0 mm Zirconia/Silica 

Beads (BioSpec Products) followed by centrifugation. The sample extraction of plasma 

(20 ɛL) or brain homogenate (20 ɛL) was performed by a method based on protein 

precipitation using three volumes of ice-cold acetonitrile containing an internal standard 
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(50 ng/mL carbamazepine). The samples were centrifuged (3000 rcf, 5 min) and 

supernatants transferred and diluted 1:1 (supernatant: water) into a new 96-well plate, 

which was then sealed in preparation for LC/MS/MS analysis. 

LC/MS/MS Bioanalysis of Samples from In Vivo Assays 

In vivo samples were analyzed via electrospray ionization (ESI) on an AB Sciex 

API-4000 (Foster City, CA) triple-quadrupole instrument that was coupled with 

Shimadzu LC-10AD pumps (Columbia, MD) and a Leap Technologies CTC PAL auto-

sampler (Carrboro, NC). Analytes were separated by gradient elution using a Fortis C18 

3.0 x 50 mm, 3 µm column (Fortis Technologies Ltd, Cheshire, UK) thermostated at 40 

ºC. HPLC mobile phase A was 0.1% formic acid in water (pH unadjusted), mobile phase 

B was 0.1% formic acid in acetonitrile (pH unadjusted). The source temperature was set 

at 500 ºC and mass spectral analyses were performed using multiple reaction 

monitoring (MRM), with transitions specific for each compound utilizing a Turbo-

Ionspray® source in positive ionization mode (5.0 kV spray voltage). The calibration 

curves were constructed, and linear response was obtained by spiking known amounts 

of test compound in blank brain homogenate or plasma. All data were analyzed using 

AB Sciex Analyst software v1.5.1. The final PK parameters were calculated by 

noncompartmental analysis using Phoenix (version 6.2) (Pharsight Inc., Mountain View, 

CA). 

Extracellular Field Potential Recordings  

The 6-week-old male C57BL/6J mice (The Jackson Laboratory) were 

anesthetized with isofluorane, and the brains were removed and submerged in ice-cold 

cutting solution containing the following (in mM): 230 sucrose, 2.5 KCl, 8 MgSO4, 0.5 
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CaCl2, 1.25 NaH2PO4, 10 D-glucose, 26 NaHCO3. Coronal slices containing the 

hippocampus were cut at 400 m using a Compresstome (Precisionary Instruments). 

Slices were transferred to a holding chamber containing NMDG-HEPES recovery 

solution (in mM) as follows: 93 NMDG, 2.5 KCl, 1.2 NaH2PO4, 30 NaHCO3, 20 HEPES, 

25 D-glucose, 5 sodium ascorbate, 2 thiourea, 3 sodium pyruvate, 10 MgSO4, 0.5 

CaCl2, pH 7.3, 305 mOsm, for 15 min at 32 °C. Slices were then transferred to a room 

temperature holding chamber for at least 1 h containing aCSF (in mM) as follows: 126 

NaCl, 1.25 NaH2PO4, 2.5 KCl, 10 D-glucose, 26 NaHCO3, 2 CaCl2, 1 MgSO4, 

supplemented with 600 M sodium ascorbate for slice viability. All buffers were 

continuously bubbled with 95% O2/5% CO2. Subsequently, slices were transferred to a 

30 °C submersion recording chamber where they were perfused with a CSF at a rate of 

2 mL/min. Borosilicate glass electrodes were pulled using a Flaming/Brown micropipette 

puller (Sutter Instruments) and had a resistance of 3ï5 Mɋ when filled with aCSF. 

Paired-pulse field EPSPs (fEPSPs) were recorded by from the stratum radiatum of CA1 

and evoked by electrical stimulation (200 ms duration, every 20 s) delivered through a 

concentric bipolar stimulating electrode placed near the CA3-CA1 border. Inputï output 

curves were generated for each slice, and the stimulation intensity was adjusted to 50% 

of the maximum response. VU6010608 was prepared in DMSO vehicle (0.05%). After a 

10 min baseline recording, 10 µM VU6010608 was bath-applied for 10 min followed by 

2 trains of high-frequency stimulation (HFS, 2 trains of 100 Hz, 20 sec inter-stimulus 

interval). All slopes calculated were normalized to the average slope calculated during 

the predrug period (percentage of baseline). 

Eurofins Lead Profiling Data 
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A radioligand binding panel of 68 targets (GPCRs, ion channels, transporters, 

and nuclear hormones) with data reported as % inhibition of radioligand binding at a 10 

ɛM concentration of VU6010608 and VU6012962 from two independent determinations.    

Behavioral Pharmacology: Animals 

All studies were carried out in accordance with the National Institute of Health 

Guide for the Care and Use of Laboratory Animals and approved by the Vanderbilt 

University Institutional Animal Care and Use Committee. Separate cohorts of C57Bl/6J 

male mice (8 weeks old) were used for behavioral testing. All mice were grouped 

housed on a 12:12 lightïdark cycle with lights on at 0600. All experiments were 

conducted during the light phase. Food and water were available ad libitum. 

Behavioral Pharmacology: Elevated Zero Maze (EZM)  

Mice received i.p. injections of either vehicle (10% Tween 80) or various doses of 

VU6012962 (VUô962; 1-10 mg/kg) 60 minutes prior to testing. To start the EZM test, 

mice were lowered by their tail and placed at a randomly chosen boundary between an 

open and a closed zone, facing the inside of the closed zone on the elevated circular 

platform (40 cm off the ground, 50 cm in diameter). Activity of the mouse was monitored 

for five minutes via an overheard camera connected to a computer in a separate room 

using video acquisition and ANY-maze analysis software (Stoelting, Wood Dale, IL, 

USA). Data analyzed included the time spent in the open versus closed arm, the total 

distance traveled in the maze, and the number of arm entries. Time spent in the open 

versus closed arm is shown as percentage of time in open to total time. Two mice were 

excluded from analysis due to sedative-like effects observed at the highest dose.  

Behavioral Pharmacology: Light-Dark Box  
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Sixty minutes prior to behavioral testing, mice received one of the following 

treatment conditions: vehicle (10% Tween 80; i.p.), 15 mg/kg fluoxetine (FLX; i.p.) or 3 

mg/kg VU6012962 (VUô962; i.p.). Mice were individually placed into sound-attenuating 

chambers (27.9 Ĭ 27.9 cm; MED-OFA-510; MED Associates, St. Albans, VT, USA) 

containing dark box inserts that split the chamber into light (~25 lux) and dark (<5 lux) 

halves (Med Associates ENV-511). Beam breaks from 16 infrared beams were recorded 

by Activity Monitor v5.10 (MED Associates) to monitor position and behavior during a 

10-min testing period. Data analyzed only included the first five minutes of the session 

and included total distance traveled and time spent in light to total time. Data are 

presented as Mean ± S.E.M and is shown as a ratio of time in light to total time 

Behavioral Pharmacology: Marble Burying Assay  

Mice were pretreated with either vehicle (10% Tween 80; i.p.), 15 mg/kg 

fluoxetine (FLX; i.p.) or 3 mg/kg VU6012962 (VUô962; i.p.). Forty-five minutes after 

injection, mice habituated for 15 minutes to 2.5 cm Diamond Soft Bedding (Harlan 

Teklad, Madison, WI, USA). Mice were then placed back in Plexiglass cages in which 

15 blue marbles (14 mm diameter) were distributed in a 3 x 5 layout with 1.5 cm 

between each marble on top of the Diamond Soft Bedding. The amount of marbles 

buried was quantified following a 30 minute interval. The mice were then removed from 

the cages and the number of buried marbles was counted by two blinded experimenters 

using a criterion of greater than 2/3rd covered by bedding. Data are presented as Mean 

± S.E.M.  Three mice were excluded from analysis for being outliers as assessed by the 

Grubbôs Outlier Test.  

Behavioral Pharmacology: Data Analysis  
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Behavioral data were analyzed by a one-way analysis of variance (ANOVA) 

followed by post hoc Dunnettôs multiple comparison test unless otherwise specified. All 

statistical analyses were conducted with Prism GraphPad 6 (San Diego, CA, USA). 

Data sets in Prism were run through the Grubbôs test. Results are shown as Mean Ñ 

S.E.M. Statistical significance was set at P<0.05. 

 

Discovery and Development of Novel, Selective Metabotropic Glutamate Receptor 

7 Negative Allosteric Modulators 

High-Throughput Screening Campaign: Identification of VU6009748 

In order to explore novel chemotypes, a high-throughput screening (HTS) 

campaign was initiated on a 63,000-membered library to identify novel mGlu7 NAM 

scaffolds.68,84 A calcium mobilization assay was used to determine the in vitro potency 

and efficacy of compounds tested for mGlu7 activity. One of the HTS hits, VU6009748 

(1.8) (Figure 1.7), was of particular interest. Although 1.8 was a weak mGlu7 NAM 

Figure 1.7: Structure of HTS hit VU6009748 (1.8) and our proposed SAR strategy 
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(mGlu7 IC50 = 5.8 ɛM, 19% L-AP4min), it provided us with a novel N-(2-(1H-1,2,4-triazol-

1-yl)phenyl)benzamide chemotype. Figure 1.7 also depicts the initial strategy taken for 

lead optimization and exploration into the structure-activity relationship (SAR) for 

analogs in this series.68     

Initial SAR of Western Aromatic Ring: Analogs 1.13-1.34  

 To begin our SAR campaign, we elected to first focus on the western aromatic 

ring of 1.8. Specifically, we wanted to examine additional analogs containing different 

electron-withdrawing and electron-donating groups with different aromatic substitution 

patterns. The synthesis of analogs of this nature was facile (2 steps), allowing for the 

rapid generation of analogs (Scheme 1.1). Commercially available anilines 1.9 were 

reacted with 3,4-dimethoxybenzoic acid 1.10 under microwave-assisted PyClU-

mediated amide coupling conditions to form amides 1.11. Modified Ullmann coupling 

conditions using diamine ligand 1.12 were then utilized to access analogs 1.13-1.34.87 

SAR data is shown below in Table 1.1.    

 

 

Scheme 1.1: SAR of western aromatic ring - synthesis of analogs 1.13-1.34 
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Ar =  
Compound  

Number VUID 
mGlu7 

 IC50 (ɛM) 
mGlu7  

% L-AP4min 

 

  

1.13 VU6010276 Inactive N/A 

 

  

1.14 VU6010277 Inactive N/A 

  

1.15 VU6010278 > 10 51% 

 

  

1.16 VU6010279 Inactive N/A 

 

  

1.17 VU6010280 > 10 51% 

 

  

1.18 VU6010603 > 10 38% 

 

  

1.19 VU6010606 > 10 63% 
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1.20 VU6010607 > 10 49% 

 

  

1.21 VU6012570 Inactive N/A 

 

  

1.22 VU6014051 Inactive N/A 

  

1.23 VU6010608 0.759 15% 

  

1.24 VU6012960 Inactive N/A 

 

 

 

1.25 VU6012699 Inactive N/A 

 

  

1.26 VU6012568 > 10 55% 

  

1.27 VU6012961 > 10 48% 
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1.28 VU6013213 2.4 38% 

 

  

1.29 VU6014054 5.67 18% 

  

1.30 VU6014096 2.47 41% 

 

 

  

1.31 VU6014097 1.51 32% 

 

  

1.32 VU6014317 5.78 19% 

 

  

1.33 VU6014318 9.8 12% 



32 
 

 

  

1.34 VU6014319 1.17 11% 

  

As can be seen in Table 1.1, the vast majority of analogs synthesized (1.13-1.22) 

were either inactive at the mGlu7 receptor or had potency values (IC50) greater than 10 

ɛM. Incorporation of azaheterocycles (1.24-1.25) was also not tolerated. However, it 

was found that the incorporation of a trifluoromethoxy group at the 2-position 

(numbering scheme established in Table 1.1) (1.23) resulted in the most potent mGlu7 

NAM thus far with an mGlu7 IC50 = 759 nM and 15% L-AP4min. Cyclization onto the 

western aromatic ring as the geminal difluoro-acetal 1.26 resulted in considerable loss 

in potency. Swapping the trifluoromethoxy group for the isosteric difluoromethoxy group 

(analog 1.27) also resulted in loss of potency. Surprisingly, even the incorporation of a 

fluorine atom at the 3-position (analog 1.28) resulted in a ~3-fold loss in potency (mGlu7 

IC50 = 2.4 ɛM and 38% L-AP4min). Both sterically-hindered and cyclic alkyl groups have 

also been reported in the literature to serve as suitable bioisosteres for trifluoromethoxy 

groups.88 However, none of these analogs (1.29-1.34) showed improved potency over 

1.23.      

SAR of the Southern Heterocyclic Ring: Analogs 1.35-1.59 

 Next, we wanted to examine the effects that different 5- and 6-membered 

heterocycles would have on the activity of our analogs. The synthesis of analogs of this 

nature is shown in Scheme 1.2. Amides 1.11 proved to be competent coupling partners 

Table 1.1: SAR around the western aromatic ring ï analogs 1.13-1.34 
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in modified Ullmann reactions (to install N-linked heterocycles) and Suzuki or Stille 

reactions (to install C-linked heterocycles) en route to analogs 1.35-1.59 (Table 1.2).  

             

 

 

 

 

 

R =  Het 
Compound  

Number 
VUID 

mGlu7 
 IC50 (ɛM) 

mGlu7  
% L-AP4min 

Cl 

 

1.35 VU6010269 > 10 55% 

Cl 

 

1.36 VU6010270 Inactive N/A 

Cl 

 

1.37 VU6010271 > 10 48% 

Cl 

 

1.38 VU6010272 Inactive N/A 

Cl 

 

1.39 VU6010273 Inactive N/A 

Scheme 1.2: SAR of southern heterocyclic ring ï analogs 1.35-1.59. Reagents and conditions: a) 

azaheterocycle, K3PO4, CuI, DMF, 100 °C, 16 h, 51-68%; b) aryl- or heteroaryl-boronic acid, Cs2CO3, 

Pd(dppf)Cl2, 1,4-dioxane:H2O (4:1), 100 °C, 16 h, 63-87%; c) heteroaryl-stannane reagent, Pd(PPh3)4, 

1,4-dioxane, 100 °C, 16 h, 47-56%.    
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Cl 

 

1.40 VU6010403 Inactive N/A 

Cl 

 

1.41 VU6010404 Inactive N/A 

Cl 

 

1.42 VU6010405 Inactive N/A 

OCF3 

 

1.43 VU6011333 Inactive N/A 

OCF3 

 

1.44 VU6011334 Inactive N/A 

OCF3 

 

1.45 VU6011335 Inactive N/A 

OCF3 

 

  

1.46 VU6011462 Inactive N/A 

OCF3 

 

1.47 VU6011464 Inactive N/A 

OCF3 

 

1.48 VU6011465 Inactive N/A 

OCF3 

 

1.49 VU6011467 Inactive N/A 

OCF3 

 

1.50 VU6014007 Inactive N/A 
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OCF3 

 

1.51 VU6011457 Inactive N/A 

OCF3 

 

1.52 VU6011458 Inactive N/A 

OCF3 

 

1.53 VU6011342 Inactive N/A 

OCF3 

 

1.54 VU6011345 Inactive N/A 

OCF3 

 

1.55 VU6011459 Inactive N/A 

OCF3 

 

1.56 VU6011461 Inactive N/A 

OCF3 

 

1.57 VU6013214 Inactive N/A 

OCF3 

 

1.58 VU6013339 Inactive N/A 

OCF3 

 

1.59 VU6013906 Inactive N/A 

 

 

 The data in Table 1.2 show that the identity of the southern heterocycle is critical 

for maintaining activity at mGlu7. Various 5- and 6-membered heterocycles were 

Table 1.2: SAR of the southern heterocyclic ring ï analogs 1.35-1.59 
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surveyed (analogs 1.35-1.59), but all of these compounds were either inactive or 

showed very weak activity (> 10 ɛM). Therefore, the 1,2,4-triazole motif was kept 

constant for further analog exploration. We hypothesize that this 1,2,4-triazole 

heterocycle is involved in an intramolecular hydrogen bond (IMHB) with the N-H bond of 

the amide. This IMHB could place an important conformational restraint within our 

scaffold which is necessary for activity.  

SAR Around the Eastern Aromatic Ring: Analogs 1.63-1.96  

 Since we had yet to explore the effect of different substituents on the eastern 

aromatic ring of this scaffold, we implemented a synthetic route to accommodate the 

synthesis of analogs of this nature (Scheme 1.3). Commercially available aniline 1.60 

was coupled with various aryl- and heteroaryl- benzoic acids 1.61 via microwave- 

assisted PyClU-mediated amide coupling conditions. The resulting amides 1.62 were 

reacted with 1H-1,2,4-triazole under modified Ullmann coupling conditions to afford the 

desired analogs 1.63-1.96. The results of this SAR campaign are summarized below in 

Table 1.3.      

