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Abstract 

Structure-activity relationship of pyridinium oximes as therapeutics for organophosphorus 

nerve agent poisoning 

 

Adriana Gambino, PhD 

 

University of Pittsburgh, 2021 

 

 

 

 

Organophosphorus nerve agents (OPNAs) are irreversible inhibitors of 

acetylcholinesterase and pose a threat to both military personnel and civilians. Despite providing 

limited protection, 2-pralidoxime (2-PAM) is the only United States Food and Drug 

Administration approved therapeutic for OPNA poisoning. Unfortunately, the spectrum of 2-PAM 

for a panel of OPNAs is narrow, necessitating further research. Herein, the design, synthesis, and 

in vitro activity of 2-PAM analogs is presented. Initial efforts used a methyl scan approach to 

identify ring positions of 2-PAM that could tolerate modification. Subsequently, structure-activity 

relationship (SAR)-guided molecular docking was used to rationalize feasible binding modes for 

2-PAM and the reported methyl scan derivatives. Overall, the data in Section 2.1 provided new 

insights, e.g., that the 4-position of 2-PAM is tolerant of modifications. This information has 

proven to be useful in the rational design of new analogs.  

In Section 2.2, a synthetic strategy for 4-alkyl and aryl ether and 4-alkyl and aryl sulfide 

analogs was developed. With these analogs and paraoxon as an OPNA mimic, SAR studies were 

performed. Through this study, 4-thiophenyl-2-PAM and 4-phenoxy-2-PAM were identified as 

efficient reactivators of inhibited acetylcholinesterase. Furthermore, the SAR study in Section 2.3 

revealed that aryl sulfides were generally more tolerant of additional substituents in comparison to 

related ether analogs.  



 v 

The final section of work (Section 2.4) details the design, synthesis, and in vitro evaluation 

of phenalkyl, phenalkyl ether, and phenethyl phenyl ether analogs. In vitro testing of these analogs 

revealed that 4-phenethyl-2-PAM was a superior reactivator of acetylcholinesterase inhibited by 

sarin, cyclosarin, VX, and tabun in comparison to 2-PAM.  
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1.0 Introduction 

1.1 Acetylcholinesterase 

Acetylcholine (ACh) is a cationic neurotransmitter that plays an essential role within the 

central and peripheral nervous systems.1, 2 Once released from the presynaptic neuron, ACh binds 

to cholinergic receptors to transmit muscle contraction signals across nerve-nerve and 

neuromuscular synapses.3 Given that ACh is one of the most abundant neurotransmitters in the 

human body, regulation of its release is vital for nervous system function.1 Abnormalities in ACh 

transmission has been linked to various pathological conditions.1 Acetylcholinesterase (AChE), a 

membrane-bound enzyme,4 is responsible for the hydrolysis of ACh. The hydrolysis terminates 

neurotransmission and is essential for maintenance of homeostatic conditions within the 

cholinergic system.4-6 For reviews on ACh and AChE, see Prado et al.1 and Quinn4 and/or Sussman 

et al.7 respectively.  

Early studies focused on hydrolytic power, isolation, and purification of AChE from 

members of the Torpedo genus and Electrophorus electricus.8, 9 Efficient isolation and purification 

techniques allowed for the first sequence and crystal structure of AChE, isolated from Torpedo 

californica (TcAChE), to be determined.10, 11 Crystal structures for mouse AChE (mAChE) 

(complexed with snake toxin fasciculin), Drosophila melanogaster (DmAChE), and human 

(hAChE) (complexed with snake toxin fasciculin) were published shortly thereafter.12-14 The first 

crystal structure of recombinant hAChE in its apo state was reported in 2010.7 Comparison of 

crystal structures revealed a large degree of sequence homology, especially in the active site, across 

vertebrate species. 
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The enzyme has a 20 Å deep gorge, lined with 14 aromatic residues, and contains four 

domains: an esteratic locus, an anionic locus, a hydrophobic region, and a peripheral anionic site 

(Figure 1).4, 15 Esteratic loci are found in cholinesterases; the primary function of this site is to 

hydrolyze the ester of ACh.16 In AChE, the esteratic locus is located at the bottom of the binding 

gorge and holds the active site: a catalytic triad consisting of Ser-203, Glu-334, and His-447 

(human numbering). It is generally accepted that the Ser-203 and His-447 residues function as a 

nucleophilic attacking group and a general acid-base catalyst, respectively, during the hydrolysis 

of ACh (Figure 2).17 

 

 

Figure 1. Binding gorge of AChE. 
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complex forms, Ser-203 attacks the carbonyl carbon of ACh to form the tetrahedral intermediate 

TI1, while the imidazole moiety of the histidine residue functions as a general acid-base catalyst. 

There are numerous suggested roles of Glu-334 in the literature. It has been suggested that Glu-

334 stabilizes the transition state and TI1 through electrostatic interactions between the 

carboxylate of Glu-334 and the formed imidazolium cation.20, 21 The carboxylate of Glu-334 has 

also been suggested to serve as a general acid-base catalyst, in which it is involved in the proton 

transfer between Glu-334 and His-447.22, 23 The third possibility is the “low-barrier hydrogen 

bond” mechanism. This mechanism involves a the formation of a low-barrier hydrogen bond 

between the carboxylate of Glu-334 and the imidazolium cation of His-447, which stabilizes 

TI1.17, 24 It is common for serine proteases to have an oxyanion hole; the oxyanion hole of AChE 

consists of Gly-121, Gly-122 and Ala-204. The residues of the oxyanion hole stabilize the high-

energy intermediate TI1 through the formation of up to three hydrogen bonds.24 Unrestrained 

QM/MM MD simulations show that TI1 is only stable for a few picoseconds before it collapses 

to form the acetylated enzyme EA1 and release choline.24 

The second stage describes the deacetylation of AChE and involves attack by a surrounding 

water molecule to generate a second tetrahedral intermediate TI2. This intermediate collapses to 

regenerate the active enzyme.4, 24 AChE is highly efficient and has a turnover number (kcat) of 104 

s-1.4 The kcat/KM ratio for AChE and ACh is 108 s-1 M-1, meaning that the catalytic velocity is near 

the diffusion-controlled limit.4, 19, 25 Because of this high level of efficiency, AChE is considered 
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evolutionarily and kinetically perfect.4 As a result, the intermediates are short-lived and difficult 

to characterize experimentally.4, 24, 26 

 

 

Figure 2. Mechanism of acetylcholine hydrolysis. 
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and anionic loci also aids in the binding of aryl or alkyl ligands (e.g., aromatic cations and N-alkyl 

quaternary ammonium ligands) (Figure 1).4 

There is a fourth domain at the entrance of the binding gorge, which is often referred to as 

the peripheral anionic site (Figure 1). In this region, the peptide sequence contains multiple 

carboxylate groups, giving rise to the strong anionic character.30 The negative charge attracts 

cationic ligands, which may be funneled into the active site, or remain bound to the peripheral 

anionic site.31 Ligands binding to the peripheral anionic site can prevent substrates from reaching 

the active site by physically obstructing the entrance or by causing charge repulsion. Additionally, 

ligand binding to the peripheral anionic site may induce a conformation change within the active 

site, preventing normal enzymatic activity.4, 32 Furthermore, the peripheral anionic site also 

facilitates heterologous protein association, mediating cell recognition and adhesion processes 

during synaptogenesis and nucleation of amyloid peptides during the onset of Alzheimer’s 

disease.33 

Kuča et al. published an extensive comparison of the structure of hAChE and AChE from 

other species by aligning the sequences of published crystal structures. The goal of this study was 

to classify regions as identical or similar. Amino acids were considered similar if they had the 

same properties, e.g., acidic, basic, polar, or aromatic. Vertebrate species, i.e., human, mouse, and 

Torpedo californica, were found to have 56% sequence identity, with especially high identity in 

the active site.34 When the sequence identity is greater than 40%, approximately 90% of the main-

chain atoms are likely to be within a root-mean-square error (RMSE) of about 1 Å.35 When the 

RMSE of main-chain atoms was calculated, the values were found to be 1.20 Å, 0.87 Å and 0.57 

Å for DmAChE, mAChE, and TcAChE, respectively. mAChE and hAChE were found to have the 

greatest degree of identity throughout the entire sequence and an active site identity of 100%.34 
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The high identity supports the use of non-human sources of AChE for future studies, especially 

molecular docking or other types of computational work. The sequence identity for hAChE and 

DmAChE is 28%, which suggests that these two proteins may be folded differently. Additionally, 

there are some key mutations in the peripheral anionic site of DmAChE; these mutations 

essentially remove the anionic character of this region.34 

1.2 Organophosphorus nerve agents 

Chemical weapons have been used for centuries and began with arrows, darts, and spears 

coated with poisons from various organic sources. Modern and large-scale chemical warfare 

emerged during World War I. Primarily, the use of pulmonary irritants, alkylating agents, and 

blistering agents, such as phosgene, chlorine gas, and sulfur mustard (Figure 3), led to millions of 

fatalities.36  

 

Figure 3. Chemical weapons used during World War I. 

 

In 1941, Adrian et al. discovered that cholinesterases could be inhibited by 

organophosphorus esters. Simultaneously, Gerhard Schrader was attempting to develop novel 
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apparent, the potential for military usage was immediately reported. The compounds were 
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produced and stockpiled, but never used during World War II.36 The volatile liquids that were 

discovered by Schrader are classified as the G-series (Figure 4b). Both liquid and vapor forms pose 

a threat to humans. The liquid form is absorbed dermally and can persist on clothing and other 

surfaces. Inhalation of the vapor leads to rapid absorption by mucous membranes and the lungs.37 

 

 

Figure 4. Structures of OPNAs. a) generic structure b) G-series c) V-series. 
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access to a given area. Significant concentrations of VX can last on the ground for 2–6 days; it is 

estimated that 90% of VX would dissipate from soil after 15 days.38 For a review on OPNAs see 

Cavalcante et al.36 

While the potential hazard of the G- and V-series was globally recognized, the compounds 

were unable to be classified as Weapons of Mass Destruction and outlawed because they had yet 

to be used in military conflicts. However, in the 1980s, sarin, tabun, and sulfur mustard were used 

to target civilians and military personnel during the Iran-Iraq war.39 In 1993, the first draft of the 

Chemical Weapons Convention was written as a global effort to prevent future military usage of 

OPNAs. Before it could be enacted, Japan experienced two terrorist attacks in 1994 and 1995. In 

these attacks, sarin was responsible for causalities of civilians and first responders. The Chemical 

Weapons Convention established an international agreement to ban the use of OPNAs as weapons 

in 1997. The agreement is enforced by the Organization for the Prohibition of Chemical Weapons 

(OPCW). Despite these diplomatic efforts, multiple OPNAs attacks have occurred since the 

Chemical Weapons Convention was implemented. These events have involved a spectrum OPNAs 

and include extensive use during the Syrian civil war and the assassination of Kim Jun Nam.36 

Additionally, a new class of nerve agents, called Novichok agents (Figure 5) have been developed 

since the establishment of Chemical Weapons Convention. 

 

 

Figure 5. Novel scaffolds considered as Novichok agents. 
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Novichok agents have enhanced toxicity, despite being solids at room temperature. There 

remains a bit of mystery surrounding these novel chemical weapons, but generally, they are 

thought to act similarly to existing OPNAs. Novel scaffolds (Figure 5) will be acknowledged and 

added as an amendment to the Chemical Weapons Convention as Novichok agents.36 The 

prohibition of use will be enforced after June 2020. The historical timeline of global events related 

to OPNAs is outlined in Figure 6. 
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Figure 6. Historical timeline of global events related to chemical weapons usage (adapted from Cavalcante et 

al.36). 
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hazard for workers.40 In addition to the G-series, Schrader et al. synthesized parathion and 

paraoxon, which were used in pesticide industry. The active metabolite of parathion is paraoxon. 