      

 

 

Scheme 1.3: Synthesis of analogs 1.63-1.96 
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Ar =  
Compound  

Number 
VUID 

mGlu7 
 IC50 (ɛM) 

mGlu7  
% L-AP4min 

 

  

1.63 VU6011109 Inactive N/A 

 

  

1.64 VU6011110 Inactive N/A 

 

  

1.65 VU6011112 Inactive N/A 

 

  

1.66 VU6011122 Inactive N/A 

 

  

1.67 VU6011113 Inactive N/A 

 

  

1.68 VU6011114 Inactive N/A 

 

  

1.69 VU6011135 Inactive N/A 

 

  

1.70 VU6011118 Inactive N/A 
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1.71 VU6011115 Inactive N/A 

 

  

1.72 VU6011118 Inactive N/A 

 

  

1.73 VU6011131 Inactive N/A 

 

  

1.74 VU6011214 Inactive N/A 

 

  

1.75 VU6011116 Inactive N/A 

 

  

1.76 VU6011209 Inactive N/A 

 

  

1.77 VU6011210 Inactive N/A 

 

  

1.78 VU6011208 > 10 60% 

 

  

1.79 VU6011329 Inactive N/A 
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1.80 VU6011129 > 10 61% 

 

  

1.81 VU6011211 Inactive N/A 

 

  

1.82 VU6011124 Inactive N/A 

 

  

1.83 VU6011128 Inactive N/A 

 

  

1.84 VU6011212 Inactive N/A 

 

  

1.85 VU6011213 Inactive N/A 

 

  

1.86 VU6011215 Inactive N/A 

 

  

1.87 VU6011126 Inactive N/A 

 

  

1.88 VU6011216 Inactive N/A 
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1.89 VU6011339 Inactive N/A 

  
1.90 VU6011343 Inactive N/A 

 

  

1.91 VU6012567 Inactive N/A 

 

  

1.92 VU6012694 Inactive N/A 

 

  

1.93 VU6012697 Inactive N/A 

 

  

1.94 VU6012698 Inactive N/A 

 

  

1.95 VU6014818 > 10 51% 

 

  

1.96 VU6015155 2.22 28% 

 Table 1.3: SAR of the eastern aromatic ring ï analogs 1.63-1.96 
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 As is common with trying to develop allosteric modulators of GPCRs, the SAR 

encountered was steep. In our case, attempts at cyclizing the two methoxy groups into 

either a 6-membered or 5-membered fused ring (analogs 1.63 and 1.64 respectively) 

led to inactive compounds. Additionally, different substituents on both aryl- and 

heteroaryl-groups were not tolerated (analogs 1.65-1.90). With this information, we 

accepted the necessity for the dimethoxy groups on this eastern aromatic ring; however, 

we also wanted to probe if different dimethoxy substituent patterns were viable 

alternatives. Unfortunately, analogs of this nature (1.91-1.94) were not active. Finally, a 

fluorine walk around this eastern aromatic ring (analogs 1.95-1.96) was also futile in 

producing an analog with improved potency when compared to 1.23. Analog 1.95 was 

significantly less active than analog 1.96. This observation lends credence to our 

intramolecular hydrogen bond (IMHB) hypothesis. Fluorine atom incorporation at this 

position in 1.95 can form a IMHB with the N-H bond of the amide, which can compete 

with the proposed IMHB between the N-H bond of the amide and one of the nitrogen 

atoms of the 1,2,4-triazole heterocycle.   

Assessment of VU6010608 (1.23) as a Viable Tool Compound 

1.23 was found to be highly selective for mGlu7 (mGlu1,2,3,4,5,6,8 IC50 > 10 ɛM) and 

displayed no ancillary pharmacology in a Eurofins lead profiling panel, meaning there 

was no off-target activity noted at 10 ɛM for 68 common GPCRs, ion channels, and 

transporters (Table 1.4). In addition, 1.23 had an attractive in vitro DMPK profile; 1.23 

possessed an acceptable clogP (clogP = 2.86), good CNS penetration (Kp = 3.4), and 

moderate predicted hepatic clearance in mice (CLhep = 48.5 mL/min/kg).  With these 

data, we were excited to further explore the utility of 1.23 as a mGlu7 tool compound. 
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Target/Protein Species % Inhibition 

Adenosine A1 Human 19 

Adenosine A2A Human -1 

Adenosine A3 Human 49 

Adrenergic Ŭ1A Rat 35 

Adrenergic Ŭ1B Rat 6 

Adrenergic Ŭ1D Human 10 

Adrenergic Ŭ2A Human 1 

Adrenergic ɓ1 Human 1 

Adrenergic ɓ2 Human 1 

Androgen (Testosterone) Human 9 

Bradykinin B1 Human 5 

Bradykinin B2 Human -18 

Calcium Channel L-Type, Benzothiazepine Rat 15 

Calcium Channel L-Type, Dihydropyridine Rat 29 

Calcium Channel N-Type Rat -3 

Cannabinoid CB1 Human 28 

Dopamine D1 Human 7 

Dopamine D2S Human 1 

Dopamine D3 Human 4 

Dopamine D4.2 Human 4 

Endothelin ETA Human 6 

Endothelin ETB Human -11 

Epidermal Growth Factor (EGF) Human -5 

Estrogen ErŬ Human 4 

GABAA, Flunitrazepam, Central Rat -10 

GABAA, Muscimol, Central Rat -3 

GABAB1A Human 17 

Glucocorticoid Human -4 

Glutamate, Kainate Rat 8 

Glutamate, NMDA, Agonism Rat 16 

Glutamate, NMDA, Glycine Rat 4 

Glutamate, NMDA, Phencyclidine Rat 14 

Histamine H1 Human 11 

Histamine H2 Human 3 

Histamine H3 Human -11 

Imidazoline I2, Central Rat 12 

Interleukin IL-1 Mouse 8 

Leukotriene, Cysteinyl CysLT1 Human 1 

Melatonin MT1 Human 10 

Muscarinic M1 Human 3 
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Muscarinic M2 Human 2 

Muscarinic M3 Human 6 

Neuropeptide Y Y1 Human 4 

Neuropeptide Y Y2 Human 1 

Nicotinic Acetylcholine Human -7 

Nicotinic Acetylcholine Ŭ1, Bungarotoxin Human -5 

Opiate ŭ1 (OP1, DOP) Human 3 

Opiate ə (OP2, KOP) Human 12 

Opiate ɛ (OP3, MOP) Human 6 

Phorbol Ester Mouse -1 

Platelet Activating Factor (PAF) Human -7 

Potassium Channel [KATP] Hamster 8 

Potassium Channel hERG Human 33 

Prostanoid EP4 Human 11 

Purinergic P2X Rabbit -1 

Purinergic P2Y Rat 4 

Rolipram Rat 45 

Serotonin (5-HT1A) Human 4 

Serotonin (5-HT2B) Human 14 

Serotonin (5-HT3) Human 49 

Sigma ů1 Human -4 

Sodium Channel, Site 2 Rat -1 

Tachykinin NK1 Human -22 

Thyroid Hormone Rat -11 

Transporter, Dopamine (DAT) Human 12 

Transporter, GABA Rat -3 

Transporter, Norepinephrine (NET) Human 15 

Transporter, Serotonin (SERT) Human 7 

 

Although 1.23 possessed only a moderate predicted in vitro hepatic clearance, in 

vivo clearance data in rats showed that there was poor in vitro: in vivo correlation (in 

vivo CLp = 64.2 mL/min/kg). Given the high in vivo clearance and low potency of 1.23 

(mGlu7 IC50 = 759 nM), we decided that 1.23 would not be an exceptional candidate for 

an in vivo mGlu7 tool compound.  Even though these data preclude 1.23 from being a 

Table 1.4: Eurofins lead profile panel for 1.23. Significant activity is defined as >50% inhibition 

at a 10 M˃ concentration of 1.23. Data courtesy of Eurofins.  



44 
 

viable in vivo tool compound, we still wanted to explore its utility as an in vitro probe. In 

electrophysiology experiments, administration of a mGlu7 NAM onto brain slices of 

Schaffer Collateral SC-CA1 synapses has been shown to block long-term potentiation 

(LTP), a process contingent upon the successful activation of mGlu7.48 Indeed, as 

shown in Figure 1.8, Branden Stansley found that administration of 1.23 was also 

capable of blocking LTP at SC-CA1 synapses in wild type brain slices.68 Given that 

mGlu7 is the only mGlu receptor expressed presynaptically at SC-CA1 synapses in adult 

animals, we were confident to say that 1.23 negatively modulates mGlu7 in this 

environment.48,68  

Addressing the Potential Metabolic Liabilities of 1.23: Discovery of VU6012962   

By analysis of the structure of 1.23, we hypothesized that the high in vivo 

clearance could be due to two potential metabolic pathways: 1) cytochrome p450-

mediated dealkylation/oxidation of the eastern 3,4-dimethoxy aryl ring or 2) amide 

hydrolysis (Figure 1.9). Therefore, two separate synthetic strategies were initiated in 

order to access analogs that could further address these issues.34 To further guide our 

Figure 1.8: VU6010608 (1.23) is capable of blocking the induction of LTP at SC-CA1 synapses. 

Data courtesy of Branden Stansley, Ph.D.68  
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efforts, metabolic ID studies were also initiated on 1.23 to determine the major mode(s) 

of metabolism and the resulting metabolite(s).    

 

 

 

 

In order to address the potential cytochrome p450-mediated 

dealkylation/oxidation sequence on the eastern 3,4-dimethoxy aryl ring, we 

hypothesized that invocation of either the kinetic isotope effect or increasing the steric 

environment around the dimethoxy-motif (AKA alternative alkoxy groups) might be 

sufficient strategies for mitigating such a mode of metabolism. In addition to increasing 

steric congestion, larger alkoxy substituents at these positions might also aid in 

achieving a tighter fit into an allosteric pocket. The synthesis of analogs with alternative 

alkyl groups at both the 3- and 4-position are described below in Scheme 1.4.  

Methyl isovanillate 1.97 and methyl vanillate 1.98 were alkylated with various 

alkyl halides under standard conditions. The corresponding esters 1.99 and 1.100 were 

hydrolyzed with lithium hydroxide, followed by a microwave-assisted PyClU-mediated 

amide coupling with aniline 1.60 to afford amides 1.103 and 1.104, respectively. 

Modified Ullmann coupling conditions were used to install the desired 1,2,4-triazole 

heterocycle, forming the desired both 3-alkoxy derivatives (1.105 ï 1.113) and 4-alkoxy 

Figure 1.9: Potential metabolic liabilities of VU6010608 (1.23) 
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derivatives (1.114 ï 1.132). The results of these efforts are summarized below in Table 

1.5.  

 

 

 

 

 

 

R1 =  R2 =  
Compound  

Number 
VUID 

mGlu7 
 IC50 (ɛM) 

mGlu7  
% L-AP4min 

CD3 CH3 1.105 VU6014321 1.0 13% 

Scheme 1.4: Synthesis of 3-alkoxy analogs 1.105-1.113 and 4-alkoxy analogs 1.114-1.132  
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CH3 CD3 1.106 VU6014320 1.0 13% 

CD3 CD3 1.107 VU6014322 1.4 13% 

 

  

CH3 1.108 VU6011347 > 10 46% 

 

  

CH3 1.109 VU6011349 Inactive N/A 

 

  

CH3 1.110 VU6011350 Inactive N/A 

 

  

CH3 1.111 VU6011356 > 10 N/A 

 

  

CH3 1.112 VU6011351 Inactive N/A 

 

  

CH3 1.113 VU6011328 Inactive N/A 

CH3 

 

1.114 VU6011121 0.51 11% 

CH3 

 

1.115 VU6010953 0.78 19% 

CH3 

 

1.116 VU6010955 0.78 14% 

CH3 

 

1.117 VU6012964 0.71 11% 

CH3 

 

1.118 VU6011353 1.06 12% 

CH3 

 

1.119 VU6012963 > 10 28% 

CH3 

 

1.120 VU6013341 > 10 41% 
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CH3 

 

1.121 VU6011111 1.4 10% 

CH3 

 

1.122 VU6013751 2.9 10% 

CH3 

 

1.123 VU6014315 > 10 46% 

CH3 

 

1.124 VU6011327 Inactive N/A 

CH3 

 

1.125 VU6013571 1.2 35% 

CH3 

 

1.126 VU6013572 > 10 25% 

CH3 

 

1.127 VU6012962 0.35 12% 

CH3 

 

1.128 VU6013215 1.4 15% 

CH3 

 

1.129 VU6014099 2.8 27% 

CH3 

 

1.130 VU6014100 > 10 57% 

CH3 

 

1.131 VU6013340 3.1 19% 

CH3 CF2H 1.132 VU6014316 > 10 48% 

 

 

First, a -OCD3 group was incorporated into the 3- (analog 1.105) and 4-positions 

(analog 1.106), and a bis ïOCD3 analog (1.107) was also synthesized to test the 

hypothesis that we can utilize the kinetic isotope effect to mitigate this potential mode of 

metabolism. However, no significant improvement in the predicted in vitro hepatic 

Table 1.5: Alternative alkoxy groups surveyed ï analogs 1.105-1.132 
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clearance was observed when compared to 1.23, leading us to conclude this would not 

be a viable solution for addressing clearance. Another strategy that was thought to 

potentially alter the rate of metabolism was increasing the steric environment around the 

two methoxy groups, which could slow the rate of cytochrome p450 enzyme activity. As 

a whole, alternative alkoxy groups at the 3-position (analogs 1.108-1.113) were not 

tolerated, as most of these compounds lost mGlu7 activity. However, we found that 

alternative alkoxy groups in the 4-position were tolerated well. In our efforts, we 

discovered that the incorporation of a lipophilic methylene cyclopropyl group, 

VU6012962 (1.127), led to a ~2-fold increase in potency (Figure 1.10). Additionally,  

1.127 was found to possess favorable DMPK properties with improved predicted 

hepatic clearance values (Figure 1.10). Like our previous in vitro tool compound (1.23), 

1.127 also possessed a high selectivity for mGlu7, with no activity observed at the other 

mGlu receptors (mGlu1,2,3,4,5,6,8 IC50 > 10 ɛM), while significant activity was only observed 

at one off-target receptor (Serotonin 5-HT2B) in a Eurofins lead profiling panel (Table 

1.6).     

 

 

 

 

 

 

Figure 1.10: Structure of VU6012962 (1.127) with respective DMPK parameters 
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Target/Protein Species % Inhibition 

Adenosine A1 Human 9 

Adenosine A2A Human -1 

Adenosine A3 Human 45 

Adrenergic Ŭ1A Rat -3 

Adrenergic Ŭ1B Rat -5 

Adrenergic Ŭ1D Human 8 

Adrenergic Ŭ2A Human -6 

Adrenergic ɓ1 Human 6 

Adrenergic ɓ2 Human 6 

Androgen (Testosterone) Human -9 

Bradykinin B1 Human -5 

Bradykinin B2 Human -5 

Calcium Channel L-Type, Benzothiazepine Rat -3 

Calcium Channel L-Type, Dihydropyridine Rat 14 

Calcium Channel N-Type Rat -5 

Cannabinoid CB1 Human 49 

Dopamine D1 Human 5 

Dopamine D2S Human 3 

Dopamine D3 Human -4 

Dopamine D4.2 Human 0 

Endothelin ETA Human 0 

Endothelin ETB Human -5 

Epidermal Growth Factor (EGF) Human 9 

Estrogen ErŬ Human -3 

GABAA, Flunitrazepam, Central Rat 3 

GABAA, Muscimol, Central Rat 23 

GABAB1A Human 5 

Glucocorticoid Human -4 

Glutamate, Kainate Rat -1 

Glutamate, NMDA, Agonism Rat 10 

Glutamate, NMDA, Glycine Rat -5 

Glutamate, NMDA, Phencyclidine Rat 8 

Histamine H1 Human -3 

Histamine H2 Human 2 

Histamine H3 Human -14 

Imidazoline I2, Central Rat 5 

Interleukin IL-1 Mouse 2 

Leukotriene, Cysteinyl CysLT1 Human -5 

Melatonin MT1 Human 6 

Muscarinic M1 Human -2 
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Muscarinic M2 Human -18 

Muscarinic M3 Human -2 

Neuropeptide Y Y1 Human 3 

Neuropeptide Y Y2 Human -6 

Nicotinic Acetylcholine Human -6 

Nicotinic Acetylcholine Ŭ1, Bungarotoxin Human 11 

Opiate ŭ1 (OP1, DOP) Human 0 

Opiate ə (OP2, KOP) Human 14 

Opiate ɛ (OP3, MOP) Human -6 

Phorbol Ester Mouse -3 

Platelet Activating Factor (PAF) Human 22 

Potassium Channel [KATP] Hamster -5 

Potassium Channel hERG Human 17 

Prostanoid EP4 Human 10 

Purinergic P2X Rabbit 10 

Purinergic P2Y Rat -3 

Rolipram Rat 25 

Serotonin (5-HT1A) Human -1 

Serotonin (5-HT2B) Human 73 

Serotonin (5-HT3) Human -3 

Sigma ů1 Human -9 

Sodium Channel, Site 2 Rat 30 

Tachykinin NK1 Human 7 

Thyroid Hormone Rat 6 

Transporter, Dopamine (DAT) Human 0 

Transporter, GABA Rat 5 

Transporter, Norepinephrine (NET) Human 4 

Transporter, Serotonin (SERT) Human -9 

 

Due to the relative improvement of the in vivo clearance of 1.127 in comparison 

to 1.23, we were excited to explore the utility of 1.127 as an in vivo tool compound. 

Previous mGlu7 NAMs, such as ADX71743, have shown to be effective in mouse 

models of anxiety, albeit using high dosing paradigms (50-150 mg/kg).67 Therefore, we 

wanted to explore the in vivo utility of 1.127 in mouse models of anxiety in collaboration 

Table 1.6: Eurofins lead profile panel for 1.127. Data courtesy of Eurofins. 
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with the Conn lab. As shown in Figure 1.11, Samantha Yohn was able to show that 

1.127 was efficacious in eliciting anxiolytic behavior in three mouse models of anxiety 

(the elevated zero maze assay, the light/dark box assay, and the marble burying assay) 

at doses as low as 3 mg/kg.89     

 

 

 

 

Addressing the True Metabolic Liability of VU6010608 (1.23): Amide Hydrolysis 

Results from the metabolic ID studies of 1.23 revealed that while dealkylation of 

the dimethoxy motif occurs to an extent, the major mode of metabolism is hydrolysis of 

the amide. With the minimum pharmacophore and the major metabolic liability 

identified, we sought to address this issue by exploring a variety of different strategies 

that have been reported in the literature for mitigating this mode of metabolism.90  

Therefore, the first strategy we initiated was the incorporation of traditional amide 

bioisosteres. In theory, bioisosteres can mimic the physical and chemical properties of 

the amide bond, with the advantage of decreased hydrolytic liabilities. Table 1.7 

summarizes the different amide bioisosteres that we synthesized for this purpose.  

 VEH       1.127        FLX  VEH       1.127        FLX 

Figure 1.11: Anxiolytic behavioral assays of 1.127: (A) elevated zero maze assay, (B) light/dark 

box assay, and (C) marble burying assay. VEH = vehicle and FLX = fluoxetine (positive control). 