Structure-activity relationship (SAR) studies on parathion were conducted in effort to increase the 

selectivity of organophosphorus pesticides for invertebrates, in turn reducing toxicity to mammals. 

The SAR study resulted in fenthion, clorthion, and fenitrothion. Concurrently, Saunders and 

Stacey synthesized diisopropyl phosphorofluoridate (DFP) in England. In 1950, American 

Cyanamide Co. developed malathion, an insecticide with relatively low mammalian toxicity.41 

 

 

Figure 7. Organophosphorus pesticides. 
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1.2.2 Mechanism of inhibition 

Studying the occurrence, impact, and long-term health effects of OPNAs and 

organophosphorus pesticides is challenging for epidemiologists because it primarily depends on 

hospital and poison control center data. This is problematic because occupational pesticide 

poisonings often has less severe effects and/or occurs in areas where such medical facilities may 

be inasscessible.42 Data are also skewed due to a lack of objective evidence and in-depth 

investigations, which usually do not accurately discriminate between intentional, accidental, or 

occupational poisonings.43 However, it is estimated that there are approximately 3 million cases 

of hospitalization and 220,000 deaths annually worldwide due to organophosphate poisoning, 

which would broadly include accidental over exposure to pesticides, suicides, and military usage.40 

Chemical weapons, specifically OPNAs, are some of the most toxic synthetic substances. 

In small laboratory animals (e.g., rabbits, guinea pigs, and mice), the 24-h subcutaneous LD50 for 

OPNAs range from 10–165 µg/kg,44 while the inhalation LCt50 range from 4–1040 mg-min/m3.45, 

46 The toxicity is due to the irreversible, covalent inhibition of AChE throughout the central and 

peripheral nervous system. In 1949, Balls et al. discovered that the toxicity associated with 

organophosphorus inhibitors is due to the phosphylation of the esteratic site.41 More specifically, 

these agents phosphylate the catalytic Ser-203 residue of AChE,47 thereby blocking the hydrolysis 

of acetylcholine (Figure 8). Unlike the acetylated enzyme shown in Figure 2, the phosphylated 

species does not undergo spontaneous hydrolysis.48 During inhibition, the active site histidine gets 

shifted into an orientation that blocks a water molecule from attacking the phosphorus atom.49 As 

a result, toxic levels of ACh accumulate in the synaptic cleft and overstimulate postsynaptic 

muscarinic and nicotinic receptors.50 Overstimulation induces an acute cholinergic crisis, which 

results in seizures, respiratory arrest, and potentially death.51  
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Figure 8. Mechanism of inhibition and aging. 
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attack and reactivation of the enzyme.56-58 Despite these efforts, there is no publicly known 

compound that is capable of salvaging aged OPNA-inhibited AChE. 

1.3 Current treatments 

The general treatment strategy for organophosphorus poisoning includes administration of 

an AChE reactivator (Figure 9a and b) and atropine, a muscarinic receptor antagonist (Figure 9c). 

Initial treatment plans for humans involved administration of the AChE reactivator in high doses 

(1000–2000 mg) intravenously or intramuscularly over 30–40 min and 2-mg doses of atropine 

intravenously every 2–5 min as symptoms persist.37 However, treatment has become more 

aggressive and administration methods have advanced. DuoDote ® is a dual-chamber autoinjector 

containing 2-PAM Cl (600 mg) and atropine (2.1 mg). The autoinjector delivers the combination 

therapy intramuscularly in seconds and is more convenient and efficient than previous 

autoinjectors containing 2-PAM Cl or atropine alone. First-responders and military personnel have 

been advised to administer up to three DuoDote ® injections (1800 mg 2-PAM Cl) before 

switching to atropine alone to prevent toxicities associated with doses in excess of 2000 mg 2-

PAM Cl.59 While atropine is effective in counteracting muscarinic overstimulation within the 

central and peripheral nervous system, it has no effect on nicotinic receptors within skeletal muscle 

and brain tissues.60 Additionally, oxygen may be administered because well-oxygenated patients 

tend to experience fewer seizures. In some cases benzodiazepines are administered to further 

reduce seizing.37  
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Figure 9. Structures of clinically used treatments. a) 2-PAM, AChE reactivator used in the Unites States b) 

AChE reactivators used in other countries c) muscarinic receptor antagonist. 

 

The first reactivator of OPNA-inhibited AChE, 2-pralidoxime (2-PAM), was developed by 

Wilson and Ginsburg in 1955.16 Today, 2-PAM remains the only antidote approved by the United 

States Food and Drug Administration for the treatment of OPNA poisoning. Additional antidotes 

have been developed after the initial discovery of 2-PAM; these subsequent reactivators feature 

the same pharmacophores, i.e., pyridinium and oxime moieties, as 2-PAM.3 The positive charge 

of the pyridinium has been found to be essential for the activity of 2-PAM16; further studies 
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revealed that the pyridinium of clinically used reactivators engage in electrostatic attractions with 

the peripheral anionic site of AChE and cation-π interactions with Trp-86 near the active site,61, 62 

while also maintaining a reasonable orientation to attack the phosphylated enzyme.3  

Oximes are α-nucleophiles, which are defined as a nucleophilic center that is adject to an 

atom with a lone pair of electrons and have nucleophilic reactivity that surpass predictions based 

on Brønsted basicity. Plausible explanations for the enhanced reactivity include ground-state 

destabilization of the nucleophile, transition-state stabilization, solvent effect differences in alpha 

and non-alpha nucleophiles, and thermodynamic product stability (as reviewed by Fina and 

Edwards).63 Additionally, Brønsted plots for non-α-nucleophiles are generally linear with slopes 

ranging between 0.6–0.75 up to pKa’s ≈ 11.64 The corresponding plots for oximes with pKa < 8 are 

curved and eventually plateau as reactivity reaches the upper limit.64 This is notable in the context 

of reactivators because at physiological pH, the reactivator exists partially as the oximate, which 

is sufficiently nucleophilic to attack and displace the phosphyl group as shown in Figure 10. The 

nucleophilic attack liberates the serine residue and restores the catalytic activity of AChE. It 

remains unclear whether phosphyl displacement occurs through an addition-elimination pathway 

or via bimolecular nucleophilic substitution.65-67  

However, the hydrophilicity and positive charge of the current reactivators limit 

bioavailability and diffusion across the blood-brain barrier (BBB). For example, 2-PAM has a half-

life of approximately 77 min; 2-PAM is rapidly excreted by the kidneys unchanged.68 The prompt 

excretion may lead to several complications such as the dose being too low to reactivate a sufficient 

amount of AChE. Furthermore, organophosphorus pesticides and OPNAs may persist in lipophilic 

compartments throughout the body, leading to delayed inhibition and potentially a secondary 

crisis.69 In regard to BBB permeability, it has been reported that only 10% of 2-PAM within the 
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blood crosses the BBB.70 As a result, the extent of enzyme reactivation in the central nervous 

system (CNS) is limited.60 Additionally, the structure of the inhibited enzyme, i.e., the phosphyl 

group on Ser-203, varies based on which inhibitor was used; the current antidotes reactivate the 

inhibited enzyme with a narrow spectrum.3, 51, 71 Consequently, there remains the need for antidotes 

with improved pharmacokinetic profiles and BBB permeability, and a broader spectrum for 

OPNAs. 

 

 

Figure 10. Proposed mechanisms of oximate reactivation of OPNA-inhibited AChE. 
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1.4 Previous studies 

Researchers aim to develop antidotes with improved pharmacokinetic profiles, increased 

BBB permeability, and/or enhanced reactivity (i.e., development of an antidote that is effective 

against most, if not all, OPNAs). The brain microvasculature is composed of three cellular 

elements: endothelial cells, astrocytes end-feet, and pericytes. The endothelial cells of the BBB 

have extensive tight junctions, which form a diffusion barrier that prevents small molecules, 

especially ones of hydrophilic nature, from entering the brain. Transporters and receptor-mediated 

endocytosis allows for nutrients, such as glucose and amino acids, and larger molecules, e.g., 

insulin and iron transferrin, to enter the brain.72 Endothelial cells are the primary cell type 

responsible for controlling permeability properties of the BBB.73 Astrocyte end-feet and pericytes 

do not form a significant permeability barrier. However, these cells can modify endothelial cell 

characteristics and are considered essential components for the normal function and stability of the 

BBB.73, 74 

There are several physicochemical properties known to influence passive BBB permeation. 

Pores, emerging from kinks in the fatty acyl-side chains of the phospholipid bilayer, are 

responsible for the passive diffusion of small molecules into the brain.73 Because of the small size 

of the pores, the molecular weight of CNS targeted drugs is typically below 400 Da.73, 74 Another 

generic rule is to limit the extent of hydrogen bonding. Typically, CNS targeted drugs have less 

than 8–10 total hydrogen bond donors and acceptors. This may facilitate in lowering the polar 

surface area, which is also commonly thought to improve BBB permeability.74 Additionally, a 

large number of rotatable bonds and certain functional groups, e.g., quaternary ammonium and 

carboxyl groups, have been found to hinder passive diffusion of small molecules into the brain.73 
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Unfortunately, the quaternary ammonium of the currently used antidotes has been 

considered essential for effectiveness. In the initial report of 2-PAM, Wilson and Ginsburg 

demonstrate that 2-PAM is a million times more efficient at reactivating inhibited AChE in 

comparison to the non-methylated 2-pyridine aldoxime and 50,000 times better than 

picolinohydroxamic acid (Figure 11).16 The combination of the pyridinium and oxime moieties 

appear to possesses the perfect balance of cation-π interactions as well as the basicity and 

nucleophilicity of the oxime to elicit the therapeutic response. This early result established a solid 

foundation and continues to influence the development of more recent works. 

 

 

Figure 11. Structures of compounds from the initial report of 2-PAM.16 2-PAM was found to be one million 

and 50,000 more efficient than 2-pyridine aldoxime and picoline hydroxamic acid, respectively.  

 

Although a new antidote has yet to be approved by the United States Food and Drug 

Administration for clinical use, there has been extensive efforts globally towards developing more 

efficient reactivators. However, these efforts often focus on dimeric derivatives of 2-PAM and/or 

involve multiple, simultaneous modifications, which makes it difficult to clearly establish a clear 

SAR. An additional challenge is deciphering the reported data as there has yet to be a standard 

method of collecting and reporting the data. This is in part due to the restricted access to OPNAs; 

some international research groups have access to OPNAs, while they are restricted for use in 

academic research labs in the United States. Reactivation efficiencies may be reported as relative 



 20 

reactivation in comparison to 2-PAM or the uninhibited enzyme. Rate constants may be calculated 

and reported as a measure of efficiency. The enzyme source also varies. Despite the high sequence 

homology, there is evidence that the catalytic activities and response to OPNAs and/or reactivators 

may be differ slightly across vertebrate species.75 

1.4.1 Ellman’s assay 

Perhaps the closest thing to a standard within the field is the use of some adaptation of a 

method developed by Ellman et al.76 This assay is a colorimetric method that can be used to 

determine the catalytic activity of AChE. The reactivation efficiency can be extrapolated from the 

enzymatic activity. Minor variations are used and reported in the literature, but the general 

mechanism of the assay is outlined in Figure 12. In this context, AChE is incubated with an 

organophosphorus inhibitor. After a short period of time, a reactivator, acetylthiocholine and 

Ellman’s reagent (5,5’-dithiobis-(2-nitrobenzoic acid) (DTNB) are introduced. Ideally the 

reactivator would react with the phosphylated enzyme and regenerate the functional enzyme. Once 

the functional enzyme is regenerated, Ser-203 would react with acetylthiocholine to form thiolate 

1-1, which will undergo disulfide exchange with DTNB. This liberates 2-nitro-5-sulfidobenzoate; 

the absorbance of 2-nitro-5-sulfidobenzoate (highlighted in yellow) can be measured at 405 nm 

and would reflect the enzyme’s catalytic activity. The measured absorbance is then compared to 

samples containing uninhibited enzyme and/or an approved oxime (see Figure 9a and b) to 

determine the relative reactivation efficiency of the novel reactivator.  
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Figure 12. Generic mechanism of Ellman’s assay in the context of studying OPNA-inhibited AChE. The 

inhibitor is incubated with AChE before the solution is added to the reactivator. If the reactivator is active, 

the P-O bond will be cleaved and AChE will be regenerated and will hydrolyze acetylthiocholine to produce 

thiolate 1-1. Ellman’s reagent and thiolate 1-1 undergo disulfide exchange to yield 2-nitro-5-sulfidobenzoate 

(highlighted in yellow). The absorbance of 2-nitro-5-sulfidobenzoate is measured and is reflective of 

enzymatic activity. 
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1.4.2 pKa studies 

It is essential for new potential antidotes to have a moiety that is sufficiently nucleophilic 

to react with the inhibited enzyme. As a result, there is an interest in studying the pKa of the oxime 

moiety. While the oximate is likely the active species, full deprotonation is undesirable because 

reactivity would be negatively impacted by the desolvation energy penalty. The pKa allows the 

equilibrium concentrations of the active oximate to be calculated, which aids in designing analogs 

that would not become fully deprotonated at physiological pH. The pKa values for the reactivators 

in Figure 9a and b range from 7.3– 8.0.64 The pKa of 2-PAM in water is 7.75, while non-methylated 

2-pyridine aldoxime is 9.85.64 As previously mentioned (see Section 1.4, paragraph 3), 2-PAM is 

a million times more efficient at reactivating inhibited AChE than the non-methylated 2-pyridine 

aldoxime.16 However, the difference in reactivation efficiency is likely not solely the consequence 

of the difference in pKa. Other contributing factors, e.g., lack of cation-π interactions or inherent 

differences in nucleophilicities, may also lead to the decrease in reactivation efficiency. There is 

evidence supporting that non-methylated 2-pyridine aldoxime is sufficiently nucleophilic to 

hydrolyze OPNA surrogates, albeit in the absence of AChE.77 

There are several studies that explore alternative methods of lowering the pKa, i.e., without 

N-alkylation. It is known that intramolecular hydrogen bonding between a hydrogen bond donor, 

such as a hydroxyl group, and the oxime nitrogen can reduce the pKa.
78 As a result, several neutral 

compounds, have been synthesized and tested as reactivators of OPNA-inhibited AChE.77, 79, 80 

Initial efforts from Renard et al. identified a series of uncharged oximes with the ability to 

reactivate VX-inhibited hAChE. The most simple being 3-hydroxy-2-pyridinealdoxime 1-2 

(Figure 13), which proved to be more efficient than 2-PAM at reactivating VX-inhibited hAChE 

in vitro. However, 1-2 had a much lower affinity for the inhibited enzyme and had a significantly 
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higher dissociation constant in comparison.77 The decrease in affinity is likely due to the lack of 

cation-π interactions.  

Renard et al. published a follow-up study in which 1-2 was modified to have to a peripheral 

anionic site ligand to circumvent the reduced enzyme binding affinity. In this study, seven novel 

reactivators were tested. The compounds were found to be 2–10 times more efficient at reactivating 

VX-inhibited hAChE in comparison to 2-PAM, but were less efficient than HI-6 or obidoxime 

(see Figure 9b). Of note, 1-3 (Figure 13) was equally efficient as 2-PAM at reactivating tabun-

inhibited hAChE. However, the practicality of this result is questionable because it required 

incubation with 200 µM of 1-3 for 340 h and only 43% of the enzyme was reactivated.80  

 

 

Figure 13. Analogs published by Renard et al.77, 80  

 

Similarly, electron withdrawing groups, such as fluoro substituents, have been added to 

pyridine aldoximes in effort to lower the pKa of the oxime so that it is within the optimal range 

without having a formal positive charge (Figure 14).81 However, incorporation of a fluorine atom 

to the 3-position of the pyridine ring, as in 1-5, only marginally decreased the pKa of 4-pyridine 

aldoxime 1-4. Inclusion of a fluorine atom at the 3-position of the pyridine ring, as in 1-6, had no 

effect on the pKa when the oxime is in the 2-postion. The pKa of perfluoro-4-pyridine aldoxime 1-

7 was 9.1, which remains outside of the optimal range for a reactivator.81 
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Figure 14. Fluorinated analogs prepared by Timperley et al.81 

1.4.3 Alternative heterocycles 

Several studies have replaced pyridine with other quaternary82, 83 or non-quaternary84-87 

nitrogen heterocycles (Figure 15). Harris et al. published two studies exploring reactivators with 

the general imidazolium structure 1-8 (Figure 15a). While several compounds had encouraging in 

vitro results, there was no correlation between in vitro reactivation efficiency of soman-inhibited 

hAChE and in vivo survival in mice challenged with sublethal doses of soman.82, 83 Of 134 novel 

compounds published by Palmer et al, imidazole aldoxime 1-9 (Figure 15b) was the most efficient 

reactivator of tabun-inhibited hAChE. The activity of 1-9 against VX was equivalent to that of 2-

PAM. However, 1-9 was less effective than 2-PAM against other inhibitors, such as paraoxon, 

sarin or cyclosarin. Through this study, 1-10 (Figure 15b) was also identified as an effective 

reactivator. The conclusion of this work is that the oxime should be positioned further from the 

motif responsible for AChE recognition and binding; a five- or six-atom linker was the most 

effective in the reported structures.87  
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Figure 15. Alternative heterocyclic AChE reactivators. a) the generic structure of reactivators published by 

Harris et al.82, 83 R1 = Me, Et, nPr. R2 = alkyl chains substituted containing various functional groups, e.g., 

halo, nitro, sulfonyl, amino, aminosulfonyl. b) lead non-quaternary reactivators published by Palmer et al.87  

 

1.4.4 Bispyridinium analogs  

Additionally, studies have been conducted to determine the optimal linker for dimeric 

analogs. The monomeric pyridine subunits are most commonly joined via alkylation of the 

nitrogen. Xylene (ortho, meta, and para) linkers have been incorporated in effort to increase the 

antidotes’ associative interactions with the inhibited enzyme (Figure 16).51, 88 Several bisoxime 

reactivators were synthesized, but 1-11 (Figure 16a) was the most efficient reactivator of sarin-

inhibited hAChE in vitro, surpassing 2-PAM and obidoxime.51 A systematic study of 26 hetero-

bispyridinium reactivators, resulted in the development of 1-12 (Figure 16b).88 A carbamoyl 

moiety replaced the oxime functional group on one of the pyridinium subunits to decrease toxicity, 

which has been observed in bisoxime reactivators.89 1-12 displayed satisfactory reactivation of 

sarin-, paraoxon- and DFP-inhibited hAChE in vitro. Other analogs of this series yielded promising 

in vitro results, but were eliminated due to in vivo toxicity.88  
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Figure 16. Bisquaternary analogs with xylene linkers a) bisoxime analog b) monooxime analog. 

 

Additional work towards dimeric analogs containing non-aromatic linkers has also been 

conducted.90, 91 Kuča et al. studied the length of the methylene bridge and/or changed the chemical 

structure of the methylene bridge (Figure 17).90 Additionally, the optimal position of the second 

oxime group and other functional groups on the second ring were explored. Unfortunately, none 

of the modifications yielded a reactivator more efficient than trimedoxime (see Figure 9b) at 

reactivating tabun-inhibited hAChE.90, 91 

 

 

Figure 17. Generic structures of analogs prepared by Kuča et al.90 R1 = (CH2)n (n = 1–6, 8, 10), alkyl sulfides, 

alkyl sulfones, alkyl sulfoxides, alkyl ethers, ketones. R2 = hydrogen, oxime, carbamoyl. 

1.4.5 N-alkyl analogs 

Chambers et al. reported 35 novel oxime reactivators featuring lipophilic groups in effort 

to increase BBB permeability. The general structure 1-13 of reported reactivators is shown in 

Figure 18a; lead compound 1-14 and two additional compounds of interest (1-15 and 1-16) are 

also highlighted in Figure 18a. Rat brain homogenate was used as an AChE source. In this study, 
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phthalimidyl isopropyl methylphosphonate 1-17 and nitrophenyl isopropyl methylphosphonate 1-

18 (Figure 18b) were used as sarin surrogates and nitrophenyl ethyl methylphosphonate 1-19 

(Figure 18b) was used as a surrogate for VX. The novel oximes had in vitro reactivation 

efficiencies ranging from 14–76%, while 2-PAM achieved 91% reactivation. The octanol/water 

partition coefficients were experimentally determined as an index of lipophilicity and ranged from 

0.011–2.244, which indicate that the modifications successfully increased lipophilicity because the 

octanol/water partition coefficient for 2-PAM was only 0.006. When tested in Sprague Dawley-

derived rats, three compounds showed 15–25% brain AChE reactivation 30 min post-oxime 

injection, indicating that these compounds cross the BBB to at least some extent. In comparison, 

2-PAM was reported to have 0% brain AChE reactivation.92 

 

 

Figure 18. Work presented by Chambers et al. a) synthesized analogs n= 3–6, R = Cl, alkyl, nitro, ethers, 

ketones, and fused aromatic ring systems. b) OPNA surrogates used. 
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Some examples of systematic modifications do exist. For example, in 2006 Ohta et al. 

presented a comprehensive SAR study in which they added an oxime to different positions of the 

pyridinium ring and altered the length and bulkiness of the alkyl group attached to the pyridinium 

nitrogen (Figure 19). The results of this study showed that increasing the N-alkyl chain length of 

2-PAM decreases reactivation efficiency. However, alkyl benzyl analogs of 2-PAM were moderate 

reactivators. Analogs of 3-pralidoxime showed little or no reactivation, regardless of the N-alkyl 

chain. Lastly, analogs of 4-pralidoxime showed enhanced reactivation efficiency as linear alkyl 

chain length increases. Benzyl analogs were modest reactivators. It is worth noting that none of 

the reactivators from this study were more active than 2-PAM.93  

A follow-up study analyzed the BBB permeability of six analogs. The analogs were 

selected based on reactivity and lipophilicity. Determination of the LD50 of these analogs in Wistar 

rats ranged from 4.2–21.9 mg/kg. Rats were injected with a dose of 10% of the LD50. After 1 hour, 

BBB penetration was determined by liquid chromatography-mass spectrometry (LC-MS/MS). The 

mean BBB penetration of the novel analogs was approximately 30%, while the BBB penetration 

of 2-PAM was 10%.70, 94 However, further efforts are required to retain BBB permeability while 

reducing the toxicities of these compounds. 
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Figure 19. Analogs from Ohta et al.93 R = ethyl, n-butyl, n-hexyl, n-octyl, n-decyl, n-octadecyl, isoamyl, 2-

ethylhexyl, benzyl, p-methylbenzyl, p-tert-butylbenzyl, 2-phenylethyl, 3-phenylpropyl, 4-phenylbutyl. X = Cl, 

Br, I. 