Data courtesy of Samantha Yohn, Ph. D.89  

A B C 
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Linker 
Compound  

Number VUID 
mGlu7 

 IC50 (ɛM) 
mGlu7  

% L-AP4min 

 

  

1.133 VU6010268 Inactive N/A 

 

  

1.134 VU6014004 Inactive N/A 

 

  

1.135 VU6012560 Inactive N/A 

 

  

1.136 VU6012695 Inactive N/A 

 

  

1.137 VU6014705 Inactive N/A 

 

  

1.138 VU6016247 Inactive N/A 
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1.139 VU6014095 > 10 56% 

 

  

1.140 VU6014706 5.9 18% 

 

 

 Unfortunately, the N-Me amide, reverse amide, urea, and sulfonamide analogs 

(1.133-1.136 respectively) were not active. Additionally, Ŭ-trifluoromethyl amine 1.137 

and spirocyclic oxetane 1.138 were inactive. While both phenol 1.139 and aniline 1.140 

did show weak activity, their low potencies did not justify their further use in this context. 

Elongation of the Amide Linker: Discovery of Phenoxy Benzamide Linker 

With the failure of the traditional amide bioisosteres, a rather simplistic strategy 

was next employed. It has been previously reported that increasing the distance 

between two aryl rings joined together by an amide linker can sometimes decrease the 

hydrolytic rates of the respective amides.90 Therefore, analysis of previously 

disregarded HTS hits led to the observation that a phenoxy benzamide linker was a 

common motif in multiple compounds. The inclusion of such a motif was prioritized 

(VU6014098) (1.141), and to our delight, 1.141 displayed activity at mGlu7 with a 

potency comparable of that to 1.127 (Scheme 1.5 A).  

Table 1.7: SAR of traditional amide bioisosteres ï analogs 1.133-1.140 
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The synthesis of analogs of this nature was pursued in order to better understand 

the SAR associated with this new scaffold (Scheme 1.5 B). As representative 

examples, vanillin or substituted vanillin derivatives (1.142) were alkylated under 

standard conditions with a variety of alkyl halides to afford aldehydes 1.143. Dakin 

oxidation and subsequent SN2 displacement with ethyl bromoacetate led to the 

formation of esters 1.144. Saponification of 1.144 afforded benzoic acids 1.145, which 

were reacted with aniline 1.146 utilizing PyClU-mediated amide bond coupling 

conditions to form analogs 1.147-1.172. The results of this SAR campaign are 

summarized in Table 1.8.    

 

 

 

Scheme 1.5: (A) Structure of VU6014098 (1.141) and (B) Synthesis of analogs 1.147-1.172.  
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R =  
Compound  

Number 
VUID 

mGlu7 
 IC50 (ɛM) 

mGlu7  
% L-AP4min 

 

  

1.141 VU6014098 0.35 3% 

 

  

1.147 VU6015156 0.16 3% 

 

  

1.148 VU6014707 > 10 18% 

 

  

1.149 VU6014713 0.66 3% 

 

  

1.150 VU6014712 1.09 3% 

 

  

1.151 VU6014819 0.14 6% 

 

  

1.152 VU6015157 1.16 19% 

 

  

1.153 VU6015153 > 10 61% 



57 
 

 

  

1.154 VU6015154 Inactive N/A 

 

  

1.155 VU6015332 Inactive N/A 

 

  

1.156 VU6014951 0.87 27% 

 

  

1.157 VU6014952 Inactive N/A 

 

  

1.158 VU6014953 > 10 54% 

 

  

1.159 VU6014954 2.90 54% 

 

  

1.160 VU6014711 0.26 3% 

 

  

1.161 VU6014713 0.20 6% 
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1.162 VU6014714 0.32 6% 

 

  

1.163 VU6014715 0.13 5% 

 

  

1.164 VU6014820 0.26 6% 

 

  

1.165 VU6014716 0.47 3% 

 

  

1.166 VU6014822 0.97 9% 

 

  

1.167 VU6014717 0.20 6% 

 

  

1.168 VU6014821 0.62 24% 
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1.169 VU6014719 2.00 64% 

 

  

1.170 VU6014720 1.35 53% 

 

  

1.171 VU6014949 Inactive N/A 

 

  

1.172 VU6014950 0.75 22% 

 

Through our efforts, we observed that the incorporation of a methyl group 

(analog 1.148) in the methylene linker led to a drastic drop in potency. The incorporation 

of mono-fluoro and geminal difluoro groups (analogs 1.149 and 1.150, respectively) at 

this position also resulted in reduced potency. Both C-linked and N-linked benzamide 

linker alternatives (analogs 1.153-1.155) were also inactive. As we noticed before, it 

appeared that the only tolerated changes to the scaffold included the incorporation of 

alternative alkoxy groups at the 4-position of the eastern aromatic ring (analogs 1.160-

1.170). Unfortunately, while some of the analogs in this series (ex: 1.147, 1.151, and 

1.163) were the most potent compounds to date, these compounds suffered from either 

high predicted hepatic clearance or plasma instability in both mice and rats. Based on 

these data, we elected to pursue other strategies to mitigate this amide hydrolysis.   

Table 1.8: SAR of elongated amide analogs 1.141; 1.147-1.172 
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Extended Amide Linker Replacements: Carbamate Congeners 

Given the structure of 1.141, it did not escape our attention that carbamate 

and/or urea functionalities in the linker might be suitable amide alternatives. Therefore, 

VU6015158 (1.173) (Scheme 1.6 A) was synthesized, and encouragingly, 1.173 

retained activity at mGlu7. Even though 1.173 is a weak mGlu7 NAM (mGlu7 IC50 = 5.44 

M˃), we further explored the SAR around the more stable carbamate motif. Carbamate 

analogs were synthesized as shown in Scheme 1.6 B. As a representative example, 

Ullmann coupling of 1H-1,2,4-triazole with commercially available 1.174 led to the 

formation of benzoic acid 1.175. A Curtius rearrangement was utilized to form the 

corresponding isocyanate in situ, followed by reaction with benzylic alcohols 1.176 to 

afford the corresponding carbamates 1.177-1.204. The results for this SAR campaign 

are shown below in Table 1.9.  

 
Scheme 1.6: (A) Structure of VU6015158 (1.173) and (B) Synthesis of carbamate analogs 1.177-

1.204 
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R1 =  R2 =  R3 =  
Compound  

Number 
VUID 

mGlu7 
 IC50 
(ɛM) 

mGlu7  
% L-

AP4min 

OCF3 H 

 

1.173 VU6015158 5.44 15% 

OCF3 H 

 

1.177 VU6015849 5.56 15% 

OCF3 H 

 

1.178 VU6015330 2.85 13% 

OCF3 H 

 

1.179 VU6015331 > 10 45% 

OCF3 H 

 

1.180 VU6016764 Inactive N/A 

OCF3 H 

 

1.181 VU6016538 > 10 43% 

OCF3 H 

 

1.182 VU6016773 Inactive N/A 

OCF3 H 

 

1.183 VU6016758 Inactive N/A 
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OCF3 H 

 

1.184 VU6015852 4.72 20% 

OCF3 H 

 

1.185 VU6015853 8.26 16% 

OCF3 H 

 

1.186 VU6015854 Inactive N/A 

OCF2H H 

 

1.187 VU6016243 > 10 54% 

 

  

H 

 

1.188 VU6016248 Inactive N/A 

 

  

H 

 

1.189 VU6016249 > 10 50% 

 

  

H 

 

1.190 VU6015860 2.64 22% 

 

  

H 

 

1.191 VU6015861 Inactive N/A 

 

  

H 

 

1.192 VU6016239 1.84 17% 
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H 

 

1.193 VU6016241 3.77 23% 

 

  

H 

 

1.194 VU6016242 3.56 14% 

 

  

H 

 

1.195 VU6015858 > 10 20% 

 

  

H 
 

1.196 VU6015859 1.64 50% 

 

  

H 

 

1.197 VU6015857 Inactive N/A 

 

  

H 
 

1.198 VU6016240 Inactive N/A 

 

  

H 

 

1.199 VU6016250 1.77 21% 

OCF3 CH3 

 

1.200 VU6015329 Inactive N/A 

OCF3 CH3 

 

1.201 VU6015855 Inactive N/A 
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OCF3 CH3 

 

1.202 VU6015856 Inactive N/A 

OCF3 H 

 

1.203 VU6015159 Inactive N/A 

OCF3 H 

 

1.204 VU6015328 Inactive N/A 

 

 

As shown in Table 1.9, the incorporation of a fluorine atom at the 6-position of 

the eastern aromatic ring (analog 1.178) was conducive for potency. We hypothesize 

that with this elongated linker, we are no longer observing a competing intramolecular 

hydrogen bond interaction between this fluorine atom and the N-H bond of our amide as 

we had observed previously with the shorter amide linker (analog 1.95). Unfortunately, 

the incorporation of azaheterocycles (analog 1.181) and additional functionality on the 

methylene group of the linker (analogs 1.182 and 1.183) resulted in a loss in potency 

and/or activity. As previously observed, alternative alkoxy groups in the 4-position of the 

eastern aromatic ring (analogs 1.184-1.185) and sterically-hindered alkoxy bioisosteres 

on the western aromatic ring (analogs 1.190, 1.192-1.194, 1.196, and 1.199) were well 

tolerated. Both the incorporation of the N-Me carbamate (analogs 1.200-1.202) and 

urea congeners (analogs 1.203 and 1.204) led to inactive compounds. Even with these 

data, the best compound in this series, 1.199, still lacked considerably in potency when 

Table 1.9: SAR of carbamate analogs 1.173, 1.177-1.204 
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compared to 1.127; therefore, we elected to continue pursuing effort in finding other 

suitable amide replacements.    

Extended Amide Linker Replacements: Des-Carbonyl Analogs       

In addition to examining amide replacements, we also investigated the possibility 

of deleting the carbonyl of the amide, resulting in substituted aniline derivatives. In this 

case, there would be no amide functional group present for hydrolysis, and we may be 

able to exploit this in order to decrease clearance. Therefore, the synthesis of des-

carbonyl analogs was initiated. As a representative example, homologated aniline 

VU6015848 (1.210) was synthesized according to Scheme 1.7. In this case, Wittig 

reaction of 3,4-dimethoxybenzaldehyde 1.205 and resonance-stabilized ylide 1.206 

afforded ester 1.207. Reduction of the Ŭ,ɓ-unsaturated olefin followed by saponification 

of the ester using lithium hydroxide resulted in the formation of homologated acids 

1.208. PyClU-mediated amide coupling of aniline 1.146 with acids 1.208 yielded amides 

1.209, which were subsequently reduced with lithium aluminum hydride to form anilines 

1.210-1.230.   

Scheme 1.7: Synthesis of des-carbonyl analogs 1.210-1.230 
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Homologation of the linker was found to be beneficial for potency (comparing to 

aniline analog 1.140). Different linker groups were synthesized and incorporated into the 

aniline scaffold as described above to further explore the SAR around compounds of 

this nature (Table 1.10).  

 

 

 

R1 =  R2 =  R3 =  Linker =  
Compound  

Number 
VUID 

mGlu7 
 IC50 
(ɛM) 

mGlu7  
% L-AP4min 

OCF3 H H 

 

1.210 VU6015848 1.6 10% 

OCF3 H H 

 

1.211 VU6016244 2.98 10% 

OCF3 H H 

 

1.212 VU6016497 1.97 6% 

OCF3 H H 

 

1.213 VU6017724 2.47 12% 

OCF3 H H 

 

1.214 VU6017981 2.92 5% 

OCF3 H F 

 

1.215 VU6016771 1.3 10% 

OCF3 H F 

 

1.216 VU6017722 2.81 10% 

OCF3 H F 

 

1.217 VU6016769 1.2 6% 
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OCF3 H F 

 

1.218 VU6017983 5.36 10% 

OCF3 F H 

 

1.219 VU6016532 5.95 12% 

OCF3 F H 

 

1.220 VU6016533 > 10 18% 

Cl H H 

 

1.221 VU6016759 1.64 11% 

Cl H H 

 

1.222 VU6016760 0.92 8% 

Cl H H 

 

1.223 VU6016765 2.81 8% 

Cl H H 

 

1.224 VU6017740 7.52 18% 

Cl H H 

 

1.225 VU6017980 2.94 7% 

Cl H F 

 

1.226 VU6017738 4.53 11% 

Cl H F 

 

1.227 VU6017741 2.86 7% 

Cl H F 

 

1.228 VU6017982 6.14 14% 

Cl F H 

 

1.229 VU6016766 4.66 19% 

Cl F H 

 

1.230 VU6016767 5.73 18% 

 

Table 1.10: SAR of des-carbonyl analogs 1.210 ï 1.230 
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We observed that both OCF3- and Cl- substituted analogs were tolerated, in 

addition to a variety of different alkyl linkers differing in either their steric or electronic 

properties. However, the analogs from this series suffered from high predicted hepatic 

clearance in mice (e.g. mouse predicted CLhep for analog 1.222 = 87.2 mL/min/kg).  

Additionally, high plasma protein binding and rat brain homogenate binding were 

observed in in vitro and in vivo PK experiments, likely due to the presence of the N-H 

bond of the aniline functional group. These data precluded us from further exploring this 

scaffold.89   

Heterocycles as Viable Amide Replacements    

Recently, the use of heterocycles as amide bond mimics has been reported in 

the literature.90 Therefore, a vast array of heterocyclic linker congeners of 1.23 were 

synthesized (Table 1.11). We discovered that the incorporation of 1,3,4-oxadiazole 

(VU6017094) (1.231) and 1,2,4-oxadiazole (VU6017095) (1.232) heterocycles led to 

moderately potent mGlu7 NAMs, warranting additional SAR.91  

 

 

 

Het =  
Compound  

Number 
VUID 

mGlu7 
 IC50 (ɛM) 

mGlu7  
% L-AP4min 

 

  

1.231 VU6017094 1.58 7% 
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1.232 VU6017095 1.32 15% 

 

  

1.233 VU6017096 > 10 42% 

 

  

1.234 VU6018504 > 10 34% 

 

  

1.235 VU6017976 Inactive N/A 

 

  

1.236 VU6018798 > 10 32% 

 

  

1.237 VU6018797 2.39 8% 

 

  

1.238 VU6018218 7.63 21% 

 

  

1.239 VU6018226 2.08 37% 
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1.240 VU6018301 Inactive N/A 

 

  

1.241 VU6018503 Inactive N/A 

 

  

1.242 VU6018506 Inactive N/A 

 

  

1.243 VU6017977 Inactive N/A 

 

1,3,4-Oxadiazole and 1,2,4-Oxadiazole Heterocyclic Analogs 

Both 1,3,4-oxadiazole and 1,2,4-oxadiazole analogs were synthesized as 

depicted in Scheme 1.8. For 1,3,4-oxadiazole variants, commercially available esters 

1.244 were reacted with hydrazine to form acyl hydrazides 1.245. A SNAr reaction 

between nitrogen-containing heterocycles 1.246 and commercial 1.247 yielded nitriles 

1.248, which were subsequently hydrolyzed to benzoic acids 1.249. A T3P®-mediated, 

one-pot, microwave-assisted tandem amide coupling/condensation was utilized to afford 

analogs 1.250-1.271 (Table 1.12).92 For 1,2,4-oxadiazole variants, commercially 

available aldehydes 1.272 were transformed into nitriles 1.273, which were reacted with 

hydroxylamine hydrochloride to afford the corresponding amidoximes 1.274. Reaction of  

Table 1.11: SAR of diversity-oriented heterocyclic linker library   
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1.274 with 1.249 using the T3P® conditions aforementioned resulted in analogs 1.275-

1.288 (Table 1.13).92     

 

Ar R1 =  
Compound  

Number 
VUID 

mGlu7 
 IC50 (ɛM) 

mGlu7  
% L-AP4min 

 

  

 

1.250 VU6017730 2.11 10% 

Scheme 1.8: Synthesis of (A) 1,3,4-oxadiazole analogs 1.250-1.271 and (B) 1,2,4-oxadiazole 

analogs 1.275-1.288 
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1.251 VU6017718 Inactive N/A 

 

  

 

1.252 VU6018221 Inactive N/A 

 

  

 

1.253 VU6017726 > 10 73% 

 

  

 

1.254 VU6017721 Inactive N/A 

 

  

 

1.255 VU6017731 4.38 14% 

 

  

 

1.256 VU6017714 1.31 13% 

 

  

 

1.257 VU6017727 1.55 10% 
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1.258 VU6017732 Inactive N/A 

 

  

 

1.259 VU6017733 Inactive N/A 

 

  

 

1.260 VU6017729 Inactive N/A 

 

  

 

1.261 VU6017985 Inactive N/A 

 

  

 

1.262 VU6017986 > 10 68% 

 

  

 

1.263 VU6017715 Inactive N/A 

 

  

 

1.264 VU6017734 Inactive N/A 
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1.265 VU6017728 Inactive N/A 

 

  

 

1.266 VU6017974 Inactive N/A 

 

  

 

1.267 VU6017973 Inactive N/A 

 

  

 

1.268 VU6017975 Inactive N/A 

 

  

 

1.269 VU6017725 > 10 34% 

 

  

 

1.270 VU6017742 > 10 43% 

 

  

 

1.271 VU6017984 Inactive N/A 

Table 1.12: SAR of 1,3,4-oxadiazole analogs 1.250-1.271 
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Ar R1 =  
Compound  

Number 
VUID 

mGlu7 
 IC50 (ɛM) 

mGlu7  
% L-AP4min 

 

  

 

1.275 VU6018310 1.16 23% 

 

  

 

1.276 VU6018223 > 10 23% 

 

  

 

1.277 VU6018225 Inactive N/A 

 

  

 

1.278 VU6017716 > 10 58% 

 

  

 

1.279 VU6017737 > 10 55% 
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1.280 VU6017717 > 10 52% 

 

  

 

1.281 VU6017735 2.6 22% 

 

  

 

1.282 VU6017736 > 10 29% 

 

  

 

1.283 VU6017743 1.18 30% 

 

  

 

1.284 VU6018227 3.65 47% 

 

  

 

1.285 VU6018229 2.75 52% 

 

  

 

1.286 VU6018231 Inactive N/A 
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1.287 VU6017978 > 10 52% 

 

  

 

1.288 VU6017979 1.03 46% 

 

 

 As a whole, 1,3,4-oxadiazole analogs were more potent and possessed more 

favorable DMPK parameters than 1,2,4-oxadiazole analogs. However, as was observed 

before with the other scaffolds, SAR was steep. Modifications to the eastern aromatic 

ring were not tolerated, and incorporation of bulky alkoxy groups at the 4-position (like 

those of 1.127) did not contribute to an increase in potency or efficacy. The OCF3 group 

on the western aromatic ring was found to be the optimal substituent in these cases.   