 

To my knowledge, no studies to date have systematically explored the SAR for alkyl group 

substitution on the pyridinium ring of 2-PAM, i.e., with the position of the alkyl group being the 

only variable. This foundational study is the basis for the first section of my work. 
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2.0 Results and discussion 

2.1 Methyl scan 

In effort to find the optimal substitution pattern for new analogs, I conducted a methyl scan 

on the pyridinium ring of 2-PAM. This series of analogs serves two purposes: 1) the systematic 

addition of methyl groups to the pyridinium ring would directly probe the steric and electrostatic 

constraints of the AChE binding site, thereby providing a foundation for the rational design of new 

analogs, and 2) it was hypothesized that if a site on the pyridinium ring could tolerate an alkyl 

group, this might lead to a new therapeutic candidate that is more hydrophobic, and potentially 

more BBB permeable than 2-PAM.95-97 

Methyl scanning involves synthesizing a series of compounds in which a methyl group is 

systematically added to each modifiable position of a parent structure. This is a viable experimental 

method to annotate regions of a drug that are important or unimportant for biological activity, 

affording opportunities for structural modifications to improve potency and/or modify 

bioavailablilty.98 Specifically, I hypothesized that synthesizing the analogs shown in Figure 20 and 

subsequently testing their reactivation efficiencies against paraoxon- or OPNA-inhibited AChE 

would provide a better understanding of how such reactivators interact with surrounding AChE 

binding site residues and provide a rational basis future synthetic efforts. 
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Figure 20. C-methylated 2-PAM analogs for the methyl scan study. 

 

2.1.1 Synthesis  

The compounds shown in Figure 20 were synthesized via the routes shown in Scheme 1. 

The first synthetic step involved the N-oxidation of commercially available dimethyl pyridines 1-

23a–d following a method reported by Limnios and Kokotos99, which provided N-oxides 1-24a–

d in 54–69% yields. Subsequently, rearrangement100 of the N-oxides 1-24a–d afforded the 

corresponding hydroxymethyl pyridines 1-25a–d in 40–96% yields. Oxidation of alcohols 1-25a–

d with MnO2 generated aldehydes 1-26a–d in 42–77% yields, and the thus formed aldehydes were 

then condensed with hydroxylamine to form oximes 1-27a–d in 52–86% yields. Finally, N-

methylation with MeI provided the final products in 21–77% yields. N-Methylation of the 3-, 4- 

and 5-methyl precursors was facile and went to completion in 15–20 h. The N-methylation of the 

6-methyl precursor required longer reaction time and required more rigorous purification due to 

the formation of a side product. 
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Scheme 1. Synthesis of C-methylated 2-PAM analogs. tBu = tertiary butyl, TFAA = trifluoroacetic anhydride, 

Me = methyl, DCM = dichloromethane, DCE = 1,2-dichloroethane. 
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2.1.2 In vitro reactivation  

With these four 2-PAM analogs in hand, Ellman’s assay76 was employed to determine their 

reactivation potencies. The enzyme, either hAChE or Electrophorus electricus AChE (EeAChE), 

was incubated with paraoxon for 10 min before being added to a clear 96-well plate containing the 

oximes, Ellman’s reagent, and acetylthiocholine. First, dose-dependent reactivation was 

determined by measuring the absorbance at 405 nm with hAChE (Figure 21a). At 18.8 M, 3-Me-

2-PAM was approximately 13% as efficient as 2-PAM as a reactivator. The relative reactivation 

efficiencies for 4-Me-2-PAM, 5-Me-2-PAM, and 6-Me-2-PAM were 67%, 34%, and 43%, 

respectively. When we compared the relative efficiency of reactivation at 75 M, 3-, 4-, 5-, and 6-

Me-2-PAM were 20%, 85%, 37%, and 62%, respectively. The kinetic data with 18.8 M oximes 

are shown in Figure 21b. Linear regression analysis suggests that the relative rates of 3-, 4-, 5-, 

and 6-Me-2-PAM (with 2-PAM being 100%) are 11%, 68%, 32%, and 45%, respectively. This is 

consistent with the above analysis with these oximes at 18.8 M.  

The dose response curve of the methyl scan analogs for EeAChE (Figure 21c) showed that 

4-Me-2-PAM and 6-Me-2-PAM were nearly equivalent to 2-PAM until approximately 150 µM 

concentrations. The reactivation efficiency decreased for both analogs at concentrations greater 

than 150 µM. 5-Me-2-PAM showed moderate reactivation efficiency, while 3-Me-2-PAM only 

slightly reactivated the inhibited enzyme at high concentrations. At 18.8 µM, both 4-Me-2-PAM 

and 6-Me-2-PAM reactivated paraoxon-inhibited EeAChE (Figure 21d) and were found to be 

nearly equivalent to 2-PAM. Moreover, 5-Me-2-PAM showed significantly reduced reactivation 

efficiency, while 3-Me-2-PAM showed negligible reactivation (Figure 21d). At 18.8 M, the 
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relative efficiencies of reactivation for 3-, 4-, 5-, and 6-Me-2-PAM in comparison to 2-PAM were 

13%, 90%, 44%, and 87%, respectively.  

 

 

Figure 21. Reactivation of AChE by methyl scan analogs. (a) Dose response curve at 60 min with hAChE 

inhibited by 200 µM paraoxon in isopropanol. (b) 18.8 µM oxime with hAChE inhibited by 200 µM paraoxon 

in isopropanol. (c) Dose response curve at 20 min with EeAChE inhibited 2% v/v paraoxon in isopropanol. 

(d) 18.8 µM oxime with EeAChE inhibited 2% v/v paraoxon in isopropanol. Data are mean ± SD. n = 3. 

 

Based on the reactivation data obtained, 4-Me-2-PAM and 5-Me-2-PAM were selected to 

be tested at the United States Medical Research Institute of Chemical Defense (USAMRICD) to 

determine the reactivation efficiencies against OPNAs. In this modified Ellman’s assay, 
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recombinant hAChE was incubated with OPNAs for 10 min before excess OPNA was removed. 

Then, a solution containing either 4-Me-2-PAM or 5-Me-2-PAM was added and activity of the 

inhibited enzyme was measured periodically using acetylthiocholine and Ellman’s reagent. 

Percent reactivation was computed by dividing the slope of the inhibited sample by the slope of 

the control enzyme. 

The assay revealed that after 53 min, 10 µM 4-Me-2-PAM was equally efficient at 

reactivating sarin-inhibited hAChE as 2-PAM. However, 5-Me-2-PAM was only 27% as efficient 

as 2-PAM (Figure 22a). Between 4-Me-2-PAM, 5-Me-2-PAM, and 2-PAM, there were 

indistinguishable differences in reactivation efficiencies against cyclosarin-inhibited hAChE. The 

most efficient reactivator of VX- and VR-inhibited hAChE was 4-Me-2-PAM. In contrast, 5-Me-

2-PAM could reactivate approximately 4% of VX- and VR-inhibited hAChE, while 2-PAM only 

reactivated 6% of VX- and VR-inhibited hAChE. None of the oximes tested were able to reactivate 

tabun- or soman-inhibited hAChE. However, it is of note that tabun- and soman-inhibited AChE 

are especially difficult to reactivate for various reasons. A study by Carletti et al. used quantum 

mechanical computations at the BP86/TZVP level to show that the hybridization of the nitrogen 

in tabun-inhibited AChE is between sp2 and sp3-hybridized,54 which indicates that the phosphorus 

atom less susceptible to nucleophilic attack and resistant toward reactivation. Poor reactivity of 

soman-inhibited AChE is largely because the aging of the inhibited enzyme, an irreversible process 

that results in an enzyme species that is currently unrescuable, occurs within minutes.101 

Reactivation using 1000 µM doses (Figure 22b) was also studied. After 53 min, 2-PAM 

was the most efficient reactivator of sarin-inhibited hAChE while 4-Me-2-PAM and 5-Me-2-

PAM were approximately 60% as efficient as 2-PAM. All three oximes were equally effective 

against cyclosarin-inhibited hAChE. Similarly, reactivation efficiencies of 4-Me-2-PAM, 5-Me-
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2-PAM, and 2-PAM against VX- and VR- inhibited hAChE were comparable. Increasing the dose 

did not result in appreciable reactivation of tabun- or soman-inhibited hAChE.  

 

 

Figure 22. Reactivation of OPNA-inhibited hAChE using (a) 10 or (b) 1000 µM 2-PAM, 4-Me-2-PAM, and 5-

Me-2-PAM at 53 min. (Acknowledgement to USAMRICD). *p < 0.05; **p < 0.01, as determined by an 

unpaired, two-tailed t-test. Data are mean ± SD. n = 2. 

 

In effort to explain the lower reactivation efficiencies of 3-Me-2-PAM and 5-Me-2-PAM 

(Figure 21) and the bell-shaped curve observed for 4-Me-2-PAM (Figure 21c), the four analogs 

were incubated with free hAChE and EeAChE, i.e., in the absence of paraoxon, to determine 

whether any of them might directly inhibit the enzyme. As Figure 23 shows, the methyl scan 

compounds, with the exception of 6-Me-2-PAM, result in a statistically significant reduction in 
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hAChE activity. However, none of the C-methylated analogs inhibit EeAChE. The degree of 

inhibition if hAChE does not fully account for weaker reactivation efficiencies observed in Figure 

21. 

 

 

Figure 23. Inhibition data for 600 µM C-methylated 2-PAM analogs at 12 min. (a) hAChE (b) EeAChE. *p < 

0.05; **p < 0.01; ***p < 0.001, as determined by an unpaired, two-tailed t-test. Data are mean ± SD. n = 3. 

 

The reproducibly observed bell-shaped for 4-Me-2-PAM (Figure 21c) was further 

investigated. More specifically, to eliminate the possibility of aggregation, the absorbance of 4-Me-

2-PAM was measured. A 38 µM solution of 4-Me-2-PAM in 100 mM phosphate pH 7.4 buffer was 

prepared. The solution was transferred to a quartz cuvette and the absorbance was measured (Figure 

24a). This solution was diluted with 100 mM phosphate pH 7.4 buffer to 25, 19, and 9.5 µM. The 

absorbance of each solution was measured and plotted. Because the increase in absorbance was 

linearly proportional to the concentration (Figure 24b), aggregation was deemed not the source of 

reduced activity. At this stage, I am not able to account for the bell-shape trends. Regarding 

therapeutic viability, the downward trend may not be relevant, as the compound concentration in 

vivo, especially in the CNS, would unlikely exceed 100 µM. 
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Figure 24. a) absorbance spectrum of 38 M 4-Me-2-PAM in 100 mM phosphate pH 7.4 buffer. b) 

absorbance of varying concentrations of 4-Me-2-PAM at 290 nm. 

 

2.1.3 Molecular modeling of methyl scan analogs 

In collaboration with Dr. James Burnett (University of Pittsburgh), a new binding mode 

for 2-PAM was developed (Figure 25a and b). Subsequently, each methyl scan derivative was 

modeled in the binding site; the optimized 2-PAM binding mode and reactivation data shown in 

Figure 21 were taken into consideration. Figure 25c shows the predicted binding mode of 3-Me-

2-PAM derivative. Conformational analysis predicts that the 3-position methyl forces the oximate 

of this analog to adopt a twist-plane conformation with respect to the pyridinium. The resulting 

orientation prevents reactivation because the oximate is improperly positioned and distant from 

the phosphylated serine residue. When the oximate is oriented as observed for the optimized 2-

PAM model (Figure 25b) the 3-methyl engages in highly unfavorable hydrophobic clashes with 

the hydroxy group of Tyr-124. On the other hand, if the pyridinium ring of 3-Me-2-PAM is rotated 

to moderate this clash, the 3-methyl substituent then engages in a steric clash with the side chain 

of Tyr-337. In attempts to ameliorate both of these steric/electrostatic incompatibilities, the oxygen 
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of the oximate moiety remains in an orientation that is not suitable for phosphyl group 

displacement.  