However, the absence of the N-H bond of the amide led us to hypothesize that 

an intramolecular hydrogen bond was no longer critical for activity, meaning that the 

southern 1,2,4-triazole heterocycle may not be optimal for analogs of this nature. 

Therefore, different saturated and unsaturated N-linked heterocycles and C-linked 

heterocycles were surveyed for the 1,3,4-oxadiazole variants (Table 1.14).  

 

Table 1.13: SAR of 1,2,4-oxadiazole analogs 1.275-1.288 
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R1 =  Het 
Compound  

Number 
VUID 

mGlu7 
 IC50 (ɛM) 

mGlu7  
% L-AP4min 

OCF3 

 

1.289 VU6019274 3.53 49% 

Cl 

 

1.290 VU6019275 Inactive N/A 

OCF3 

 

1.291 VU6019280 1.32 21% 

Cl 

 

1.292 VU6019281 1.48 36% 

OCF3 

 

1.293 VU6019282 2.24 10% 

Cl 

 

1.294 VU6019283 1.59 27% 

OCF3 

 

1.295 VU6019496 Inactive N/A 

Cl 

 

1.296 VU6019493 Inactive N/A 
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OCF3 

 

1.297 VU6019494 Inactive N/A 

Cl 

 

1.298 VU6019488 Inactive N/A 

OCF3 

 

1.299 VU6019486 > 10 28% 

Cl 

 

1.300 VU6019489 Inactive N/A 

OCF3 

 

1.301 VU6019487 > 10 28% 

Cl 

 

1.302 VU6019490 > 10 53% 

OCF3 

 

1.303 VU6019485 > 10 43% 

Cl 

 

1.304 VU6019484 Inactive N/A 

OCF3 

 

1.305 VU6019279 2.04 51% 

Cl 

 

1.306 VU6019276 Inactive N/A 
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OCF3 

 

1.307 VU6019278 0.57 6% 

Cl 

 

1.308 VU6019277 0.82 17% 

OCF3 

 

1.309 VU6020234 Inactive N/A 

Cl 

 

1.310 VU6020232 Inactive N/A 

OCF3 

 

1.311 VU6020230 5.86 65% 

Cl 

 

1.312 VU6020228 Inactive N/A 

OCF3 

 

1.313 VU6020233 Inactive N/A 

Cl 

 

1.314 VU6020229 Inactive N/A 

OCF3 

 

1.315 VU6020231 1.18 23% 

 

 Table 1.14: SAR of 1,3,4-oxadiazole: southern heterocyclic ring ï analogs 1.289-1.315  
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As a whole, C-linked heterocycles were unproductive, either resulting in inactive 

compounds or compounds that lacked considerably in potency when compared to the 

parent 1,3,4-oxadiazole analog 1.231. While the incorporation of saturated azacine 

(pyrrolidine, piperidine, morpholine, and N-Me piperazine) heterocycles yielded a similar 

result, we discovered that the incorporation of an imidazole ring (analog 1.307) was 

optimal, with potency comparable to 1.23 (VU6010608). We were pleased that we were 

no longer limited to the intramolecular hydrogen bond restraints of the 1,2,4-triazole 

heterocycle, and we were excited to examine compound 1.307 further. 1.307 possessed 

low predicted hepatic clearance in rat (CLhep = 27.7 mL/min/kg) and high CNS 

penetration (Kp = 4.9, Kp,uu = 0.65). 91    

Conclusion 

 In conclusion, we have discovered three mGlu7 NAM tool compounds containing 

a previously unexplored chemotype. These tool compounds include VU6010608 (1.23), 

VU6012962 (1.127), and VU6019278 (1.307) (Figure 1.12). Both 1.127 and 1.307 were 

developed to address two different metabolic liabilities of our first generation in vitro tool 

compound 1.23. With collaboration with the Conn lab, we were able to show that 1.127 

shows utility as an in vivo tool compound, while efforts are still ongoing with 1.307 to 

fully explore its potential as an alternative tool compound. We hope that with the 

development of these mGlu7 selective NAMs, we can begin to learn more about the 

physiological role of mGlu7 and any potential therapeutic avenues for mGlu7 that may 

come as a result of these studies.     
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Experimental Methods 

General Synthetic Methods and Instrumentation 

Unless otherwise stated, all reactions were conducted in flame-dried or oven-

dried glassware under inert atmospheres of argon. All commercially available reagents 

and reaction solvents were used as received, unless otherwise noted. All NMR spectra 

were recorded on a 400 MHz AMX Bruker NMR spectrometer. 1H and 13C chemical 

shifts are reported in ŭ values in ppm downfield with the deuterated solvent as the 

internal standard. Data are reported as follows: chemical shift, multiplicity (s = singlet, d 

= doublet, t = triplet, q = quartet, b = broad, m = multiplet), integration, coupling constant 

(Hz). Low resolution mass spectra were obtained on an Agilent 6120 or 6150 with ESI 

source. MS parameters were as follows: fragmentor: 70, capillary voltage: 3000 V, 

nebulizer pressure: 30 psig, drying gas flow: 13 L/min, drying gas temperature: 350 ºC. 

Samples were introduced via an Agilent 1290 UHPLC comprised of a G4220A binary 

pump, G4226A ALS, G1316C TCC, and G4212A DAD with ULD flow cell. UV 

absorption was generally observed at 215 nm and 254 nm with a 4 nm bandwidth. 

Figure 1.12: Structures of novel mGlu7 NAM tool compounds 1.23, 1.127, and 1.307 
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Column: Waters Acquity BEH C18, 1.0 x 50 mm, 1.7 um. Gradient conditions: 5% to 

95% CH3CN in H2O (0.1% TFA) over 1.4 min, hold at 95% CH3CN for 0.1 min, 0.5 

mL/min, 55 ºC. High resolution mass spectra were obtained on an Agilent 6540 UHD Q-

TOF with ESI source. MS parameters were as follows: fragmentor: 150, capillary 

voltage: 3500 V, nebulizer pressure: 60 psig, drying gas flow: 13 L/min, drying gas 

temperature: 275 ºC. Samples were introduced via an Agilent 1200 UHPLC comprised 

of a G4220A binary pump, G4226A ALS, G1316C TCC, and G4212A DAD with ULD 

flow cell. UV absorption was observed at 215 nm and 254 nm with a 4 nm bandwidth. 

Column: Agilent Zorbax Extend C18, 1.8 µm, 2.1 x 50 mm. Gradient conditions: 5% to 

95% CH3CN in H2O (0.1% formic acid) over 1 min, hold at 95% CH3CN for 0.1 min, 0.5 

mL/min, 40 ºC. For compounds that were purified on a Gilson preparative reversed-

phase HPLC, the system comprised of a 333 aqueous pump with solvent-selection 

valve, 334 organic pump, GX-271 or GX-281 liquid hander, two column switching 

valves, and a 155 UV detector. UV wavelength for fraction collection was user-defined, 

with absorbance at 254 nm always monitored. Method 1: Phenomenex Axiapacked 

Luna C18, 30 x 50 mm, 5 µm column. Mobile phase: CH3CN in H2O (0.1% TFA). 

Gradient conditions: 0.75 min equilibration, followed by user defined gradient (starting 

organic percentage, ending S3 organic percentage, duration), hold at 95% CH3CN in 

H2O (0.1% TFA) for 1 min, 50 mL/min, 23 ºC. Method 2: Phenomenex Axia-packed 

Gemini C18, 50 x 250 mm, 10 um column. Mobile phase: CH3CN in H2O (0.1% TFA). 

Gradient conditions: 7 min equilibration, followed by user defined gradient (starting 

organic percentage, ending organic percentage, duration), hold at 95% CH3CN in H2O 

(0.1% TFA) for 7 min, 120 mL/min, 23 ºC. All reagents were purchased from Aldrich 
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Chemical Co. and were used without purification. Sure-Seal solvents were purchased 

from Sigma Aldrich. Analytical thin layer chromatography was performed on 250 mM 

silica gel 60 F254 plates. Visualization was accomplished with UV light, and/or the use of 

potassium permanganate or Seebach stain followed by development with a heat gun.  

 

Synthesis of methyl 3-methoxy-4-(vinyloxy)benzoate (1.316)  

An oven dried vial was sequentially charged with methyl vanillate  (250 mg, 1.37 mmol), 

sodium carbonate (51.9 mg, 0.480 mmol), chloro(1,5-cyclooctadiene)iridium(I) dimer 

(9.21 mg, 0.0137 mmol), toluene (1.0 mL), and vinyl acetate  (0.253 mL, 2.74 mmol). 

The resulting solution was degassed by vigorously bubbling argon through the reaction 

mixture for two minutes. The vial was then heated to 110 °C, monitoring the reaction by 

LCMS. After 3 hours, the reaction was allowed to cool to room temperature and was 

filtered through a pad of celite. The resulting organic material was concentrated and 

purified using flash chromatography (Teledyne ISCO system; silica gel column; 

hexanes:EtOAc) to afford the desired material  as a yellow oil (165 mg, 58% yield). 1H 

NMR (400 MHz, CDCl3) ŭ 7.64 (dd, J = 8.0 Hz, 1.9 Hz, 1H), 7.61 (d, J = 1.9 Hz, 1H), 

7.00 (d, J = 8.3 Hz, 1H), 6.62 (dd, J = 12.0 Hz, 6.0 Hz, 1H), 4.87 (dd, J = 12.0 Hz, 2.0 

Hz, 1H), 4.54 (dd, J = 4.0 Hz, 2.0 Hz, 1H), 3.93 (s, 3H), 3.90 (s, 3H); 13C NMR (100 

MHz, CDCl3) ŭ = 166.7, 149.8, 149.6, 147.7, 125.7, 123.2, 116.5, 113.3, 96.8, 56.3, 

52.3 ppm. HRMS (TOF, ES+) calcôd for C11H12O4 , 208.0736 ; found, 208.0737.  

General Procedure 1: Synthesis of Esters  
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To a suspension of methyl vanillate (100 mg, 0.549 mmol) and potassium carbonate 

(154 mg, 1.10 mmol) in DMF (1 mL) was added the appropriate alkyl halide (1.10 mmol) 

at room temperature. The resulting suspension was then heated to 100 °C and was 

monitored by LCMS. Once LCMS indicated complete consumption of starting material, 

the reaction was diluted with DCM and quenched with the addition of water. The layers 

were separated, and the aqueous layer was washed with DCM x 3. The combined 

organic material was passed through a phase separator, concentrated, and purified via 

flash chromatography (Teledyne ISCO system, silica gel column, hexanes:EtOAc) to 

afford the desired products.   

 

Synthesis of methyl 4-ethoxy-3-methoxybenzoate (1.100a) 

This compound was synthesized according to general procedure 1. White solid (113.1 

mg, 98% yield). 1H NMR (400 MHz, CDCl3) ŭ 7.65 (dd, J =  8.4 Hz, 2.0 Hz, 1H), 7.54 (d, 

J = 2.0 Hz, 1H), 6.86 (d, J = 8.4 Hz, 1H), 4.15 (q, 2H), 3.91 (s, 3H), 3.88 (s, 3H), 1.48 (t, 

3H); 13C NMR (100 MHz, CDCl3) ŭ = 167.1, 152.5, 148.9, 123.7, 122.6, 112.4, 111.4, 

64.6, 56.2, 52.1, 14.8 ppm.  HRMS (TOF, ES+) calcôd for C11H14O4, 210.0892; found, 

210.0890.  

 

Synthesis of methyl 3-methoxy-4-propoxybenzoate (1.100b) 
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This compound was synthesized according to general procedure 1. Colorless oil (120.5 

mg, 98% yield). 1H NMR (400 MHz, CDCl3) ŭ 7.63 (dd, J =  8.4 Hz, 2.0 Hz, 1H), 7.53 (d, 

J = 2.0 Hz, 1H), 6.86 (d, J = 8.5 Hz, 1H), 4.01 (t, 2H), 3.90 (s, 3H), 3.87 (s, 3H), 1.87 (m, 

2H), 1.03 (t, 3H); 13C NMR (100 MHz, CDCl3) ŭ = 167.1, 152.8, 149.0, 123.7, 122.5, 

112.5, 111.6, 70.6, 56.2, 52.1, 22.5, 10.5 ppm. HRMS (TOF, ES+) calcôd for C12H16O4, 

224.1049; found, 224.1047.  

 

Synthesis of methyl 4-isopropoxy-3-methoxybenzoate (1.100c) 

This compound was synthesized according to general procedure 1. Colorless oil (117.3 

mg, 94% yield). 1H NMR (400 MHz, CDCl3) ŭ 7.62 (dd, J = 8.5 Hz, 2.0 Hz, 1H), 7.53 (d, 

J = 2.0 Hz, 1H), 6.87 (d, J = 8.5 Hz, 1H), 4.62 (m, 1H), 3.88 (s, 3H), 3.87 (s, 3H), 1.38 

(d, 6H); 13C NMR (100 MHz, CDCl3) ŭ = 167.0, 151.6, 149.6, 123.5, 113.4, 112.7, 71.3, 

56.1, 52.0, 22.0 ppm. HRMS (TOF, ES+) calcôd for  C12H16O4, 224.1049; found, 

224.1046. 

 

Synthesis of methyl 4-cyclopropoxy-3-methoxybenzoate (1.100d) 

To a solution of methyl 3-methoxy-4-(vinyloxy)benzoate C (115 mg, 0.552 mmol) and 

diiodomethane (0.356 mL, 4.42 mmol) in DCE (2.0 mL) at 0 °C was added diethylzinc 

(4.42 mL, 4.42 mmol, 1.0 M solution in hexanes) dropwise. After the addition was 
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complete, the flask was allowed to slowly warm to room temperature, stirring for an 

additional 16 hours. The reaction was diluted with DCM, quenched with the addition of 

saturated NH4Cl, and filtered through a pad of celite. The layers were separated, and 

the aqueous layer was washed with DCM x 3. The combined organic material was 

passed through a phase separator, concentrated, and purified using flash 

chromatography (Teledyne ISCO system; silica gel column; hexanes:EtOAc) to afford 

the desired material 7e as a slight yellow oil (74.1 mg, 60% yield). 1H NMR (400 MHz, 

CDCl3) ŭ 7.67 (dd, J = 8.0 Hz, 2.0 Hz, 1H), 7.53 (d, J = 1.9 Hz, 1H), 7.27 (d, J = 8.4 Hz, 

1H), 3.90 (s, 3H), 3.89 (s, 3H), 3.80 (m, 1H), 0.90-0.83 (m, 4H); 13C NMR (100 MHz, 

CDCl3) ŭ = 167.0, 152.6, 148.6, 123.5, 123.1, 112.7, 112.2, 56.1, 52.1, 51.9, 6.5 ppm. 

HRMS (TOF, ES+) calcôd for C12H14O4 , 222.0892 ; found, 222.0892.  

 

Synthesis of methyl 4-(cyclopentyloxy)-3-methoxybenzoate (1.100e) 

This compound was synthesized according to general procedure 1. Colorless oil (131.4 

mg, 96% yield). 1H NMR (400 MHz, CDCl3) ŭ 7.62 (dd, J = 8.4 Hz, 2.0 Hz, 1H), 7.51 (d, 

J = 1.9 Hz, 1H), 6.85 (d, J = 8.4 Hz, 1H), 4.81 (m, 1H), 3.87 (s, 3H), 3.86 (s, 3H), 1.98-

1.77 (m, 6H), 1.64-1.56 (m, 2H); 13C NMR (100 MHz, CDCl3) ŭ = 167.0, 152.0, 149.4, 

123.5, 122.2, 113.1, 112.6, 80.5, 56.1, 52.0, 32.9, 24.2 ppm. HRMS (TOF, ES+) calcôd 

for C14H18O4 , 250.1205; found, 250.1204. 
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Synthesis of methyl 3-methoxy-4-(2,2,2-trifluoroethoxy)benzoate (1.100f) 

This compound was synthesized according to general procedure 1. White solid (273 

mg, 94% yield).1H NMR (400 MHz, CDCl3) ŭ 7.64 (dd, J = 8.4, 2.0 Hz, 1H), 7.60 (d, J = 

1.9 Hz, 1H), 6.96 (d, J = 8.4 Hz, 1H), 4.45 (q, 2H), 3.93 (s, 3H), 3.90 (s, 3H); 13C NMR 

(100 MHz, CDCl3) ŭ = 166.6, 150.7, 149.9, 125.7, 123.4 (q, JCF = 277.0 Hz), 123.3, 

115.6, 113.5, 67.4 (q, JCF = 35.5 Hz), 56.2, 52.3 ppm. HRMS (TOF, ES+) calcôd for 

C11H11F3O4, 264.0609; found, 264.0613.  

 

Synthesis of methyl 3-methoxy-4-(neopentyloxy)benzoate (1.100g) 

This compound was synthesized according to general procedure 1. Colorless oil (219 

mg, 79% yield). 1H NMR (400 MHz, CDCl3) ŭ 7.64 (dd, J = 8.4, 2.0 Hz, 1H), 7.54 (d, J = 

2.0 Hz, 1H), 6.86 (d, J = 8.4 Hz, 1H), 3.89 (s, 3H), 3.88 (s, 3H), 3.67 (s, 2H), 1.06 (s, 

9H); 13C NMR (100 MHz, CDCl3) ŭ = 167.1, 153.7, 149.3, 123.7, 122.4, 113.2, 112.0, 

78.9, 56.4, 52.0, 32.2, 26.7 ppm. HRMS (TOF, ES+) calcôd for C14H20O4, 252.1362; 

found, 252.1366.  
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Synthesis of methyl 4-isobutoxy-3-methoxybenzoate (1.100h) 

This compound was synthesized according to general procedure 1. White solid (249 

mg, 95% yield).1H NMR (400 MHz, CDCl3) ŭ 7.64 (dd, J = 8.4, 2.0 Hz, 1H), 7.54 (d, J = 

2.0 Hz, 1H), 6.86 (d, J = 8.4 Hz, 1H), 3.90 (s, 3H), 3.88 (s, 3H), 3.82 (d, 2H), 2.18 (m, 

1H), 1.04 (d, 6H); 13C NMR (100 MHz, CDCl3) ŭ = 167.1, 153.0, 149.1, 123.7, 122.5, 

112.7, 111.7, 75.4, 56.3, 52.1, 28.2, 19.4 ppm. HRMS (TOF, ES+) calcôd for C13H18O4, 

238.1205; found, 238.1206.   

 

Synthesis of methyl 4-(cyclopropylmethoxy)-3-methoxybenzoate (1.100i) 

This compound was synthesized according to general procedure 1. White solid (249 

mg, 96% yield).1H NMR (400 MHz, CDCl3) ŭ 7.63 (dd, J = 8.4, 2.0 Hz, 1H), 7.54 (d, J = 

1.9 Hz, 1H), 6.86 (d, J = 8.4 Hz, 1H), 3.92 (s, 3H), 3.91 (d, 2H), 3.88 (s, 3H), 1.37-1.31 

(m, 1H), 0.69-0.64 (m, 2H), 0.39-0.35 (m, 2H); 13C NMR (100 MHz, CDCl3) ŭ = 167.1, 

152.7, 149.0, 123.6, 122.7, 112.4, 111.8, 74.0, 56.2, 52.1, 10.2, 3.6 ppm. HRMS (TOF, 

ES+) calcôd for C13H16O4, 236.1049; found, 236.1052.  

 

 

Synthesis of methyl 4-(cyclobutylmethoxy)-3-methoxybenzoate (1.100j) 
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This compound was synthesized according to general procedure 1. White solid (258 

mg, 94% yield).1H NMR (400 MHz, CDCl3) ŭ 7.64 (dd, J = 8.4, 2.0 Hz, 1H), 7.53 (d, J = 

2.0 Hz, 1H), 6.87 (d, J = 8.4 Hz, 1H), 4.04 (d, 2H), 3.90 (s, 3H), 3.89 (s, 3H), 2.91-2.81 

(m, 1H), 2.21-2.13 (m, 2H), 2.00-1.82 (m, 4H); 13C NMR (100 MHz, CDCl3) ŭ = 167.1, 

153.0, 149.1, 123.6, 122.6, 112.7, 111.9, 73.3, 56.2, 52.1, 34.5, 25.2, 18.8 ppm. HRMS 

(TOF, ES+) calcôd for C14H18O4, 250.1205; found, 250.1207.  

 

Synthesis of methyl 4-(cyclopentylmethoxy)-3-methoxybenzoate (1.100k) 

This compound was synthesized according to general procedure 1. Colorless oil (244 

mg, 84% yield). 1H NMR (400 MHz, CDCl3) ŭ 7.64 (dd, J = 8.4, 2.0 Hz, 1H), 7.54 (d, J = 

2.0 Hz, 1H), 6.88 (d, J = 8.4 Hz, 1H), 3.93 (d, 2H), 3.90 (s, 3H), 3.88 (s, 3H), 2.45 (m, 

1H), 1.90-1.83 (m, 2H), 1.68-1.57 (m, 4H), 1.41-1.34 (m, 2H); 13C NMR (100 MHz, 

CDCl3) ŭ = 167.1, 153.1, 149.1, 123.7, 122.5, 112.7, 111.8, 73.4, 56.3, 52.1, 39.0, 29.7, 

25.4 ppm. HRMS (TOF, ES+) calcôd for C15H20O4, 264.1362; found, 264.1367.  

 

Synthesis of methyl 4-(benzyloxy)-3-methoxybenzoate (1.100L) 

This compound was synthesized according to general procedure 1. White solid (278 

mg, 93% yield). 1H NMR (400 MHz, CDCl3) ŭ 7.61(dd, J = 8.4, 2.0 Hz, 1H), 7.57 (d, J = 
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2.0 Hz, 1H), 7.44-7.30 (m, 5H), 6.90 (d, J = 8.4 Hz, 1H), 5.21 (s, 2H), 3.94 (s, 3H), 3.88 

(s, 3H); 13C NMR (100 MHz, CDCl3) ŭ = 167.0, 152.2, 149.3, 136.5, 128.8, 128.2, 127.3, 

123.5, 123.1, 112.58, 112.56, 70.9, 56.2, 52.1 ppm. HRMS (TOF, ES+) calcôd for 

C16H16O4, 272.1049; found, 272.1049.  

General Procedure 2: Synthesis of Benzoic Acids  

To a solution of the appropriate methyl ester (1.0 eq) in THF: H2O (1:1; 0.2 M) was 

added lithium hydroxide (1.5 eq). The resulting reaction was heated to 60 °C and 

monitored by LCMS. After 2 hours, the reaction was allowed to cool to room 

temperature before the organic solvent was removed in vacuo. The resulting aqueous 

solution was acidified to pH = 2 using 2 M HCl, which resulted in a white precipitate 

crashing out of solution. This white solid was collected via vacuum filtration, dried in 

vacuo, and carried forward to the next step without any further purification.  

 

Synthesis of 4-ethoxy-3-methoxybenzoic acid (1.102a) 

This compound was synthesized according to general procedure 2. White solid (88.8 

mg, quantitative yield).1H NMR (400 MHz, DMSO-d6) ŭ 7.54 (dd, J = 8.4 Hz, 2.0 Hz, 

1H), 7.44 (d, J = 2.0 Hz, 1H), 7.02 (d, J = 8.4 Hz, 1H), 4.08 (q, 2H), 3.80 (s, 3H), 1.34 (t, 

3H); 13C NMR (100 MHz, DMSO-d6) ŭ = 167.1, 151.9, 148.3, 123.1, 122.8, 112.0, 

111.7, 63.8, 55.4, 14.6 ppm. HRMS (TOF, ES+) calcôd for C10H12O4 , 196.0736 ; found, 

196.0734.  
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Synthesis of 3-methoxy-4-propoxybenzoic acid (1.102b) 

This compound was synthesized according to general procedure 2. White solid (95.3 

mg, quantitative yield).1H NMR (400 MHz, DMSO-d6) ŭ 7.54 (dd, J = 8.4 Hz, 2.0 Hz, 

1H), 7.44 (d, J = 1.9 Hz, 1H), 7.02 (d, J = 8.5 Hz, 1H), 3.98 (t, 2H), 3.80 (s, 3H), 1.75 

(m, 2H), 0.97 (t, 3H); 13C NMR (100 MHz, DMSO-d6) ŭ = 167.1, 152.0, 148.4, 123.2, 

122.8, 112.1, 111.8, 69.7, 55.5, 22.0, 10.4 ppm. HRMS (TOF, ES+) calcôd for C11H14O4 , 

210.0892 ; found, 210.0889.  

 

Synthesis of 4-isopropoxy-3-methoxybenzoic acid (1.102c) 

This compound was synthesized according to general procedure 2. White solid (112.1 

mg, quantitative yield). 1H NMR (400 MHz, DMSO-d6) ŭ 7.53 (dd, J = 8.0 Hz, 2.0 Hz, 

1H), 7.44 (d, J = 2.0 Hz, 1H), 7.04 (d, J = 8.6 Hz, 1H), 4.67 (m, 1H), 3.78 (s, 3H), 1.28 

(d, 6H); 13C NMR (100 MHz, DMSO-d6) ŭ = 167.1, 150.8, 149.0, 123.1, 122.7, 113.3, 

112.4, 70.2, 55.4, 21.8 ppm. HRMS (TOF, ES+) calcôd for C11H14O4, 210.0892 ; found, 

210.0892.  
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Synthesis of 4-cyclopropoxy-3-methoxybenzoic acid (1.102d) 

This compound was synthesized according to general procedure 2. White solid (112.4 

mg, quantitative yield). 1H NMR (400 MHz, DMSO-d6) ŭ 7.58 (dd, J = 8.4 Hz, 1.9 Hz, 

1H), 7.44 (d, J = 1.8 Hz, 1H), 7.32 (d, J = 8.4 Hz, 1H), 3.89 (m, 1H), 3.77 (s, 3H), 0.83-

0.78 (m, 2H), 0.70-0.66 (m, 2H); 13C NMR (100 MHz, DMSO-d6) ŭ = 167.1, 151.9, 

148.2, 123.4, 123.0, 112.9, 112.0, 55.4, 51.4, 5.9 ppm. HRMS (TOF, ES+) calcôd for  

C11H12O4, 208.0736; found, 208.0735. 

 

Synthesis of  4-(cyclopentyloxy)-3-methoxybenzoic acid (1.102e) 

This compound was synthesized according to general procedure 2. White solid (122.0 

mg, quantitative yield). 1H NMR (400 MHz, DMSO-d6) ŭ 7.53 (dd, J = 8.0 Hz, 2.0 Hz, 

1H), 7.43 (d, J = 2.0 Hz, 1H), 7.01 (d, J = 8.5 Hz, 1H), 4.86 (m, 1H), 3.78 (s, 3H), 1.96-

1.90 (m, 2H), 1.73-1.68 (m, 4H), 1.61-1.54 (m, 2H); 13C NMR (100 MHz, DMSO-d6) ŭ = 

167.1, 151.0, 148.9, 123.1, 122.6, 113.1, 112.3, 79.6, 55.4, 32.3, 23.7 ppm. HRMS 

(TOF, ES+) calcôd for C13H16O4 , 236.1049 ; found, 236.1050.  

 

Synthesis of 3-methoxy-4-(2,2,2-trifluoroethoxy)benzoic acid (1.102f) 

This compound was synthesized according to general procedure 2. White solid (225 

mg, 95% yield). 1H NMR (400 MHz, DMSO-d6) ŭ 7.55 (dd, J = 8.4, 1.9 Hz, 1H), 7.51 (d, 
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J = 1.9 Hz, 1H), 7.17 (d, J = 8.4 Hz, 1H), 4.81 (q, 2H), 3.84 (s, 3H); 13C NMR (100 MHz, 

DMSO-d6) ŭ = 166.9, 149.9, 148.6, 125.1, 123.9 (q, JCF = 277.0 Hz), 122.7, 113.6, 

112.7, 65.3 (q, JCF = 34.1 Hz), 55.7 ppm. HRMS (TOF, ES+) calcôd for C10H9F3O4, 

250.0453; found, 250.0454.  

 

Synthesis of 3-methoxy-4-(neopentyloxy)benzoic acid (1.102g) 

This compound was synthesized according to general procedure 2. White solid (166 

mg, 88% yield).1H NMR (400 MHz, DMSO-d6) ŭ 7.54 (dd, J = 8.4, 1.9 Hz, 1H), 7.44 (d, 

J = 1.9 Hz, 1H), 7.02 (d, J = 8.4 Hz, 1H), 3.81 (s, 3H), 3.68 (s, 2H), 1.00 (s, 9H); 13C 

NMR (100 MHz, DMSO-d6) ŭ = 167.1, 152.6, 148.5, 123.3, 122.8, 112.5, 112.1, 77.9, 

55.8, 31.7, 26.3 ppm. HRMS (TOF, ES+) calcôd for C13H18O4, 238.1205; found, 

238.1207.  

 

Synthesis of 4-isobutoxy-3-methoxybenzoic acid (1.102h) 

This compound was synthesized according to general procedure 2. White solid (188 

mg, 91% yield). 1H NMR (400 MHz, DMSO-d6) ŭ 7.54 (dd, J = 8.4, 1.9 Hz, 1H), 7.44 (d, 

J = 1.8 Hz, 1H), 7.02 (d, J = 8.4 Hz, 1H), 3.80 (s, 3H), 3.79 (d, 2H), 2.04 (m, 1H), 0.97 

(d, 6H); 13C NMR (100 MHz, DMSO-d6) ŭ = 167.1, 152.2, 148.5, 123.2, 122.8, 112.2, 
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111.9, 74.4, 55.6,  27.7, 19.0 ppm. HRMS (TOF, ES+) calcôd for C12H16O4, 224.1049; 

found, 224.1051.  

 

Synthesis of 4-(cyclopropylmethoxy)-3-methoxybenzoic acid (1.102i) 

This compound was synthesized according to general procedure 2. White solid (199 

mg, 96% yield).1H NMR (400 MHz, DMSO-d6) ŭ 7.52 (dd, J = 8.4, 1.9 Hz, 1H), 7.44 (d, 

J = 1.9 Hz, 1H), 6.99 (d, J = 8.5 Hz, 1H), 3.86 (d, 2H), 3.81 (s, 3H), 1.28-1.19 (m, 1H), 

0.60-0.55 (m, 2H), 0.34-0.30 (m, 2H); 13C NMR (100 MHz, DMSO-d6) ŭ = 167.1, 152.0, 

148.3, 123.1, 122.8, 112.0, 111.8, 72.8, 55.4, 10.1, 3.2 ppm. HRMS (TOF, ES+) calcôd 

for C12H14O4, 222.0892; found, 222.0894.  

 

Synthesis of 4-(cyclobutylmethoxy)-3-methoxybenzoic acid (1.102j) 

This compound was synthesized according to general procedure 2. White solid (202 

mg, 93% yield). 1H NMR (400 MHz, DMSO-d6) ŭ 7.54 (dd, J = 8.4, 1.9 Hz, 1H), 7.43 (d, 

J = 1.9 Hz, 1H), 7.03 (d, J = 8.5 Hz, 1H), 4.00 (d, 2H), 3.79 (s, 3H), 2.72 (m, 1H), 2.11-

2.03 (m, 2H), 1.94-1.78 (m, 4H) ; 13C NMR (100 MHz, DMSO-d6) ŭ = 167.1, 152.2, 

148.4, 123.2, 122.9, 112.2, 112.0, 72.3, 55.5, 33.9, 24.4, 18.1 ppm. HRMS (TOF, ES+) 

calcôd for C13H16O4, 236.1049; found, 236.1051.  
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Synthesis of 4-(cyclopentylmethoxy)-3-methoxybenzoic acid (1.102k) 

This compound was synthesized according to general procedure 2. White solid (190 

mg, 91% yield). 1H NMR (400 MHz, DMSO-d6) ŭ 7.53 (dd, J = 8.4, 1.7 Hz, 1H), 7.44 (d, 

J = 1.6 Hz, 1H), 7.03 (d, J = 8.4 Hz, 1H), 3.89 (d, 2H), 3.80 (s, 3H), 2.32 (m, 1H), 1.80-

1.72 (m, 2H), 1.62-1.51 (m, 4H), 1.36-1.28 (m, 2H); 13C NMR (100 MHz, DMSO-d6) ŭ = 

167.1, 152.2, 148.4, 123.2, 122.8, 112.2, 112.0, 72.3, 55.6, 38.4, 29.0, 24.9 ppm. 

HRMS (TOF, ES+) calcôd for C14H18O4, 250.1205; found, 250.1211.  

 

Synthesis of 4-(benzyloxy)-3-methoxybenzoic acid (1.102L) 

This compound was synthesized according to general procedure 2. White solid (242 

mg, 97% yield). 1H NMR (400 MHz, DMSO-d6) ŭ 7.54 (dd, J = 8.4, 1.9 Hz, 1H), 7.47 (d, 

J = 1.9 Hz, 1H), 7.45-7.32 (m, 5H), 7.13 (d, J = 8.5 Hz, 1H), 5.16 (s, 2H), 3.81 (s, 3H); 

13C NMR (100 MHz, DMSO-d6) ŭ = 167.1, 151.6, 148.6, 136.6, 128.5, 128.0, 127.9, 

123.2, 123.0, 112.4, 112.2, 69.9, 55.5 ppm. HRMS (TOF, ES+) calcôd for C15H14O4, 

258.0892; found, 258.0896.  
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Synthesis of 2-(2-fluoro-4,5-dimethoxyphenoxy)acetic acid (1.208d) 

This compound was synthesized according to general procedure 2. White solid (173 

mg, 97% yield). 1H NMR (400 MHz, DMSO-d6) ŭ 6.95 (d, JHF = 12.8 Hz, 1H), 6.80 (d, 

JHF = 8.4 Hz, 1H), 4.70 (s, 2H), 3.72 (s, 3H), 3.70 (s, 3H); 13C NMR (100 MHz, DMSO-

d6) ŭ = 170.1, 145.6 (d, JCF = 235.0 Hz), 144.9 (d, JCF = 2.0 Hz), 143.2 (d, JCF = 8.0 Hz), 

138.4 (d, JCF = 12.0 Hz), 102.3 (d, JCF = 2.0 Hz), 102.1 (d, JCF = 23.0 Hz), 66.4, 56.4, 

56.3 ppm. HRMS (TOF, ES+) calcôd for C10H11FO5, 230.0591; found, 230.0592.  

General Procedure 3: Synthesis of Benzamides  

To a solution of the appropriate aniline (1.0 eq) in DCM (0.1 M) in a Biotage microwave 

vial was sequentially added N,N-diisopropylethylamine (2.0 eq), the appropriate benzoic 

acid (1.0 eq), and 1-(chloro-1-pyrrolidinylmethylene)pyrrolidiniumhexafluorophosphate 

(PyClU) (1.0 eq). The reaction vial was sealed and heated to 100 °C for 20 minutes 

using a Biotage microwave reactor. After cooling to room temperature, the reaction was 

diluted with DCM and quenched with the addition of saturated NH4Cl. The layers were 

separated, and the aqueous layer was washed with DCM x 3. The combined organic 

layer was passed through a phase separator, concentrated, and purified using flash 

chromatography (Teledyne ISCO system, silica gel column, hexanes:EtOAc).  