In contrast, the predicted binding mode of the efficient analog 4-Me-2-PAM (Figure 25d) 

is promising. The model indicates that the 4-methyl substituent points out of the binding site and 

into sterically unhindered coordinate space that is surrounded by mainly aromatic residues of the 

enzyme’s binding gorge. Hence, I hypothesize that the 4-position is an acceptable site for further 

modification. Further investigation of 4-position substitutions will be discussed in the following 

sections. 

When oriented in a binding mode that mimics the optimized 2-PAM binding mode (Figure 

25b), less efficient 5-Me-2-PAM is predicted to have unfavorable hydrophobic-polar and steric 

clashes with the side chain of Tyr-337 (Figure 25e). When 6-Me-2-PAM is placed in the optimized 

binding mode for 2-PAM, the new methyl substituent is predicted to point into a desolvated subsite 

of the enzyme. The additional methyl group can also engage in favorable hydrophobic contacts 

with the benzene component of the Trp-86 side chain indole (Figure 25f). In the case of paraoxon-

inhibited AChE, the indole ring of Trp-86 is forced to rotate to fully accommodate 6-Me-2-PAM 

(Figure 25f). As a result, the cation-π interaction with this analog is not as optimal as observed for 

2-PAM, thereby rationalizing its decreased efficiency versus the parent compound in the Ellman 

assay with paraoxon. 
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Figure 25. The binding mode of 2-PAM and its methyl scan derivatives. PDB entry 5HFA102 was used for all 

modeling, and is shown in pale cyan cartoon. Select residues surrounding the active site are shown with green 

carbons, the carbons of both paraoxon-bound Ser-203 and paraoxon are shown in yellow carbons, and the 

paraoxon phosphorous is colored in orange in panels b–f. (a) A proposed 2-PAM (magenta carbons) binding 

mode that places the oximate group in an orientation that is relevant with respect to attack on the phosphorus 

atom of paraoxon when it is covalently bound to Ser-203. The proposed 2-PAM binding mode is 

superimposed on that of a covalently bound acetylcholine derivative KTA (orange carbons (both ligand and 

Trp-86), PDB entry 2HA0103). (b) The same binding mode of 2-PAM as shown in (a), but without KTA, and 

with 2-PAM hydrogens shown. (c) The 3-position methyl (cyan carbon) of 3-Me-2-PAM forces the oximate 

moiety to adopt a twist-plane with respect to the pyridinium component of the molecule. This conformation is 

predicted to significantly perturb the derivative’s ability to achieve complimentary contacts and binding that 

allows for AChE reactivation. (d) The 4-methyl substituent (cyan carbon) of 4-Me-2-PAM points out of the 

AChE active site, and into the sterically unhindered binding gorge. (e) The 5-methyl (cyan carbon) of 5-Me-2-

PAM is predicted to locate to a position that places it within 3.0 Å of the side chain phenol oxygen of Tyr-337, 

resulting in a hydrophobic-polar clash (pink dashes) and steric clashes that would perturb optimal binding. 

(f) The 6-position methyl (cyan carbon) of 6-Me-2-PAM points into a hydrophobic location in the AChE 
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binding site and engages in a favorable hydrophobic contact with the benzene ring of the side chain indole of 

Trp-86. 

2.1.4 Conclusions 

The first methyl scan of 2-PAM revealed that the 4- and 6-positions could tolerate 

methylation, while the 3-position cannot. 5-Me-2-PAM showed appreciable reactivation of 

paraoxon-inhibited hAChE but was unimpressive in the multi-agent screen. In contrast, 4-Me-2-

PAM offered equivalent or superior reactivation in the multi-agent screening in comparison to 2-

PAM. Computational analyses were used to provide and validate structure-based rationales for my 

experimental findings. Ultimately, all results obtained indicate that the 4-position of the 2-PAM 

pyridinium offered a promising site of derivation for future analogs. The methyl scan series 

provided foundational insights that could guide the rational and structure-based design of new 

derivatives in effort to improve binding affinity, AChE reactivation, and/or improved BBB 

permeability. 

2.2 Ether and sulfide analogs 

Therapeutics, including natural products and synthetic drugs, often contain heteroatoms 

and aromatic rings.104-106 Functional groups containing oxygen and nitrogen introduce essential 

hydrogen-bond donor and acceptor properties, a critical attribute to consider in the drug 

development process as it affects target binding, absorption, water solubility, and permeability.104 

Ethers are found in nearly 40% of bioactive molecules.107 Sulfur is less common in natural products 
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but is frequently introduced in synthetic bioactive compounds.104 Sulfides are a common sulfur-

containing functional group105; the prevalence of sulfides in drugs has increased recently.107 

Additionally, methoxy-substituted pyridiniums108 and pyridinium aldoximes109 have been 

developed as potential reactivators of aged and inhibited AChE, respectively.  

In light of these literature findings and the results of the methyl scan study, the purpose of 

this work was to determine whether the installation of ethers or sulfides in 4-position of 2-PAM 

would enhance the reactivation efficiency and/or the spectrum of reactivation of OPNA-inhibited 

AChE. The systematic alteration of the alkyl group would provide insight into how much space is 

available within the binding pocket. In addition to alkyl groups, phenyl groups were included in 

effort to increase hydrophobicity and π-π stacking with residues lining the binding gorge of 

AChE.4, 15 Additionally, aromatic rings are found in 55% of drug molecules; benzene is the most 

frequently incorporated ring.106 

2.2.1 Synthesis 

The starting material for this series of ether and sulfide analogs can be synthesized via the 

route shown in Scheme 2 and was selected based on literature precedents of nucleophilic aromatic 

substitution (SNAr) of 4-nitropyridines.110, 111 The first synthetic step involved a rearrangement100 

of commercially available 4-nitropicoline N-oxide 2-1 to afford hydroxymethyl pyridine 2-2 in 

82% yield. Subsequently, oxidation with MnO2 generated aldehyde 2-3 in 69% yield. In the third 

step, protection of the aldehyde 2-3 generated acetal 2-4 in 91% yield.  
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Scheme 2. Synthesis of acetal 2-4. TFAA = trifluoroacetic anhydride, DCM = dichloromethane, DCE = 1,2-

dichloroethane. 

 

Nitropyridine 2-4 was found to undergo SNAr with the corresponding alcohol or thiol to 

make the carbon-heteroatom bond (Table 1). Two procedures were developed depending on the 

nucleophile. Alcohols (e.g., propanol, isopropanol, and n-butanol) were used as solvents with 

sodium hydride for deprotonation. Phenol and the thiols were used as reagents; their lower pKa 

allowed potassium carbonate to be used as a base. 
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Table 1. Formation of C–O or C–S bonds 

 

 

Reagents and conditions: (A) NaH, ROH, reflux; (B) K2CO3, RSH or PhOH, 

DMSO, 85–95 °C; R = alkyl or aryl, Ph = phenyl, DMSO = dimethylsulfoxide 
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After generating the series in Table 1, a one-pot procedure for acetal deprotection and 

condensation with hydroxylamine could be used to afford the corresponding oximes 2-6a–i (Table 

2). Lastly, N-methylation with MeI afforded the final products in the yields shown in Table 3. 

 

Table 2. One-pot deprotection and condensation 
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Table 3. N-methylation 

 

 

 

2.2.2 In vitro reactivation  

With the ether and sulfide analogs shown in Table 3 in hand, a modified Ellman’s assay 

was used to determine reactivation efficiency in vitro. Specifically, EeAChE was incubated with 

paraoxon for 10 min before being added to a clear 96-well plate containing Ellman’s reagent, 

acetylthiocholine, and varying concentrations of the ether or sulfide analogs or 2-PAM. The 

absorbance values at 405 nm are proportional to enzymatic activity. 

I discovered alkyl ether analogs ADG3035, ADG2054, and ADG2058 had identical 

reactivations efficiencies at 18 µM and were approximately 23% as efficient as 2-PAM (Figure 
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26a). The dose-response curves of alkyl ether analogs revealed that they were significantly less 

efficient than 2-PAM at all concentrations tested (Figure 26b). Interestingly, 4-propyl ether 

ADG3035 had nearly the same activity at all concentrations tested, while 4-isopropyl ether 

ADG2054, and 4-butyl ether ADG2058 had a dose-dependent increase in reactivation. Alkyl 

sulfides ADG2293, ADG3060, ADG2294, and ADG3001 had identical reactivations efficiencies 

at 18 µM and were approximately 50% as efficient as 2-PAM (Figure 26c). The dose-response 

curves of the alkyl sulfide analogs showed that this series was less efficient than 2-PAM at all 

concentrations tested. Linear alkyl sulfides ADG2293 and ADG2294 had equivalent reactivation 

efficiencies at all concentrations tested (Figure 26d) and had a dose-dependent decrease in apparent 

enzyme activity. Branched alkyl sulfides ADG3060 and ADG3001 had equivalent reactivation 

efficiencies; apparently enzyme activity was independent of dose (Figure 26d). The heteroatom had 

a significant impact on reactivation efficiency; altering the alkyl chain had a negligible effect. Alkyl 

sulfides were more efficient than alkyl ethers at lower concentrations. None of the analogs in this 

series had impressive dose-response curves. 
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Figure 26. In vitro reactivation of EeAChE inhibited with 2% v/v paraoxon in isopropanol by akyl ether and 

sulfide analogs. a) 18 µM alkyl ether analogs. b) dose-response of alkyl ether analogs at 18 min. c) 18 µM alkyl 

sulfide analogs. d) dose-response of alkyl sulfide analogs at 18 min. Data are mean  ± SD. n = 3. 

 

The alkyl ethers and sulfides were incubated with EeAChE in the absence of paraoxon to 

determine whether the analogs inhibit the enzyme (Figure 27). Ether analogs with a three-carbon 

chain ADG3035 and ADG2054 have a minimal inhibitory effect on EeAChE (Figure 27a) In 

contrast, n-butyl ether ADG2058 reduced enzyme activity by approximately 40% (Figure 27a). 

All of the alkyl sulfide analogs inhibited EeAChE (Figure 27a). 4-Propyl sulfide ADG2293 and 

4-isopropyl sulfide ADG3060 reduced enzyme activity by 50 and 40%, respectively. 4-Butyl 

sulfide ADG224 exhibited the greatest inhibitory effect and reduced enzyme activity by 70%; 4-

tert-butyl sulfide ADG3001 had the least inhibitory effect, reducing enzyme activity by only 22%. 
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The overall poor reactivation of paraoxon-inhibited EeAChE (Figure 26a and b) by alkyl ethers 

cannot solely be explained by enzyme inhibition. However, the observed decrease in reactivation 

at higher concentration of the alkyl sulfides (Figure 26d) is likely the result of enzyme inhibition. 

 

 

Figure 27. Inhibition of EeAChE by 600 µM oxime at 9 min. (a) alkyl ether analogs. (b) alkyl sulfide analogs. 

**p < 0.01; *** p < 0.001; ****p < 0.0001, as determined by an unpaired, two-tailed t-test, Data are mean  ± 

SD. 