 

Synthesis of N-(2-bromo-5-(trifluoromethoxy)phenyl)-4-ethoxy-3-

methoxybenzamide (1.104a) 
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This compound was synthesized according to general procedure 3. White solid (37.5 

mg, 74% yield). 1H NMR (400 MHz, CDCl3) ŭ 8.61 (d, J = 2.5 Hz, 1H), 8.48 (bs, 1H), 

7.58 (d, J = 8.8 Hz, 1H), 7.54 (d, J = 2.1 Hz, 1H), 7.44 (dd, J = 8.4 Hz, 2.1 Hz, 1H), 6.94 

(d, J = 8.4 Hz, 1H), 6.89 (dd, J = 8.8 Hz, 2.0 Hz, 1H), 4.18 (q, 2H), 3.96 (s, 3H), 1.51 (t, 

3H); 13C NMR (100 MHz, CDCl3) ŭ = 165.1, 152.3, 149.8, 149.2, 137.4, 132.9, 126.5, 

120.6 (q, 1JCF = 256 Hz), 119.7, 117.2, 114.3, 111.7, 111.2, 110.7, 64.8, 56.3, 14.8 ppm. 

HRMS (TOF, ES+) calcôd for C17H15BrF3NO4, 433.0137 ; found, 433.0136. 

 

Synthesis of N-(2-bromo-5-(trifluoromethoxy)phenyl)-3-methoxy-4-

propoxybenzamide (1.104b) 

This compound was synthesized according to general procedure 3. White solid (24.6 

mg, 47% yield). 1H NMR (400 MHz, CDCl3) ŭ 8.61 (d, J = 2.4 Hz, 1H), 8.48 (bs, 1H), 

7.58 (d, J = 8.8 Hz, 1H), 7.54 (d, J = 2.1 Hz, 1H), 7.44 (dd, J = 8.0 Hz, 2.1 Hz, 1H), 6.94 

(d, J = 8.4 Hz, 1H), 6.89 (dd, J = 8.0 Hz, 1.9 Hz, 1H), 4.06 (t, 2H), 3.95 (s, 3H), 1.91 (m, 

2H), 1.07 (t, 3H); 13C NMR (100 MHz, CDCl3) ŭ = 165.1, 152.6, 149.9, 149.3, 149.2, 

137.4, 132.9, 126.5, 120.6 (q, 1JCF = 257 Hz), 119.8, 117.2, 114.3, 111.9, 111.3, 110.7, 

70.8, 56.4, 22.5, 10.6 ppm. HRMS (TOF, ES+) calcôd for C18H17BrF3NO4, 447.0293 ; 

found, 447.0288.  
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Synthesis of N-(2-bromo-5-(trifluoromethoxy)phenyl)-4-isopropoxy-3-

methoxybenzamide (1.104c) 

This compound was synthesized according to general procedure 3. White solid (56.8 

mg, 65% yield). 1H NMR (400 MHz, CDCl3) ŭ 8.61 (d, J = 2.4 Hz, 1H), 8.48 (bs, 1H), 

7.58 (d, J = 8.8 Hz, 1H), 7.54 (d, J = 2.1 Hz, 1H), 7.43 (dd, J = 8.0 Hz, 2.2 Hz, 1H), 6.96 

(d, J = 8.4 Hz, 1H), 6.89 (dd, J = 8.0 Hz, 1.9 Hz, 1H), 4.66 (m, 1H), 3.94 (s, 3H), 1.43 (d, 

6H); 13C NMR (100 MHz, CDCl3) ŭ = 165.0, 151.4, 150.5, 149.1, 137.4, 132.9, 126.5, 

120.5 (q, 1JCF = 257 Hz), 119.6, 117.1, 114.2, 113.8, 111.5, 110.7, 71.6, 56.3, 22.1 ppm. 

HRMS (TOF, ES+) calcôd for C18H17BrF3NO4 , 447.0293 ; found, 447.0285.  

 

Synthesis of N-(2-bromo-5-(trifluoromethoxy)phenyl)-4-cyclopropoxy-3-

methoxybenzamide (1.104d) 

This compound was synthesized according to general procedure 3. White solid (28.6 

mg, 82% yield).1H NMR (400 MHz, CDCl3) ŭ 8.61 (d, J = 2.2 Hz, 1H), 8.49 (bs, 1H), 

7.59 (d, J = 8.8 Hz, 1H), 7.54 (d, J = 2.0 Hz, 1H), 7.47 (dd, J = 8.0 Hz, 2.1 Hz, 1H), 7.35 

(d, J = 8.4 Hz, 1H), 6.89 (m, 1H), 3.94 (s, 3H), 3.83 (m, 1H), 0.92-0.86 (m, 4H); 13C 

NMR (100 MHz, CDCl3) ŭ = 165.0, 152.3, 149.5, 149.2, 137.3, 132.9, 127.0, 120.5 (q, 

1JCF = 257 Hz), 119.5, 117.2, 114.2, 113.0, 111.0, 110.7, 56.2, 52.1, 6.5 ppm. HRMS 

(TOF, ES+) calcôd for  C18H15BrF3NO4, 445.0137 ; found, 445.0140.  
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Synthesis of N-(2-bromo-5-(trifluoromethoxy)phenyl)-4-(cyclopentyloxy)-3-

methoxybenzamide (1.104e) 

This compound was synthesized according to general procedure 3. White solid (65.7 

mg, 71% yield).1H NMR (400 MHz, CDCl3) ŭ 8.61 (d, J = 2.4 Hz, 1H), 8.48 (bs, 1H), 

7.59 (d, J = 8.8 Hz, 1H), 7.53 (d, J = 2.1 Hz, 1H), 7.43 (dd, J = 8.0 Hz, 2.2 Hz, 1H), 6.94 

(d, J = 8.4 Hz, 1H), 6.89 (dd, J = 8.0 Hz, 2.0 Hz, 1H), 4.86 (m, 1H), 3.93 (s, 3H), 2.03-

1.84 (m, 6H), 1.68-1.63 (m, 2H); 13C NMR (100 MHz, CDCl3) ŭ = 165.1, 151.8, 150.3, 

149.2, 137.4, 132.9, 126.2, 120.5 (q, 1JCF = 255 Hz), 119.6, 117.1, 114.2, 113.5, 111.4, 

110.7, 80.8, 56.3, 33.0, 24.3 ppm. HRMS (TOF, ES+) calcôd for  C20H19BrF3NO4, 

473.0450 ; found, 473.0450.  

 

Synthesis of N-(2-bromo-5-chlorophenyl)-3,4-dimethoxybenzamide (1.11b) 

This compound was synthesized according to general procedure 3. White solid (102.1 

mg, 57% yield). 1H NMR (400 MHz, CDCl3) ŭ 8.66 (d, J = 2.5 Hz, 1H), 8.41 (bs, 1H), 

7.53 (d, J = 2.1 Hz, 1H), 7.48 (d, J = 8.6 Hz, 1H), 7.46 (dd, J = 8.4 Hz, 2.2 Hz, 1H ), 6.99 

(dd, J = 8.6 Hz, 2.5 Hz, 1H), 6.95 (d, J = 8.4 Hz, 1H), 3.97 (s, 3H), 3.96 (s, 3H); 13C 

NMR (100 MHz, CDCl3) ŭ = 164.9, 152.8, 149.6, 137.0, 134.7, 132.9, 126.9, 125.1, 
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121.5, 119.8, 111.2, 110.9, 110.7, 56.3, 56.2 ppm. HRMS (TOF, ES+) calcôd for  

C15H13BrClNO3, 368.9767 ; found, 368.9768.  

 

Synthesis of N-(2-bromo-5-(trifluoromethoxy)phenyl)-3,4-dimethoxybenzamide 

(1.11a) 

This compound was synthesized according to general procedure 3. White solid (32.6 

mg, 81% yield).1H NMR (400 MHz, CDCl3) ŭ 8.60 (d, J = 2.6 Hz, 1H), 8.48 (bs, 1H), 

7.58 (d, J = 8.8 Hz, 1H), 7.54 (d, J = 2.8 Hz, 1H), 7.46 (dd, J = 8.4 Hz, 2.1 Hz, 1H), 6.95 

(d, J = 8.4 Hz, 1H), 6.89 (dd, J = 8.8 Hz, 2.0 Hz, 1H), 3.97 (s, 3H), 3.96 (s, 3H); 13C 

NMR (100 MHz, CDCl3) ŭ = 164.9, 152.8, 149.6, 149.1, 137.3, 132.9, 126.7, 120.7 (q, 

1JCF = 257 Hz), 119.2, 117.2, 114.2, 110.9, 110.7, 110.6, 56.3, 56.2 ppm. HRMS (TOF, 

ES+) calcôd for C16H13BrF3NO4 , 418.9980 ; found, 418.9981. 

 

Synthesis of N-(2-bromo-5-(trifluoromethoxy)phenyl)-4-(cyclopropylmethoxy)-3-

methoxybenzamide (1.104i) 

This compound was synthesized according to general procedure 3. White solid (1.86 g, 

53% yield). 1H NMR (400 MHz, CDCl3) ŭ 8.61 (d, J = 2.3 Hz, 1H), 8.47 (bs, 1H), 7.58 (d, 

J = 8.8 Hz, 1H), 7.54 (d, J = 2.1 Hz, 1H), 7.43 (dd, J = 8.4, 2.1 Hz, 1H), 6.93 (d, J = 8.4 
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Hz, 1H), 6.91-6.87 (m, 1H), 3.97 (s, 3H), 3.94 (d, 2H), 1.40-1.33 (m, 1H), 0.71-0.66 (m, 

2H), 0.42-0.38 (m, 2H); 13C NMR (100 MHz, CDCl3) ŭ = 165.0, 152.4, 149.9, 149.1, 

137.3, 132.9, 126.6, 120.5 (q, JCF = 256.6 Hz), 119.6, 117.1, 114.2, 112.2, 111.2, 110.7, 

74.1, 56.3, 10.2, 3.6 ppm. HRMS (TOF, ES+) calcôd for C19H17BrF3NO4, 459.0293; 

found 459.0296.  

General Procedure 4: Synthesis of Triazoles  

To a suspension of the appropriate benzamide (1.0 eq), 1,2,4-triazole (1.0 eq), 

potassium phosphate tribasic (2.5 eq), and copper (I) iodide (0.05 eq) in DMF (0.1 M) 

was added trans-N,Nô-dimethylcyclohexane-1,2-diamine (0.10 eq). The resulting 

suspension was degassed by vigorously bubbling argon through the mixture for one 

minute. The reaction was then heated to 100 °C for 16 hours, whereupon LCMS 

indicated complete consumption of starting material and formation of the desired 

product. The reaction was diluted with EtOAc and filtered over a pad of celite. The 

resulting organic material was concentrated and purified using a Gilson HPLC system 

(30 x 50 mm column; H2O with 0.1% TFA:acetonitrile). Fractions containing the desired 

product were quenched with saturated NaHCO3, extracted with DCM, and concentrated 

to liberate the product as the free base. 

 

Synthesis of N-(2-(1H-1,2,4-triazol-1-yl)-5-(trifluoromethoxy)phenyl)-4-ethoxy-3-

methoxybenzamide (1.114) 
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This compound was synthesized according to general procedure 4. White solid (15.6 

mg, 60% yield). 1H NMR (400 MHz, CDCl3) ŭ 10.50 (bs, 1H), 8.76 (d, J = 2.0 Hz, 1H), 

8.53 (s, 1H), 8.30 (s, 1H), 7.51 (d, J = 2.1 Hz, 1H), 7.44 (d, J = 8.8 Hz, 1H), 7.41 (dd, J = 

8.5 Hz, 2.2 Hz, 1H), 7.09 (m, 1H), 6.93 (d, J = 8.4 Hz, 1H), 4.18 (q, 2H), 3.95 (s, 3H), 

1.51 (t, 3H); 13C NMR (100 MHz, CDCl3) ŭ = 165.1, 153.1, 152.2, 149.8, 149.5, 143.9, 

133.7, 126.3, 123.8, 123.6, 120.5 (q, 1JCF = 257 Hz), 120.1, 116.0, 115.6, 111.7, 110.9, 

64.7, 56.2, 14.8 ppm. HRMS (TOF, ES+) calcôd for C19H17F3N4O4 , 422.1202 ; found, 

422.1204. 

 

Synthesis of N-(2-(1H-1,2,4-triazol-1-yl)-5-(trifluoromethoxy)phenyl)-3-methoxy-4-

propoxybenzamide (1.115) 

This compound was synthesized according to general procedure 4. Colorless oil (13.7 

mg, 51% yield). 1H NMR (400 MHz, CDCl3) ŭ 10.52 (bs, 1H), 8.76 (d, J = 2.1 Hz, 1H), 

8.51 (s, 1H), 8.30 (s, 1H), 7.51 (d, J = 2.2 Hz, 1H), 7.43 (d, J = 8.8 Hz, 1H), 7.41 (dd, J = 

8.5 Hz, 2.2 Hz, 1H), 7.09 (m, 1H), 6.93 (d, J = 8.4 Hz, 1H), 4.06 (t, 2H), 3.95 (s, 3H), 

1.91 (m, 2H), 1.06 (t, 3H); 13C NMR (100 MHz, CDCl3) ŭ = 165.1, 153.1, 152.4, 149.7, 

149.6, 143.9, 133.7, 126.2, 123.8, 123.6, 120.5 (q, 1JCF = 257 Hz), 120.1, 116.0, 115.6, 

111.9, 111.0, 70.7, 56.2, 22.5, 10.5 ppm. HRMS (TOF, ES+) calcôd for  C20H19F3N4O4,  

436.1358; found, 436.1358. 
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Synthesis of N-(2-(1H-1,2,4-triazol-1-yl)-5-(trifluoromethoxy)phenyl)-4-isopropoxy-

3-methoxybenzamide (1.116) 

This compound was synthesized according to general procedure 4. Colorless oil (11.0 

mg, 56% yield). 1H NMR (400 MHz, CDCl3) ŭ 10.51 (bs, 1H), 8.76 (d, J = 2.0 Hz, 1H), 

8.51 (s, 1H), 8.30 (s, 1H), 7.51 (d, J = 2.1 Hz, 1H), 7.43 (d, J = 8.8 Hz, 1H), 7.40 (dd, J = 

8.4 Hz, 2.2 Hz, 1H), 7.09 (m, 1H), 6.95 (d, J = 8.5 Hz, 1H), 4.66 (m, 1H), 3.94 (s, 3H), 

1.42 (d, 6H); 13C NMR (100 MHz, CDCl3) ŭ = 165.1, 153.1, 151.3, 150.3, 149.8, 143.9, 

133.8, 126.2, 123.8, 123.7, 120.5 (q, 1JCF = 255 Hz), 120.0, 116.0, 115.6, 113.7, 111.3, 

71.5, 56.2, 22.1 ppm. HRMS (TOF, ES+) calcôd for C20H19F3N4O4 , 436.1358 ; found, 

436.1361. 

 

Synthesis of N-(2-(1H-1,2,4-triazol-1-yl)-5-(trifluoromethoxy)phenyl)-4-

cyclopropoxy-3-methoxybenzamide (1.117) 

This compound was synthesized according to general procedure 4. White solid (8.7 mg, 

68% yield).1H NMR (400 MHz, CDCl3) ŭ 10.54 (bs, 1H), 8.77 (d, J = 2.1 Hz, 1H), 8.51 

(s, 1H), 8.31 (s, 1H), 7.51 (d, J = 2.0 Hz, 1H), 7.44 (d, J = 8.8 Hz, 1H), 7.43 (dd, J = 8.4 

Hz, 2.1 Hz, 1H), 7.33 (d, J = 8.4 Hz, 1H), 7.09 (dd, J =  8.8 Hz, 1.6 Hz, 1H), 3.93 (s, 
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3H), 3.82 (m, 1H), 0.90-0.84 (m, 4H); 13C NMR (100 MHz, CDCl3) ŭ = 165.1, 153.2, 

152.3, 149.8, 149.3, 143.9, 133.7, 126.8, 123.8, 123.6, 120.5 (q, 1JCF = 257 Hz), 119.9, 

116.0, 115.6, 113.0, 110.9, 56.1, 52.0, 6.5 ppm. HRMS (TOF, ES+) calcôd for  

C20H17F3N4O4, 434.1202; found, 434.1204. 

 

Synthesis of N-(2-(1H-1,2,4-triazol-1-yl)-5-(trifluoromethoxy)phenyl)-4-

(cyclopentyloxy)-3-methoxybenzamide (1.121) 

This compound was synthesized according to general procedure 4. White solid (25.3 

mg, 58% yield).1H NMR (400 MHz, CDCl3) ŭ 10.50 (bs, 1H), 8.76 (d, J = 2.1 Hz, 1H), 

8.51 (s, 1H), 8.30 (s, 1H), 7.49 (d, J = 2.0 Hz, 1H), 7.43 (d, J = 8.8 Hz, 1H), 7.39 (dd, J = 

8.4 Hz, 2.1 Hz, 1H), 7.08 (dd, J = 8.7 Hz, 1.6 Hz, 1H), 6.92 (d, J = 8.4 Hz, 1H), 4.85 (m, 

1H), 3.92 (s, 3H), 2.02-1.83 (m, 6H), 1.67-1.62 (m, 2H); 13C NMR (100 MHz, CDCl3) ŭ = 

165.2, 153.1, 151.7, 150.1, 149.7, 143.9, 133.8, 125.9, 123.8, 123.6, 120.5 (q, 1JCF = 

257 Hz), 120.0, 115.9, 115.6, 113.4, 111.2, 80.7, 56.2, 33.0, 24.3 ppm. HRMS (TOF, 

ES+) calcôd for C22H21F3N4O4 ,462.1515 ; found, 462.1518.  
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Synthesis of N-(5-chloro-2-(1H-1,2,4-triazol-1-yl)phenyl)-3,4-dimethoxybenzamide 

(1.8) 

This compound was synthesized according to general procedure 4. White solid (49.7 

mg, 51% yield).1H NMR (400 MHz, CDCl3) ŭ 10.50 (bs, 1H), 8.81 (d, J = 2.3 Hz, 1H), 

8.50 (s, 1H), 8.28 (s, 1H), 7.50 (d, J = 2.0 Hz, 1H), 7.43 (dd, J = 8.4 Hz, 2.0 Hz, 1H), 

7.34 (d, J = 8.6 Hz,, 1H), 7.20 (dd, J = 8.5 Hz, 2.3 Hz, 1H), 6.94 (d, J = 8.4 Hz, 1H), 3.96 

(s, 3H), 3.95 (s, 3H); 13C NMR (100 MHz, CDCl3) ŭ = 165.0, 153.0, 152.7, 149.3, 143.8, 

135.8, 133.1, 126.6, 124.1, 123.4, 123.1, 120.1, 110.7, 110.6, 56.2, 56.1 ppm. HRMS 

(TOF, ES+) calcôd for C17H15ClN4O3 ,358.0833 ; found, 358.0835. 