 

Phenyl ether ADG3003 and phenyl sulfide ADG3002 were also tested in the modified 

Ellman’s assay reactivation of paraoxon-inhibition EeAChE. I discovered that both analogs 

exhibited enhanced reactivation efficiencies compared to 2-PAM at 18 µM (Figure 28a). The 

analysis of the initial slopes indicates that sulfide ADG3002 reactivated the paraoxon-bound 

EeAChE 1.6 times faster than 2-PAM, while ether ADG3003 was 1.4 times faster than 2-PAM. 

The dose-response curve of ether ADG3003 revealed that the aryl ether has a reactivation 

efficiency equivalent to 2-PAM at all tested concentrations (Figure 28b). At concentrations less 

than or equal to 75 µM, sulfide ADG3002 was superior or equivalent to 2-PAM. The reactivation 
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efficiency of the sulfide decreased when concentrations exceeded 75 µM, the concentration range 

unattainable in the CNS under physiological conditions. It is unlikely that the decrease is due to 

inhibition of AChE by ADG3002 (Figure 29).  

 

 

Figure 28. In vitro reactivation of EeAChE inhibited with 2% v/v paraoxon in isopropanol by by ADG3003 

and ADG3002. (a) 18 µM oxime. (b) dose-response at 18 min. Data are mean  ± SD. n = 3. 

 

 

Figure 29. Inhibition of EeAChE by 600 µM ADG3003 or ADG3002 at 9 min. Differences are not statistically 

significant as determined by an unpaired, two-tailed t-test. Data are mean  ± SD. n = 3. 
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Encouraged by these results, ether ADG3003 and sulfide ADG3002 were tested at the 

USAMRICD to determine the reactivation efficiencies against nerve agents. In this modified 

Ellman’s assay, recombinant hAChE was incubated with OPNAs for 10 min before excess OPNA 

was removed. Then, a solution containing either ADG3003 or ADG3002 was added and enzymatic 

activity was measured periodically using acetylthiocholine and Ellman’s reagent. Percent 

reactivation was computed by dividing the slope of the inhibited sample by the slope of the control 

enzyme.  

Pleasingly, the assay revealed that after 53 min, 10 µM ether ADG3003 and sulfide 

ADG3002 were both 1.5-fold better than 2-PAM at reactivating sarin-inhibited hAChE (Figure 

30a). Against cyclosarin-inhibited hAChE, sulfide ADG3002 reactivated 8% of the enzyme. In 

contrast, ether ADG3003 and 2-PAM both had less than 2% reactivation. Sulfide ADG3002 could 

reactivate nearly 20% of VX- and VR-inhibited hAChE. Ether ADG3003 could reactivate 11% 

and 9% of VX- and VR-inhibited hAChE, respectively, while 2-PAM only reactivated 6% of VX- 

and VR-inhibited hAChE. Significantly, ADG3002 efficiently reactivated VX-inhibited AChE at 

a presumably more physiologically relevant, low concentration. Unfortunately, 2-PAM, 

ADG3003, and ADG3002 provided minimal or no protection against tabun and soman.  

Higher doses of the antidotes were also examined. At 1000 µM doses, there is not a 

statistically significant difference in reactivation of sarin-inhibited hAChE by 2-PAM and ether 

ADG3003. At the same concentration, sulfide ADG3002 reactivated 38% of the enzyme on 

average. Against cyclosarin-inhibited hAChE, the reactivation efficiency of the sulfide was nearly 

2-fold that of 2-PAM. Ether ADG3003 is approximately 70% as efficient as 2-PAM. The phenyl 

ether and phenyl sulfide analogs were equally efficient at reactivating VX-inhibited hAChE and 

were more efficient than 2-PAM. Against VR-inhibited hAChE, 2-PAM, sulfide ADG3002, and 
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ether ADG3003 have equivalent reactivation efficiencies. Even at 1000 µM concentrations, none 

of antidotes were able to elicit significant reactivation of tabun- or soman-inhibited hAChE. 

 

 

Figure 30. Reactivation of OPNA-inhibited hAChE using (a) 10 or (b) 1000 µM 2-PAM, ADG3002, and 

ADG3003 at 53 min. **p < 0.01, as determined by an unpaired, two-tailed t-test. Data are mean  ± SD. n = 2 

 

The X-ray crystal structures of ether ADG3003 and sulfide ADG3002 (Figure 31) were 

obtained in effort to understand the marked differences in biological activity. The C–O–C bond 

angle of ether ADG3003 was found to be 117.1°, which is comparable with literature reports of 

related compounds.112 The phenyl C–O bond was 1.40 Å; this is consistent with reported C–O 

single bond lengths.113 However, there is slight shortening of the pyridinyl C–O bond, which was 

found to be 1.35 Å. This suggests that there may be π-electron contribution from the oxygen atom 

to the pyridinium. In contrast, the C–S–C bond angle of sulfide ADG3002 was found to be 103.8°. 
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Neither of the C–S bonds were shortened; both were found to be 1.77 Å. The bond angles and 

lengths of sulfide ADG3002 are consistent with those reported for related and uncharged biaryl 

sulfides.112, 114 Because there is no detectable bond shortening of the C–S bonds, any possible π-

electron contribution from the sulfur atom appears negligible. 

 

 

Figure 31. X-ray structures. a) ADG3003. The C–O–C bond angle was found to be 117.1°; Phenyl C–O bond 

= 1.40 Å; pyridinyl C–O bond = 1.35 Å b) ADG3002. The C–S–C bond angle was found to be 103.8°; Both C-

S bonds = 1.77 Å. 

 

2.2.3 Conclusions 

The addition of alkyl ethers and sulfides to the 4-position of 2-PAM led to a decrease in 

enzyme reactivation; alkyl ether and sulfide analogs inhibit AChE. There were marked differences 

in activity between ethers and sulfides. Of the two, sulfides were more efficient than ethers, 

especially at lower concentrations. However, the length and branching of the alkyl chain had a 

minimal effect on reactivation. Phenyl ether ADG3003 and phenyl sulfide ADG3002 analogs 
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exhibited remarkable in vitro activity and were able to reactivate paraoxon- and OPNA-inhibited 

AChE. Both analogs should be studied further to determine the pharmacokinetic profiles and in vivo 

activity. 

2.3 Structure-activity relationship study of ADG3002 and ADG3003 

Inspired by the in vitro reactivation efficiencies of ADG3002 and ADG3003, I began an 

SAR campaign encompassing various steric and electronic modifications. First, the role of the 

ether group of ADG3003 was investigated by replacing it with a hydroxyl group. The hydroxyl 

group has the potential to function as a hydrogen bond donor and acceptor, while the ether is only 

a hydrogen bond acceptor. I hypothesized that the electronics of ADG3002 could be modulated 

by oxidizing the sulfur atom to the sulfoxide and sulfone. Lastly, substituents were added to each 

modifiable position of the phenyl ring of ADG3002 and ADG3003 to investigate steric and 

electronic restrictions. For example, fluorine atoms were added because they are frequently 

incorporated in drug candidates. Fluorine atoms may modulate electron density of aromatic rings 

and van der Waals interactions and increase lipophilicity and metabolic stability.115-118 Methyl 

groups were added, as they are common functional groups in biologically active compounds and 

are often added to parent structures in effort to improve biological activity and pharmacological 

properties.119, 120 Additionally, methoxy groups were incorporated as an electron-rich bioisostere 

of the methyl group, while minimizing steric hindrance.121 Larger substituents, such as 

isopropoxyphenoxy, diphenoxy, and naphthyl, were also included in the campaign to probe the 

steric constraints of the AChE binding gorge. After completing the synthesis of the analogs, the in 
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vitro reactivation efficiency of the final compounds was determined using a modified Ellman’s 

assay. 

2.3.1 Results 

I envisioned that the hydroxyl analog could be synthesized via a Grignard reaction. The 

starting material for this analog the could be synthesized via the route shown in Scheme 3. The 

first synthetic step involved N-oxidation of commercially available 4-bromo-2-methylpyridine 3-

1 following a procedure reported by Limnios and Kokotos99 to afford N-oxide 3-2 in 37% yield. 

The rearrangement100 of N-oxide 3-2 furnished the corresponding hydroxymethyl pyridine 3-3 in 

quantitative yield. This alcohol was then oxidized with MnO2 to form aldehyde 3-4 in 54% yield. 

Lastly, this aldehyde was protected as a dimethyl acetal to generate 3-5 in 73% yield. 

 

 

Scheme 3. Synthesis of 3-5. 

 

Initial attempts to transform 3-5 into Grignard reagent 3-6 were unsuccessful (Scheme 4); 
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a mixture of unreacted started materials was obtained. Magnesium-halogen exchange was pursued 

as an alternative. Isopropylmagnesium chloride was selected, as it is the typical magnesium reagent 

of choice for magnesium-halogen exchange.122 This approach proved to be a viable alternative and 

3-7 was successfully formed in 33% yield (Scheme 5). Subsequently, oxime 3-8 was formed via a 

one-pot procedure for acetal deprotection and condensation with hydroxylamine in 95% yield. The 

final compound ADG3230 was synthesized in 44% yield by N-methylation with MeI. 

 

 

Scheme 4. Failed synthesis of 3-7. 

 

 

Scheme 5. Synthesis of ADG3230. 

 

The in vitro reactivation efficiency of a racemic mixture of ADG3230 was determined by 

the modified Ellman’s assay, as previously described. At 18 µM, ADG3230 was 30% as efficient 
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as 2-PAM at reactivating paraoxon-inhibited EeAChE after 27 min (Figure 32a). A dose-

dependent increase in enzyme reactivation was observed (Figure 32b), but ADG3230 remined 23–

68% less efficient than 2-PAM at all concentrations tested. Enzymatic activity was reduced by 

33% when ADG3230 was incubated with EeAChE in the absence of paraoxon. In the future, 

synthesis and in vitro evaluation of enantiopure ADG3230 would reveal whether the data in Figure 

32a are an average of an active and inactive enantiomer or if the ether functional group, as in 

ADG3003, is superior to the hydroxyl analog ADG3230. 

 

 

Figure 32. In vitro activity of ADG3230. (a) reactivation of EeAChE inhibited with 2% v/v paraoxon in 

isopropanol by 18 µM oxime (b) reactivation of EeAChE inhibited with 2% v/v paraoxon in isopropanol dose-

response at 18 min (c) inhibition of EeAChE by ADG3230 at 9 min. ****p < 0.0001 as determined by an 

unpaired, two-tailed t-test. Data are mean  ± SD. n = 3. 

 

I envisioned that the sulfoxide and sulfone analogs could be synthesized from sulfide 2-5h 

(Scheme 6). Oxidation with mCBPA required optimization to avoid the formation of byproducts. 

Ultimately, dropwise addition of an mCBPA solution at 0 °C produced sulfoxide 3-9 as a racemic 

mixture and sulfone 3-10 in 83 and 67% yields, respectively. A one-pot procedure for acetal 
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deprotection and condensation with hydroxylamine afforded oximes 3-11 and 3-12 in 74 and 89% 

yields, respectively. Despite several attempts, the final N-methylated analogs 3-13 and 3-14 were 

not synthesized. This is presumably because the sulfinyl and sulfonyl groups decreases the 

nucleophilicity of the pyridinyl nitrogen, making it unreactive and resistant to methylation. 

 

 

Scheme 6. Failed synthesis of sulfoxide and sulfone analogs. 

 

The series of fluoro, methyl, and methoxyphenyl analogs were synthesized via Scheme 7, 

Scheme 8, and Scheme 9, respectively. The SNAr of nitropyridine 2-4 with the corresponding 

substituted phenol or thiophenol installed the key C–O or C–S bond of 3-15a–f, 3-16a–f, and 3-

17a–f in 22–98% yields. Subsequently, oximes 3-18a–f, 3-19a–f, and 3-20a–f were formed via a 

one-pot procedure for acetal deprotection and condensation with hydroxylamine in 61% to 
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quantitative yields. The final compounds were synthesized in 32% to quantitative yields by N-

methylation with MeI. 

 

compound yield compound yield compound X R yield 

3-15a 49 3-18a 93 ADG3124 O o-F 32 

3-15b 22 3-18b 61 ADG3123 O m-F 27 

3-15c 56 3-18c 97 ADG3116 O p-F 66 

3-15d 98 3-18d 89 ADG4158 S o-F 93 

3-15e 89 3-18e quant ADG4146 S m-F 57 

3-15f 93 3-18f quant ADG3193 S p-F 39 

Scheme 7. Synthesis of fluoro-substituted analogs. 
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compound yield compound yield compound X R yield 

3-16a 80 3-19a 98 ADG3124 O o-Me 91 

3-16b 66 3-19b quant ADG3123 O m-Me 80 

3-16c 85 3-19c 75 ADG3116 O p-Me 54 

3-16d 83 3-19d 83 ADG4158 S o-Me 98 

3-16e 98 3-19e 76 ADG4146 S m-Me 84 

3-16f 98 3-19f 52 ADG3193 S p-Me quant 

Scheme 8. Synthesis of methyl-substituted analogs. 
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compound yield compound yield compound X compound yield 

3-17a 69 3-20a 96 ADG3124 O o-OMe 87 

3-17b 88 3-20b 91 ADG3123 O m-OMe 80 

3-17c 65 3-20c quant ADG3116 O p-OMe 89 

3-17d 95 3-20d 91 ADG4158 S o-OMe 88 

3-17e 98 3-20e 69 ADG4146 S m-OMe 62 

3-17f 76 3-20f 87 ADG3193 S p-OMe 44 

Scheme 9. Synthesis of methoxy-substituted analogs. 

 

Interestingly, inclusion of a fluorine atom at the ortho or meta position of ether analogs 

significantly reduced reactivation efficiency for paraoxon-inhibited EeAChE (Figure 33a and b). 

p-Fluorophenyl ether ADG3116 was 66% as efficient as 2-PAM at 18 µM after 27 min (Figure 

33a). o-Fluorophenyl ether ADG3124 and m-fluorophenyl ether ADG3123 were ineffective. 

Moreover, p-fluorophenyl ether ADG3124 remained slightly less efficient than 2-PAM at all 

concentrations tested (Figure 33b). Increasing the concentration of m-fluorophenyl ether 

ADG3123 increased AChE reactivation, but this analog was still inferior to 2-PAM; higher 

concentrations of ADG3124 did not elicit a response. Upon further examination, I found that o-

fluorophenyl ether ADG3124 inhibited AChE enzyme (Figure 34). 

In contrast to the ether series, addition of a fluorine atom had no effect on the reactivation 

efficiency of sulfide analogs; performance of o-, m-, and p-fluorophenyl sulfides ADG4158, 
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ADG4146, and ADG3193 were identical to 2-PAM at 18 µM (Figure 33c). Enzyme reactivation 

by these fluorinated sulfides was equivalent to 2-PAM up to approximately 75 µM, above which 

the enzyme activity slightly decreased (Figure 33d). The decrease in reactivation could be 

accounted for by enzyme inhibition by the pyridinium oximes (Figure 34). Based on the van der 

Waals radii of fluorine and hydrogen atoms (1.47 Å and 1.20 Å, respectively), the steric effects 

should be marginal.115 The difference in activity from the fluorine-substituted subseries in 

comparison to parent compounds ADG3003 and ADG3002 is likely due to modulation of 

electronics.  
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Figure 33. In vitro reactivation of EeAChE inhibited with 2% v/v paraoxon in isopropanol by fluoro-

substituted analogs. a) 18 µM phenyl ether analogs. b) dose-response of phenyl ether analogs at 18 min. c) 18 

µM phenyl sulfide analogs. d) dose-response of phenyl sulfide analogs at 18 min. Data are mean  ± SD. n = 3. 
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Figure 34. Inhibition of EeAChE by 600 µM fluoro-substituted analogs at 9 min. *p < 0.05; ***p < 0.001; 

****p < 0.0001 as determined by an unpaired, two-tailed t-test. Data are mean ± SD. n = 3. 

 

Figure 35 shows the in vitro reactivation of paraoxon-inhibited EeAChE by methyl-

substituted phenyl ether and sulfide analogs. Generally, the addition of a methyl group was well 

tolerated in both ether and sulfide analogs. However, at concentrations greater than 75 µM, there 

was a decrease in activity amongst the methyl-substituted phenyl sulfides (Figure 35d). The 

decrease in activity can be attributed to moderate enzyme inhibition by the oximes (Figure 36).  
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Figure 35. In vitro reactivation of EeAChE inhibited with 2% v/v paraoxon in isopropanol by methyl-

substituted analogs. a) 18 µM phenyl ether analogs. b) dose-response of phenyl ether analogs at 18 min. c) 18 

µM phenyl sulfide analogs. d) dose-response of phenyl sulfide analogs at 18 min. Data are mean  ± SD. n = 3. 
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Figure 36. Inhibition of EeAChE by 600 µM methyl-substituted analogs at 9 min. *p < 0.05; **p < 0.01; ***p 

< 0.001; ****p < 0.0001 as determined by an unpaired, two-tailed t-test. Data are mean ± SD. n =  

 

In contrast to the methyl-substituted phenyl analogs, reactivation efficiency was variably 

impacted by the addition of a methoxy substituent (Figure 37); phenyl ethers were more sensitive 

to the substitution. p-Methoxyphenyl ether ADG3121 maintained efficiency and had activity 

equivalent to 2-PAM at 18 µM (Figure 37a). However, m-methoxyphenyl ether ADG3128 and o-

methoxyphenyl ether ADG3120 were only 60% and 25% as efficient as 2-PAM at 18 µM after 27 

min, respectively. The dose-response curves revealed similar trends (Figure 37b); ADG3121 was 

as effective as 2-PAM at all concentrations tested, while ADG3128 and ADG3120 were notably 

less efficient. Although o-methoxyphenyl ether ADG3120 had inhibitory effect on EeAChE at 600 

µM, reducing enzymatic activity by approximately 30% (Figure 38), the low reactivation efficiency 

at 18 µM suggests that the this analog likely adopts an unfavorable conformation during 

reactivation.  

Incorporation of a methoxy substituent had less of an impact in the sulfide series. At 18 

µM, m-methoxyphenyl sulfide ADG4153 and p-methoxyphenyl sulfide ADG3192 exhibited 

reactivation efficiencies equivalent to 2-PAM. o-Methoxyphenyl sulfide ADG4118 was 57% as 
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efficient as 2-PAM after 27 min (Figure 37c). At concentrations less than 75 µM, ADG4153 and 

ADG3192 exhibited reactivation efficiencies equivalent to 2-PAM, but enzyme activity decreased 

in a concentration dependent manner at concentrations greater than 75 µM (Figure 37d). The o-

methoxyphenyl sulfide ADG4118 was notably less efficient than 2-PAM at all concentrations 

tested and also had a slight decrease in reactivation at concentrations greater than 75 µM. The 

decrease in apparent enzyme activity in the presence of sulfide analogs at concentrations exceeding 

75 µM can be attributed to enzyme inhibition by the reactivator (Figure 38). Phenyl ethers are more 

sensitive to the addition of a methoxy group than phenyl sulfides. It is unclear whether the 

sensitivity is due to electronics, sterics, or a combination of both factors.  
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Figure 37. In vitro reactivation of EeAChE inhibited with 2% v/v paraoxon in isopropanol by methoxy-

substituted analogs. a) 18 µM phenyl ether analogs. b) dose-response of phenyl ether analogs at 18 min. c) 18 

µM phenyl sulfide analogs. d) dose-response of phenyl sulfide analogs at 18 min. Data are mean ± SD. n = 3. 
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Figure 38. Inhibition of EeAChE by 600 µM methoxy-substituted analogs at 9 min. *p < 0.05; **p < 0.01; ***p 

< 0.001; ****p < 0.0001 as determined by an unpaired, two-tailed t-test. Data are mean ± SD. n = 3. 

 

Encouraged by the results of methoxy-substituted phenyl ether analogs, larger alkyl and 

aryl groups were explored in the meta and para positions of the phenyl ring to further probe the 

steric constraints of the binding gorge. Analogs with an isopropoxyphenoxy substituent could be 

synthesized via Scheme 10. The synthesis began with the SNAr of 2-4 with the corresponding 

diphenol to generate ethers 3-21a and 3-21b in 66 and 25% yield, respectively. The etherification 

of 3-21a and 3-21b with 2-iodopropane installed the isopropyl group to yield 3-22a and 3-22b in 

89 and 83% yield, respectively. Next, oximes 3-23a and 3-23b were generated via a one-pot acetal 

deprotection and condensation with hydroxylamine in 80% to quantitative yield. Lastly, the final 

analogs ADG5044 and ADG5045 were furnished in 72 and 88% yield by N-methylation with MeI. 
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Scheme 10. Synthesis of isopropoxy-substituted analogs. 

Similarly, the diphenoxy or naphthyl analogs could be synthesized according to Scheme 11. For 

both subseries, SNAr of 2-4 with the corresponding nucleophile forms the key C–O or C–S bonds 

to afford 3-24a–e in 82–99% yields. Next, oximes 3-25a–e were generated in 72–99% yields. 

Finally, N-methylation with MeI produced the desired final compounds in 30% to quantitative 

yields. 
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Scheme 11. Synthesis of diphenoxy- and naphthyl-substituted analogs. 
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Increasing the steric bulk of substituents had varying effects. Reactivation with 18 µM m- 

and p-isopropoxyphenyl ethers ADG5044 and ADG4045 showed that inclusion of an isopropoxy 

group decreased activity in comparison to 2-PAM (Figure 39a) and related methoxy-substituted 

analogs, ADG3128 and ADG3121. This trend was also observed at all concentrations tested 

(Figure 39b). Further increasing the size of the substituent to a phenoxy had a remarkable impact 

on reactivation efficacy. m-Phenoxy phenyl ether ADG4230 lacked the ability to reactivate 

paraoxon-inhibited EeAChE at all concentrations tested (Figure 39c and d). The poor activity 

cannot be attributed to enzyme inhibition (Figure 40), suggesting that the enzyme binding pocket 

cannot accommodate the steric bulk of the m-phenoxy group. In contrast, p-phenoxyphenyl ether 

ADG4234 yielded an efficient reactivator at 18 µM (Figure 39c). At concentrations less than 75 

µM, this ether exhibited reactivation efficiencies only slightly inferior to 2-PAM, but enzyme 

activity decreased in a concentration dependent manner at concentrations greater than 75 µM 

(Figure 39d). The meta position of the phenyl ring was more sensitive to sterics than the para 

position.  

Naphthyl ether ADG4204 also efficiently reactivated the enzyme at 18 µM (Figure 39c). 