 

Synthesis of N-(2-(1H-1,2,4-triazol-1-yl)-5-(trifluoromethoxy)phenyl)-3,4-

dimethoxybenzamide (1.23) 

This compound was synthesized according to general procedure 4. White solid (11.7 

mg, 60% yield).1H NMR (400 MHz, CDCl3) ŭ 10.50 (bs, 1H), 8.77 (d, J = 1.9 Hz, 1H), 

8.51 (s, 1H), 8.30 (s, 1H), 7.52 (d, J = 2.1 Hz, 1H), 7.44 (m, 2H), 7.10 (m, 1H), 6.95 (d, J 

= 8.4 Hz, 1H), 3.97 (s, 3H), 3.96 (s, 3H); 13C NMR (100 MHz, CDCl3) ŭ = 165.1, 153.1, 

152.8, 149.7, 149.4, 143.9, 133.7, 126.5, 123.8, 123.6, 120.5 (q, 1JCF = 257 Hz), 120.1, 

116.0, 115.6, 110.7, 110.6, 56.2, 56.1 ppm. HRMS (TOF, ES+) calcôd for C18H15F3N4O4, 

408.1045 ; found, 408.1047.  



107 
 

 

Synthesis of 1-(4-chloro-2-nitrophenyl)-1H-1,2,4-triazole (1.317)  

This compound was synthesized according to general procedure 4. Beige solid (2.13 g, 

56% yield). 1H NMR (400 MHz, CDCl3) ŭ 8.39 (s, 1H), 8.11 (s, 1H), 8.02 (d, J = 2.3 Hz, 

1H), 7.74 (dd, J = 8.5, 2.3 Hz, 1H), 7.55 (d, J = 8.5 Hz, 1H); 13C NMR (100 MHz, CDCl3) 

ŭ = 153.4, 144.8, 144.0, 136.4, 133.9, 128.8, 128.6, 125.9 ppm. HRMS (TOF, ES+) 

calcôd for C8H5ClN4O2, 224.0101; found, 224.0103.  

 

Synthesis of 1-(2-nitro-4-(trifluoromethoxy)phenyl)-1H-1,2,4-triazole (1.318)  

This compound was synthesized according to general procedure 4. White solid (2.35 g, 

49% yield). 1H NMR (400 MHz, CDCl3) ŭ 8.41 (s, 1H), 8.12 (s, 1H), 7.90 (d, J = 2.5 Hz, 

1H), 7.67 (d, J = 8.5 Hz, 1H), 7.63-7.61 (m, 1H) ; 13C NMR (100 MHz, CDCl3) ŭ = 153.5, 

149.4 (d, JCF = 2.0 Hz), 145.0, 144.1, 129.2, 128.7, 125.7, 120.3 (q, JCF = 259.0 Hz), 

118.4 ppm. HRMS (TOF, ES+) calcôd for C9H5F3N4O3, 274.0314; found, 274.0315.  

General Procedure 5: Synthesis of Triazoles  

To a solution of aniline (1.146) (1.0 eq) in CH2Cl2 (0.1 M) in a Biotage microwave vial 

was added the appropriate benzoic acid (12, 17a-g, or 27) (1.0 eq), N,N-
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diisopropylethylamine (3.0 eq), and chlorodipyrrolidinocarbenium hexafluorophosphate 

(PyClU) (1.0 eq) at room temperature. The vial was sealed and heated to 100 °C using 

a Biotage microwave reactor for 30 min, whereupon LCMS showed formation of the 

desired product. The reaction mixture was diluted with DCM and quenched with the 

addition of saturated NH4Cl. The layers were separated, and the aqueous layer was 

washed with DCM x 3. The combined organic layer was passed through a phase 

separator, concentrated, and purified using a Gilson HPLC system (30 x 50 mm column; 

H2O with 0.1% TFA:acetonitrile). Fractions containing the desired product were 

quenched with saturated NaHCO3, extracted with DCM, and concentrated to liberate the 

product as the free base.   

 

Synthesis of N-(2-(1H-1,2,4-triazol-1-yl)-5-(trifluoromethoxy)phenyl)-3-(3,4-

dimethoxyphenyl)propanamide  (1.209b) 

This compound was synthesized according to general procedure 5. White solid (91.1 

mg, 51% yield). 1H NMR (400 MHz, CDCl3) ŭ 9.52 (bs, 1H), 8.55 (d, J = 2.2 Hz, 1H), 

8.40 (s, 1H), 8.18 (s, 1H), 7.34 (d, J = 8.8 Hz, 1H), 7.05 (dd, J = 8.7, 1.4 Hz, 1H), 6.75-

6.69 (m, 3H), 3.85 (s, 3H), 3.80 (s, 3H), 2.96 (t, 2H), 2.64 (t, 2H) ;13C NMR (100 MHz, 

CDCl3) ŭ = 170.9, 153.1, 149.6, 149.0, 147.7, 143.7, 133.1, 132.8, 123.8, 123.6, 120.5 

(q, JCF = 257.2 Hz), 120.2, 116.1, 115.7, 111.8, 111.4, 56.0, 55.9, 40.4, 31.0 ppm. 

HRMS (TOF, ES+) calcôd for C20H19F3N4O4, 436.1358; found, 436.1363.  
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Synthesis of N-(2-(1H-1,2,4-triazol-1-yl)-5-(trifluoromethoxy)phenyl)-3-(2-fluoro-

4,5-dimethoxyphenyl)propanamide (1.209a)  

This compound was synthesized according to general procedure 5. White solid (107 

mg, 57% yield). 1H NMR (400 MHz, CDCl3) ŭ 9.59 (bs, 1H), 8.55 (d, J = 2.1 Hz, 1H), 

8.40 (s, 1H), 8.19 (s, 1H), 7.34 (d, J = 8.8 Hz, 1H),7.07-7.04 (m, 1H), 6.64 (d, J = 7.2 

Hz, 1H), 6.54 (d, J = 11.2 Hz, 1H), 3.83 (s, 3H), 3.75 (s, 3H), 2.96 (t, 2H), 2.63 (t, 2H); 

13C NMR (100 MHz, CDCl3) ŭ = 170.8, 155.0 (d, JCF = 236.4 Hz), 153.1, 149.6, 148.5 

(d, JCF = 9.8 Hz), 145.1 (d, JCF = 2.0 Hz), 143.7, 133.1, 123.7, 123.6, 120.5 (q, JCF = 

257.1 Hz), 117.3 (d, JCF = 17.2 Hz), 116.1, 115.7, 113.0 (d, JCF = 6.1 Hz), 100.2 (d, JCF 

= 27.9 Hz), 56.4, 56.2, 38.8, 24.9 ppm. HRMS (TOF, ES+) calcôd for C20H18F4N4O4, 

454.1264; found, 454.1264.  

 

Synthesis of N-(2-(1H-1,2,4-triazol-1-yl)-5-(trifluoromethoxy)phenyl)-2-(2-fluoro-

4,5-dimethoxyphenoxy)acetamide (1.209d) 

This compound was synthesized according to general procedure 5. White solid (91.6 

mg, 49% yield). 1H NMR (400 MHz, CDCl3) ŭ 10.72 (bs, 1H), 8.65 (d, J = 2.4 Hz, 1H), 

8.44 (s, 1H), 8.19 (s, 1H), 7.42 (d, J = 8.8 Hz, 1H), 7.14-7.11 (m, 1H), 6.73 (d, J = 12.1 
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Hz, 1H), 6.58 (d, J = 7.9 Hz, 1H), 4.60 (s, 2H), 3.84 (s, 6H) ;13C NMR (100 MHz, CDCl3) 

ŭ = 167.1, 153.4 (d, JCF = 2.5 Hz), 149.7, 146.8 (d, JCF = 238.0 Hz), 145.3 (d, JCF = 2.6 

Hz), 144.9 (d, JCF = 7.9 Hz), 143.6, 137.9 (d, JCF = 12.0 Hz), 132.7, 124.3, 124.2, 120.5 

(q, JCF = 257.4 Hz), 116.7, 115.7, 102.3 (d, JCF = 2.0 Hz), 101.8 (d, JCF = 23.4 Hz), 70.3, 

56.8, 56.7 ppm. HRMS (TOF, ES+) calcôd for C19H16F4N4O5, 456.1057; found, 

456.1063.    

 

Synthesis of N-(2-(1H-1,2,4-triazol-1-yl)-5-(trifluoromethoxy)phenyl)-3-methoxy-4-

(2,2,2-trifluoroethoxy)benzamide (1.124) 

This compound was synthesized according to general procedure 5. White solid (16.0 

mg, 41% yield). 1H NMR (400 MHz, CDCl3) ŭ 10.60 (bs, 1H), 8.74 (d, J = 2.1 Hz, 1H), 

8.52 (s, 1H), 8.29 (s, 1H), 7.56 (d, J = 2.0 Hz, 1H), 7.45 (d, J = 8.8 Hz, 1H), 7.39 (dd, J = 

8.3, 2.0 Hz, 1H), 7.10 (dd, J = 8.7, 1.6 Hz, 1H), 7.03 (d, J = 8.3 Hz, 1H), 4.46 (q, 2H), 

3.95 (s, 3H); 13C NMR (100 MHz, CDCl3) ŭ = 164.7, 153.1, 150.6, 150.3, 149.7 (d, JCF = 

1.7 Hz), 143.9, 133.4, 129.5, 123.9, 123.5, 123.4 (q, JCF = 277.0 Hz), 120.5 (q, JCF = 

257.0 Hz), 119.6, 116.24, 116.16, 115.6, 112.1, 67.5 (q, JCF = 35.5 Hz), 56.2 ppm. 

HRMS (TOF, ES+) calcôd for C19H14F6N4O4, 476.0919; found, 476.0923.  
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Synthesis of N-(2-(1H-1,2,4-triazol-1-yl)-5-(trifluoromethoxy)phenyl)-3-methoxy-4-

(neopentyloxy)benzamide (1.126) 

This compound was synthesized according to general procedure 5. Colorless oil (14.4 

mg, 38% yield). 1H NMR (400 MHz, CDCl3) ŭ 10.51 (bs, 1H), 8.77 (d, J = 2.1 Hz, 1H), 

8.51 (s, 1H), 8.29 (s, 1H), 7.50 (d, J = 2.1 Hz, 1H), 7.43 (d, J = 8.8 Hz, 1H), 7.41 (dd, J = 

8.4, 2.2 Hz, 1H), 7.09 (dd, J = 8.8, 1.7 Hz, 1H) 6.92 (d, J = 8.4 Hz, 1H), 3.93 (s, 3H), 

3.70 (s, 2H), 1.08 (s, 9H); 13C NMR (100 MHz, CDCl3) ŭ = 165.2, 153.3, 153.1, 150.0, 

149.7 (d, JCF = 2.0 Hz),, 143.9, 133.8, 126.1, 123.8, 123.6, 120.5 (q, JCF = 257.3 Hz), 

120.3, 116.0, 115.6, 112.4, 111.6, 79.1, 56.5, 32.3, 26.8 ppm. HRMS (TOF, ES+) calcôd 

for C22H23F3N4O4, 464.1671; found, 464.1675.   

 

Synthesis of N-(2-(1H-1,2,4-triazol-1-yl)-5-(trifluoromethoxy)phenyl)-4-isobutoxy-3-

methoxybenzamide (1.125) 

This compound was synthesized according to general procedure 5. White solid (14.8 

mg, 40% yield). 1H NMR (400 MHz, CDCl3) ŭ 10.52 (bs, 1H), 8.75 (d, J = 2.2 Hz, 1H), 

8.51 (s, 1H), 8.29 (s, 1H), 7.49 (d, J = 2.1 Hz, 1H), 7.43 (d, J = 8.8 Hz, 1H), 7.40 (dd, J = 

8.4, 2.1 Hz, 1H), 7.07 (dd, J = 8.8, 1.6 Hz, 1H) 6.92 (d, J = 8.4 Hz, 1H), 3.93 (s, 3H), 
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3.83 (d, 2H), 2.19 (m, 1H), 1.05 (d, 6H); 13C NMR (100 MHz, CDCl3) ŭ = 165.1, 153.1, 

152.7, 149.7, 143.9, 133.7, 126.2, 123.8, 123.6, 120.5 (q, JCF = 257.0 Hz), 120.1, 115.9, 

115.6, 112.1, 111.2, 75.6, 56.3, 28.2, 19.4 ppm. HRMS (TOF, ES+) calcôd for 

C21H21F3N4O4, 450.1515; found, 450.1520.  

 

Synthesis of N-(2-(1H-1,2,4-triazol-1-yl)-5-(trifluoromethoxy)phenyl)-4-

(cyclopropylmethoxy)-3-methoxybenzamide (1.127) 

This compound was synthesized according to general procedure 5. Beige solid (16.2 

mg, 44% yield). 1H NMR (400 MHz, CDCl3) ŭ 10.52 (bs, 1H), 8.75 (d, J = 2.2 Hz, 1H), 

8.51 (s, 1H), 8.28 (s, 1H), 7.50 (d, J = 2.0 Hz, 1H), 7.43 (d, J = 8.8 Hz, 1H), 7.39 (dd, J = 

8.4, 2.1 Hz, 1H), 7.07 (dd, J = 8.7, 1.7 Hz, 1H), 6.91 (d, J = 8.4 Hz, 1H), 3.95 (s, 3H), 

3.92 (d, 2H), 1.39-1.32 (m, 1H), 0.69-0.65 (m, 2H), 0.40-0.36 (m, 2H); 13C NMR (100 

MHz, CDCl3) ŭ = 165.1, 153.1, 152.3, 149.7 (d, JCF = 2.0 Hz), 149.6, 143.9, 133.7, 

126.3, 123.8, 123.6, 120.5 (q, JCF = 257.1 Hz), 120.0, 115.9, 115.5, 112.1, 111.0, 74.1, 

56.2, 10.2, 3.6 ppm. HRMS (TOF, ES+) calcôd for C21H19F3N4O4, 448.1358; found, 

448.1365.  
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Synthesis of N-(2-(1H-1,2,4-triazol-1-yl)-5-(trifluoromethoxy)phenyl)-4-

(cyclobutylmethoxy)-3-methoxybenzamide (1.128) 

This compound was synthesized according to general procedure 5. White solid (14.8 

mg, 39% yield). 1H NMR (400 MHz, CDCl3) ŭ 10.52 (bs, 1H), 8.76 (d, J = 2.1 Hz, 1H), 

8.51 (s, 1H), 8.29 (s, 1H), 7.50 (d, J = 2.0 Hz, 1H), 7.43 (d, J = 8.8 Hz, 1H), 7.40 (dd, J = 

8.5, 2.0 Hz, 1H), 7.08 (dd, J = 8.7, 1.6 Hz, 1H), 6.93 (d, J = 8.4 Hz, 1H), 4.06 (d, 2H), 

3.93 (s, 3H), 2.87 (m, 1H), 2.21-2.14 (m, 2H), 2.04-1.83 (m, 4H); 13C NMR (100 MHz, 

CDCl3) ŭ = 165.1, 153.1, 152.7, 149.8, 143.9, 133.8, 126.3, 123.8, 123.6, 120.5 (q, JCF 

= 257.2 Hz), 120.1, 116.0, 115.6, 112.2, 111.2, 73.5, 56.3, 34.5, 25.2, 18.8 ppm. HRMS 

(TOF, ES+) calcôd for C22H21F3N4O4, 462.1515; found, 462.1515.  

 

Synthesis of N-(2-(1H-1,2,4-triazol-1-yl)-5-(trifluoromethoxy)phenyl)-4-

(cyclopentylmethoxy)-3-methoxybenzamide (1.129) 

This compound was synthesized according to general procedure 5. Colorless oil (18.7 

mg, 48% yield). 1H NMR (400 MHz, CDCl3) ŭ 10.52 (bs, 1H), 8.76 (d, J = 2.0 Hz, 1H), 

8.51 (s, 1H), 8.29 (s, 1H), 7.49 (d, J = 2.0 Hz, 1H), 7.43 (d, J = 8.8 Hz, 1H), 7.40 (dd, J = 

8.4, 2.0 Hz, 1H), 7.08 (dd, J = 8.8, 1.6 Hz, 1H) 6.93 (d, J = 8.4 Hz, 1H), 3.95 (d, 2H), 

3.93 (s, 3H), 2.46 (m, 1H), 1.90-1.83 (m, 2H), 1.68-1.56 (m, 4H), 1.40-1.33 (m, 2H); 13C 

NMR (100 MHz, CDCl3) ŭ =  165.1, 153.1, 152.7, 149.7, 143.9, 133.7, 126.1, 123.8, 

123.6, 120.5 (q, JCF = 257.0 Hz), 120.1, 115.9, 115.6, 112.1, 111.2, 73.5, 56.3, 39.0, 
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29.7, 25.4 ppm. HRMS (TOF, ES+) calcôd for C23H23F3N4O4, 476.1671; found, 

476.1680.  

 

Synthesis of N-(2-(1H-1,2,4-triazol-1-yl)-5-(trifluoromethoxy)phenyl)-4-(benzyloxy)-

3-methoxybenzamide (1.131) 

This compound was synthesized according to general procedure 5. White solid (19.8 

mg, 50% yield). 1H NMR (400 MHz, CDCl3) ŭ 10.52 (bs, 1H), 8.75 (d, J = 2.2 Hz, 1H), 

8.50 (s, 1H), 8.28 (s, 1H), 7.53 (d, J = 2.1 Hz, 1H), 7.45-7.31 (m, 7H), 7.08 (dd, J = 8.8, 

1.6 Hz, 1H), 6.94 (d, J = 8.4, 1H), 5.25 (s, 2H), 3.97 (s, 3H); 13C NMR (100 MHz, CDCl3) 

ŭ = 165.0, 153.1, 151.9, 149.9, 149.7 (d, JCF = 2.0 Hz), 143.9, 136.4, 133.6, 128.8, 

128.3, 127.3, 126.8, 123.8, 123.6, 120.5 (q, JCF = 257.2 Hz), 119.9, 116.0, 115.6, 112.9, 

111.2, 71.0, 56.2 ppm. HRMS (TOF, ES+) calcôd for C24H19F3N4O4, 484.1358; found, 

484.1364.  

General Procedure 6: Synthesis of Anilines    

To a solution of LiAlH4 (3.5 eq, 1.0 M stock solution in THF) cooled to 0 °C was added a 

solution of the appropriate triazole in THF (1.0 mL) dropwise under an inert atmosphere 

of argon. Upon completion of addition, the reaction was stirred at room temperature for 

3 hr, whereupon LCMS indicated complete consumption of starting material and 

formation of the desired product. The reaction was cooled to 0 °C and quenched with 

the sequential addition of EtOAc and saturated aqueous Rochelle salt solution. The 
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resulting mixture was stirred at room temperature for 2 hr before the layers were 

separated. The aqueous layer was washed with EtOAc x 3. The combined organic 

material was passed through a phase separator, concentrated, and purified using a 

Gilson HPLC system (30 x 50 mm column; H2O with 0.1% TFA:acetonitrile). Fractions 

containing the desired product were quenched with saturated NaHCO3, extracted with 

DCM, and concentrated to liberate the product as the free base.    

 

Synthesis of N-(3,4-dimethoxybenzyl)-2-(1H-1,2,4-triazol-1-yl)-5-

(trifluoromethoxy)aniline (1.140a) 

This compound was synthesized according to general procedure 6. White solid (26.7 

mg, 51% yield). 1H NMR (400 MHz, CDCl3) ŭ 8.34 (s, 1H), 8.13 (s, 1H), 7.18 (d, J = 8.4 

Hz, 1H), 6.87-6.81 (m, 3H), 6.62-6.58 (m, 2H), 5.87 (t, 1H), 4.28 (d, 2H), 3.86 (s, 3H), 

3.84 (s, 3H); 13C NMR (100 MHz, CDCl3) ŭ = 152.8, 150.8 (d, JCF = 1.3 Hz), 149.4, 

148.6, 143.8, 143.7, 130.1, 125.4, 120.8, 120.5 (q, JCF = 256.3 Hz), 119.6, 111.4, 110.6, 

108.2, 105.3, 56.00, 55.96, 47.5 ppm. HRMS (TOF, ES+) calcôd for C18H17F3N4O3, 

394.1253; found, 394.1257.  
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Synthesis of 5-chloro-N-(3,4-dimethoxybenzyl)-2-(1H-1,2,4-triazol-1-yl)aniline 

(1.140b) 

This compound was synthesized according to general procedure 6. Beige solid (32.1 

mg, 58% yield). 1H NMR (400 MHz, CDCl3) ŭ 8.33 (s, 1H), 8.12 (s, 1H), 7.10 (d, J = 8.3 

Hz, 1H), 6.87-6.81 (m, 3H), 6.77 (d, J = 2.1 Hz, 1H) , 6.71 (dd, J = 8.3, 2.2 Hz, 1H), 5.81 

(bs, 1H), 4.28 (d, 2H), 3.86 (s, 3H), 3.85 (s, 3H); 13C NMR (100 MHz, CDCl3) ŭ = 152.8, 

149.4, 148.6, 143.8, 143.1, 136.3, 130.3, 125.2, 121.1, 119.5, 116.5, 112.8, 111.5, 

110.5, 56.02, 56.0, 47.4 ppm. HRMS (TOF, ES+) calcôd for C17H17ClN4O2, 344.1040; 

found, 344.1043.   

 

Synthesis of N-(3-(3,4-dimethoxyphenyl)propyl)-2-(1H-1,2,4-triazol-1-yl)-5-

(trifluoromethoxy)aniline (1.210) 

This compound was synthesized according to general procedure 6. Colorless oil (22.7 

mg, 47% yield). 1H NMR (400 MHz, CDCl3) ŭ 8.31 (s, 1H), 8.16 (s, 1H), 7.15 (d, J = 8.4 

Hz, 1H), 6.78 (d, J = 7.8 Hz, 1H), 6.71-6.69 (m, 2H), 6.58-6.55 (m, 2H), 5.47 (t, 1H), 

3.86 (s, 3H), 3.84 (s, 3H), 3.13 (q, 2H), 2.65 (t, 2H), 1.93 (m, 2H);13C NMR (100 MHz, 

CDCl3) ŭ = 152.8, 151.0, 149.1, 147.5, 143.9, 143.8, 133.7, 125.4, 120.6, 120.5 (q, JCF 

= 256.0 Hz), 120.3, 111.7, 111.4, 107.7, 104.7, 56.0, 55.9, 42.6, 32.8, 30.5 ppm. HRMS 

(TOF, ES+) calcôd for C20H21F3N4O3, 422.1566; found, 422.1568.  
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Synthesis of N-(3-(2-fluoro-4,5-dimethoxyphenyl)propyl)-2-(1H-1,2,4-triazol-1-yl)-5-

(trifluoromethoxy)aniline (1.215) 

This compound was synthesized according to general procedure 6. Colorless oil (21.8 

mg, 45% yield). 1H NMR (400 MHz, CDCl3) ŭ 8.31 (s, 1H), 8.16 (s, 1H), 7.16 (d, J = 8.4 

Hz, 1H), 6.63-6.55 (m, 4H), 5.49 (t, 1H), 3.84 (s, 3H), 3.80 (s, 3H), 3.14 (q, 2H), 2.66 (t, 

2H), 1.91 (m, 2H); 13C NMR (100 MHz, CDCl3) ŭ = 155.1 (d, JCF = 236.0 Hz), 152.9, 

151.0, 148.3 (d, JCF = 9.8 Hz), 145.3 (d, JCF = 2.4 Hz), 143.9, 143.8, 125.5, 120.7, 120.5 

(q, JCF = 256.0 Hz), 118.3 (d, JCF = 17.2 Hz), 112.9 (d, JCF = 6.4 Hz), 107.7, 104.7, 

100.3 (d, JCF = 28.4 Hz), 56.6, 56.3, 42.6, 29.4, 26.1 ppm. HRMS (TOF, ES+) calcôd for 

C20H20F4N4O3, 440.1472; found, 440.1472.   

 

Synthesis of N-(2-(2-fluoro-4,5-dimethoxyphenoxy)ethyl)-2-(1H-1,2,4-triazol-1-yl)-

5-(trifluoromethoxy)aniline (1.217) 

This compound was synthesized according to general procedure 6. White solid (20.8 

mg, 43% yield). 1H NMR (400 MHz, CDCl3) ŭ 8.33 (s, 1H), 8.17 (s, 1H), 7.20 (d, J = 8.6 

Hz, 1H), 6.69-6.59 (m, 4H), 5.92 (t, 1H), 4.20 (t, 2H), 3.82 (s, 3H), 3.80 (s, 3H), 3.50 (q, 

2H);13C NMR (100 MHz, CDCl3) ŭ = 153.0, 151.0, 147.6 (d, JCF = 237.4 Hz), 145.2 (d, 
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JCF = 2.4 Hz), 144.6 (d, JCF = 8.2 Hz), 143.9, 143.8, 138.8 (d, JCF = 11.9 Hz), 125.7, 

121.2, 120.6 (q, JCF = 256.3 Hz), 108.4, 105.0, 104.0 (d, JCF = 2.5 Hz), 101.6 (d, JCF = 

23.9 Hz), 70.1, 56.7, 56.6, 43.0 ppm. HRMS (TOF, ES+) calcôd for C19H18F4N4O4, 

442.1264; found, 442.1265.  

General Procedure 7: Synthesis of Anilines  

To a solution of the appropriate ortho-nitro triazole compound (1.0 eq) in EtOH : H2O 

(5:1) (0.3M) was sequentially added Fe powder (10.0 eq) and NH4Cl (10.0 eq). The 

resulting suspension was heated to 75 °C for 4 hr, whereupon LCMS indicated 

complete consumption of starting material and formation of the desired product. Upon 

cooling to room temperature, the crude reaction mixture was filtered over a pad of celite 

and concentrated. The residue was dissolved in EtOAc and water. The layers were 

separated, and the aqueous layer was washed with EtOAc x 3. The combined organic 

material was washed with brine, dried over MgSO4, filtered, concentrated, and purified 

via flash chromatography (Teledyne ISCO system, silica gel column, hexanes:EtOAc) to 

afford the desired products.    

 

Synthesis of 5-chloro-2-(1H-1,2,4-triazol-1-yl)aniline (1.146b) 

This compound was synthesized according to general procedure 7. White solid (1.01 g, 

58% yield). 1H NMR (400 MHz, CDCl3) ŭ 8.33 (s, 1H), 8.14 (s, 1H), 7.10 (d, J = 8.4 Hz, 

1H), 6.84 (d, J = 2.2 Hz, 1H), 6.76 (dd, J = 8.8, 2.2 Hz, 1H), 4.64 (bs, 2H); 13C NMR 
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(100 MHz, CDCl3) ŭ = 152.7, 143.5, 142.2, 135.7, 125.3, 121.3, 118.2, 117.1 ppm. 

HRMS (TOF, ES+) calcôd for C8H7ClN4 , 194.0359; found, 194.0360.  

 

Synthesis of 2-(1H-1,2,4-triazol-1-yl)-5-(trifluoromethoxy)aniline (1.146a) 

This compound was synthesized according to general procedure 7. White solid (1.1g, 

53% yield).1H NMR (400 MHz, CDCl3) ŭ 8.34 (s, 1H), 8.16 (s, 1H), 7.19 (d, J = 8.6 Hz, 

1H), 6.70-6.69 (m, 1H), 6.67-6.64 (m, 1H), 4.64 (bs, 2H) ; 13C NMR (100 MHz, CDCl3) ŭ 

= 152.8, 150.3 (d, JCF = 2.0 Hz), 143.6, 142.7, 125.6, 121.1, 120.5 (q, JCF = 256.0 Hz), 

110.1, 109.4 ppm. HRMS (TOF, ES+) calcôd for C9H7F3N4O, 244.0572; found, 

244.0574.  

 

Synthesis of ethyl (E)-3-(2-fluoro-4,5-dimethoxyphenyl)acrylate (1.207a) 

To a solution of 6-fluoroveratraldehyde (300 mg, 1.63 mmol) in DCM (6.52 mL) was 

added (carbethoxymethylene)triphenylphosphorane (681 mg, 1.95 mmol) at room 

temperature. The resulting solution was stirred for 16 hr at room temperature 

whereupon LCMS indicated complete consumption of starting material and formation of 

the desired product. The crude reaction mixture was concentrated and purified via flash 

chromatography (Teledyne ISCO system; silica gel column; hexanes:EtOAc; 0-30% 
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EtOAc gradient) to afford the desired material as a white solid (372 mg, 90% yield). 1H 

NMR (400 MHz, CDCl3) ŭ 7.77 (d, J = 16.1 Hz, 1H), 6.95 (d, JHF = 6.8 Hz, 1H), 6.63 (d, 

JHF = 11.6 Hz, 1H), 6.37 (d, J = 16.1 Hz, 1H), 4.26 (q, 2H), 3.89 (s, 3H), 3.88 (s, 3H), 

1.33 (t, 3H); 13C NMR (100 MHz, CDCl3) ŭ = 167.1, 156.5 (d, JCF = 247.0 Hz), 152.0 (d, 

JCF = 10.1 Hz), 145.7, 137.0 (d, JCF = 2.1 Hz), 118.0 (d, JCF = 5.8 Hz), 113.5 (d, JCF = 

12.7 Hz), 109.4 (d, JCF = 4.4 Hz), 100.2 (d, JCF = 28.1 Hz), 60.5, 56.4, 56.3, 14.4 ppm. 

HRMS (TOF, ES+) calcôd for C13H15FO4, 254.0954; found, 254.0954.  

 

Synthesis of 3-(2-fluoro-4,5-dimethoxyphenyl)propanoic acid (1.208a) 

To a suspension of ethyl (E)-3-(2-fluoro-4,5-dimethoxyphenyl)acrylate (1.207a) (340 

mg, 1.34 mmol) and Pd/C (285 mg, 0.134 mmol, 10% w/w Pd) in toluene (10.6 mL) was 

sequentially added acetic acid (153 uL, 2.67 mmol) and sodium borohydride (203 mg, 

5.35 mmol) portionwise. The reaction was sealed and stirred at room temperature for 1 

hr whereupon LCMS showed complete reduction of the Ŭ,ɓ-unsaturated olefin. The 

reaction was diluted with EtOAc and filtered over a pad of celite. The crude organic 

material was concentrated to yield a colorless oil. This oil was redissolved in THF : H2O 

(1:1) (16 mL), and lithium hydroxide (100 mg, 4.01 mmol) was added. After stirring at 

room temperature for 3 hr, the reaction was diluted with EtOAc and acidified to pH ~ 1 

using 2 M HCl. The layers were separated, and the aqueous layer was washed with 

EtOAc x 3. The combined organic material was passed through a phase separator and 

concentrated to afford the desired material as a colorless oil (262 mg, 86% yield) which 
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was carried forward to the next step without any further purification. 1H NMR (400 MHz, 

DMSO-d6) ŭ 6.86 (d, JHF = 7.5 Hz, 1H), 6.82 (d, JHF = 11.6 Hz, 1H), 3.72 (s, 3H), 3.71 (s, 

3H), 2.75 (t, 2H), 2.48 (m, 2H); 13C NMR (100 MHz, DMSO-d6) ŭ = 173.6, 154.3 (d, JCF 

= 234.0 Hz), 148.0 (d, JCF = 10.0 Hz), 144.9 (d, JCF = 2.0 Hz), 117.6 (d, JCF = 17.0 Hz), 

113.4 (d, JCF = 7.0 Hz), 100.5 (d, JCF = 28.0 Hz), 56.0, 55.8, 34.3, 23.4 ppm. HRMS 

(TOF, ES+) calcôd for C11H13FO4, 228.0798; found, 228.0798.  

 

Synthesis of 2-fluoro-4,5-dimethoxyphenol (1.319) 

To a solution of 6-fluoroveratraldehyde (300 mg, 1.63 mmol) in DCM (7.50 mL) was 

added 3-chloroperoxybenzoic acid (562 mg, 2.44 mmol) at room temperature 

portionwise. Upon completion of addition, the reaction was stirred at room temperature 

for 5 hr whereupon LCMS indicated complete consumption of starting materials and 

formation of the desired formate ester. The reaction was diluted with DCM and 

quenched with the addition of saturated sodium thiosulfate. The layers were separated, 

and the aqueous layer was washed with DCM x 3. The combined organic material was 

passed through a phase separator and concentrated. The crude formate ester was 

redissolved in THF : H2O (1:1), and lithium hydroxide (4.89 mmol) was added. The 

reaction was stirred at room temperature for 1 hr before dilution with EtOAc and 

acidification to pH ~1 using 2 M HCl. The layers were separated, and the aqueous layer 

was washed with EtOAc x 3. The combined organic material was passed through a 

phase separator, concentrated, and purified via flash chromatography (Teledyne ISCO 

system; silica gel column; hexanes:EtOAc; 0-30% EtOAc gradient) to afford the desired 
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product as a beige solid (205 mg, 73% yield). 1H NMR (400 MHz, CDCl3) ŭ 6.68 (d, JHF 

= 11.6 Hz, 1H), 6.59 (d, JHF = 8.4 Hz, 1H), 4.79 (bd, 1H), 3.82 (s, 3H), 3.81 (s, 3H); 13C 

NMR (100 MHz, CDCl3) ŭ = 145.7 (d, JCF = 2.5 Hz), 144.5 (d, JCF = 228.3 Hz), 142.5 (d, 

JCF = 7.8 Hz), 136.6 (d, JCF = 15.0 Hz), 102.0 (d, JCF = 2.1 Hz), 101.0 (d, JCF = 23.2 Hz), 

56.8, 56.5 ppm. HRMS (TOF, ES+) calcôd for C8H9FO3, 172.0536; found, 172.0536.  

 

Synthesis of ethyl 2-(2-fluoro-4,5-dimethoxyphenoxy)acetate (1.207d) 

To a solution of 2-fluoro-4,5-dimethoxyphenol (190 mg, 1.10 mmol) in MeCN (3.17 mL) 

in a Biotage microwave vial was added potassium carbonate (310 mg, 2.21 mmol) and 

ethyl bromoacetate (244 uL, 2.21 mmol). The vial was sealed and heated to 170 °C for 

1 hr using a Biotage microwave reactor whereupon LCMS indicated complete 

consumption of starting material and formation of the desired product. The reaction was 

diluted with EtOAc, filtered, concentrated, and purified via flash chromatography 

(Teledyne ISCO system; silica gel column; hexanes:EtOAc; 0-30% EtOAc gradient) to 

afford the desired product as a white solid (231 mg, 81% yield). 1H NMR (400 MHz, 

CDCl3) ŭ 6.70 (d, JHF = 5.6 Hz, 1H), 6.67 (d, JHF = 10.2 Hz, 1H), 4.64 (s, 2H), 4.26 (q, 

2H), 3.83 (s, 3H), 3.82 (s, 3H), 1.30 (t, 3H); 13C NMR (100 MHz, CDCl3) ŭ = 169.2, 

147.4 (d, JCF = 237 Hz), 145.1 (d, JCF = 3.0 Hz), 144.9 (d, JCF = 8.0 Hz), 138.5 (d, JCF = 

12.0 Hz), 104.5 (d, JCF = 2.0 Hz), 101.5 (d, JCF = 24.0 Hz), 69.0 (d, JCF = 3.0 Hz), 61.4, 

56.6, 56.5, 14.3 ppm. HRMS (TOF, ES+) calcôd for C12H15FO5, 258.0904; found, 

258.0906.  
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