The naphthyl ether had a similar reactivation profile to p-phenoxyphenyl ether ADG4234 when 

examining a range of concentrations (Figure 39d). At this time the decrease in enzyme reactivation 

of ADG4234 and ADG4204 at concentrations greater than 75 µM, cannot be explained; neither 

reactivators have an inhibitory effect on EeAChE (Figure 40). The reactivation profiles of naphthyl 

sulfide ADG4072 and its trifluoromethyl variant ADG4145 showed that they were as efficient as 

2-PAM at 18 µM. The dose-response curves reveal negligible differences between these two 

naphthyl sulfides; both are as effective as 2-PAM at concentration less than 75 µM. As with other 

sulfide analogs discussed, there was a slight decrease in reactivation when oxime concentrations 
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exceed 75 µM. In this case, the decrease can be attributed to enzyme inhibition by the reactivator 

(Figure 40). 
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Figure 39. In vitro reactivation of EeAChE inhibited with 2% v/v paraoxon by isopropoxyphenyl ether-, 

diphenoxy-, and napthyl-substituted analogs. a) 18 µM isopropoxyphenyl ether analogs. b) dose-response of 

isopropoxyphenyl ether analogs at 18 min. c) 18 µM diphenoxy and naphthyl ether analogs d) dose-response 

of diphenoxy and naphthyl ether analogs at 18 min. e) 18 µM naphthyl sulfide analogs d) dose-response of 

naphthyl sulfide analogs at 18 min. Data are mean ± SD. n = 3. 
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Figure 40. Inhibition of EeAChE by 600 µM isopropoxyphenyl ether-, diphenoxy-, and napthyl-substituted 

analogs at 9 min. *p < 0.05; ***p < 0.001; ****p < 0.0001 as determined by an unpaired, two-tailed t-test. 

Data are mean ± SD. n = 3. 

 

The permeability the aryl ether and aryl sulfide analogs involved in this SAR campaign 

was measured by a parallel artificial membrane permeability assay (PAMPA).123 This trans-well 

in vitro assay system determines the passive permeability of small molecules through a lipid-

infused artificial membrane. More specifically, the membrane was coated with 4% lecithin in 

dodecane, then 500 µM solutions of each analog was added to the apical well. After 18 h, the 

concentration of each reactivator in the basal well was determined by measuring the absorbance at 

each analogs’ λmax. The absorbance was then compared to the absorbance of a 200 µM solutions 

because that would be the maximum concentration if the apical and basal wells were in 

equilibrium. Unfortunately, the addition of phenyl ether and phenyl sulfide groups had a negligible 

effect on the permeability of the novel reactivators presented in this study (Figure 41). These 

results suggest that the structural modifications made in this study may not be sufficient for 

improving passive diffusion. However, PAMPA does not consider the possibility of the our 

compounds being substrates for influx transporters.124 
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Figure 41. Passive permeability as determined by PAMPA assay. (a) ether analogs. (b) sulfide analogs. Data 

are mean ± SD. n = 3. 

 

2.3.2 Conclusions 

The current work shows that exploration of the 4-position of 2-PAM is a promising 

approach for the discovery of improved drug candidates. More specifically, incorporation of 

phenyl ether and sulfides on the core pyridinium scaffold of 2-PAM can enhance the reactivation 

of paraoxon-inhibited EeAChE. However, the exact contribution of oxygen and sulfur at the 
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atomic level is unclear at this point. Furthermore, the activity of parent ether and sulfide ADG3003 

and ADG3002 can be modulated by the addition of fluoro-, methyl-, methoxy-, isopropoxy-, 

phenoxy-, and naphthyl substituents (summarized in Figure 42). Based on in vitro reactivation 

alone, it is unlikely that any of the substituted analogs developed and discussed in this section 

would replace ADG3003 and ADG3002 as lead compounds. However, the analogs of this section 

may serve as viable alternatives if ADG3003 and ADG3002 have undesirable pharmacokinetic 

properties and/or in vivo activity. 

 

 

Figure 42. Summary of in vitro reactivation of paraoxon-inhibited EeAChE by aryl ether and aryl sulfide 

analogs. a) 18 µM aryl ether analogs at 18 min b) 600 µM aryl ether at 18 min c) 18 µM aryl sulfide analogs at 

18 min d) 600 µM aryl sulfide at 18 min. The absorbance of each analog at the specificed concentration and 

time point was used in to generate the above summary. The data was normalized (feature scaling).   

 

  



 78 

2.4 Aryl analogs  

Based on the results of the methyl scan series, I designed a series of phenyl analogs with 

various linkers at the 4-position of 2-PAM. Phenyl substituents were selected in effort to increase 

hydrophobicity for possibly better BBB permeability and π-π stacking with residues lining the 

binding gorge of AChE.4, 15 In this section, ethynyl and ethylene linkers were examined first to 

determine whether unsaturated or saturated linkers were preferred. Successively, analogs with 

systematic changes in linker length and atom composition were designed. Because 4-phenoxy-2-

PAM (ADG3003) was found to be an efficient reactivator of paraoxon- and OPNA-inhibited 

AChE and tolerant of methyl groups in modifiable positions of the phenyl ring, I fused the phenoxy 

moiety of ADG3003 with a phenethyl scaffold to generate a new series of analogs.  

2.4.1 Results 

Phenylethynyl and phenethyl analogs were synthesized according to Scheme 12. 

Bromopyridine 3-5 underwent Sonogashira cross-coupling125 with phenylacetylene to afford 4-1 

in 87% yield. The hydrogenation of alkyne 4-1 generated 4-2 in 56% yield. A one-pot acetal 

deprotection-condensation procedure with 4-1 and 4-2 generated oximes 4-3 and 4-4 in 

quantitative and 56% yields, respectively. Finally, N-methylation of oximes 4-3 and 4-4 with MeI 

afforded final compounds ADG2173 and ADG2180 in 67 and 98% yields, respectively.  
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Scheme 12. Synthesis of ADG2173 and ADG2180. 

 

The in vitro reactivation efficiency of 4-phenylethynyl analog ADG2173 and 4-phenethyl 

analog ADG2180 was determined using Ellman’s assay as previously described. 4-Phenylethynyl 

analog ADG2173 and 4-phenethyl analog ADG2180 were 46% and 37% as efficient as 2-PAM at 

18.8 µM, respectively (Figure 43a). The dose-response curves of ADG2173 and ADG2180 

revealed that apparent enzyme reactivation is not dose-dependent. 4-Phenylethynyl analog 
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ADG2173 and 4-phenethyl analog ADG2180 consistently showed approximately 50 and 25%, 

respectively, of the activity of 2-PAM at all concentrations tested. (Figure 43b).  

 

 

Figure 43. In vitro activity of ADG2173 and ADG2180. (a) reactivation of EeAChE inhibited with 2% v/v 

paraoxon in isopropanol by 18 µM oxime (b) reactivation of EeAChE inhibited with 2% v/v paraoxon in 

isopropanol dose-response at 18 min (c) inhibition of EeAChE by ADG2173 and ADG2180 at 9 min. *p < 

0.05; **p < 0.01; ***p < 0.001; ****p < 0.0001 as determined by an unpaired, two-tailed t-test. Data are mean 

± SD. n = 3. 

 

In effort to understand the reactivation trends, 4-phenylethynyl analog ADG2173 and 4-

phenethyl analog ADG2180 were incubated with EeAChE to determine whether the oximes could 

inhibit the enzyme. Figure 43c shows that neither ADG2173 nor ADG2180 inhibited EeAChE at 

75 µM. However, enzyme activity was reduced by approximately 30% in the presence of 600 µM 

analog ADG2173. Likewise, analog ADG2180 reduced EeAChE activity by approximately 50%. 

Despite the moderate reactivation efficacies, 4-phenylethynyl analog ADG2173 and 4-

phenethyl analog ADG2180 were tested at USAMRICD to determine the reactivation efficiencies 

against nerve agents (Figure 44). The multi-agent screening (Figure 44a) revealed that after 53 

min, 10 µM doses of ADG2173 and 2-PAM reactivated 7% of sarin-inhibited hAChE, while 
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ADG2180 reactivated 14%. Against cyclosarin-inhibited hAChE, ADG2173 and ADG2180 were 

2.4- and 2.8-fold more efficient than 2-PAM, respectively. At 10 µM, 2-PAM and ADG2173 were 

modest reactivators of VX-inhibited hAChE, reactivating 6 and 7%, respectively. However, 

ADG2180 reactivated 15% of VX-inhibited hAChE at the same dose. ADG2180 reactivated only 

2% of VR-inhibited hAChE, while 2-PAM reactivated 6% and ADG2173 reactivated 11%. The 

ability of 4-phenethyl analog ADG2180 to reactivate 7% of tabun-inhibited hAChE, especially at 

a 10 µM dose, is noteworthy. In comparison, 2-PAM and ADG2173 reactivated ≤1%. None of the 

oximes were able to reactivate soman-inhibited hAChE. 

Reactivation using 1000 µM doses (Figure 44b) was also studied. After 53 min, 4-phenethyl 

analog ADG2180 was the most efficient reactivator of sarin-inhibited hAChE. At the same 

concentration, unsaturated ADG2173 was only 63% as effective as 2-PAM. Additionally, 4-

phenethyl analog ADG2180 was also the most efficient reactivator against cyclosarin-inhibited 

hAChE; ADG2180 was 182% more efficient than 2-PAM. 4-Phenylethynyl analog ADG2173 was 

121% more efficient than 2-PAM. Against VX-inhibited hAChE, ADG2180 was twice as efficient 

in comparison to 2-PAM, while ADG2173 was equivalent to 2-PAM. Disappointingly, 4-

phenethyl analog ADG2180 showed poor reactivation of VR-inhibited hAChE and was only 16% 

as efficient as 2-PAM. In contrast, ADG2173 was equally effective as 2-PAM against VR-

inhibited hAChE. Remarkably, ADG2180 moderately reactivated tabun-inhibited hAChE, while 

ADG2173 and 2-PAM barely reactivated tabun-inhibited hAChE. None of the oximes were 

effective against soman.  
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Figure 44. Reactivation of OPNA-inhibited hAChE using (a) 10 or (b) 1000 µM 2-PAM, ADG2173, and 

ADG2180 at 53 min. *p < 0.05; **p < 0.01; ***p < 0.001; as determined by an unpaired, two-tailed t-test. 

Data are mean ± SD. n = 2. 

 

Although ADG2173 was the more effective reactivator of paraoxon-inhibited EeAChE, it 

remained less efficient than 2-PAM. Additionally, performance of ADG2173 in the multi-agent 

screen was inadequate to replace 2-PAM. In contrast, 4-phenylethyl analog ADG2180 elicited 

limited reactivation of paraoxon-inhibited EeAChE but had exceptional activity in the multi-agent 

screen and reactivated four of the six nerve agents tested. It is of special note that ADG2180 has 

the ability to reactivate tabun-inhibited AChE.  

Encouraged by these results, I selected the saturated linker for further investigation and 

designed additional phenethyl analogs. An analog featuring an amide was proposed, as 
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cheminformatic analysis of 420,000 bioactive molecules revealed that the amide functional group 

is the most common, existing in 40% of molecules analyzed.107 The initial synthetic route for the 

amido analog began with the reaction of aldehyde 4-5 and phosphonate 4-6 (Scheme 13). Aldehyde 

4-5 was transformed into alkyne 4-7 in 81% yield following the Ohira-Bestmann modification126-

128 of Seyferth-Gilbert homologation129, 130. However, Sonogashira coupling of alkyne 4-7 and 

bromopyridine 3-5 was unsuccessful in producing 4-8; unreacted starting materials were 

recovered. It is likely that the electron deficiency of alkyne 4-7 prevents formation of the copper 

acetylide and/or transmetalation. There is literature precedence for the formation of the copper 

acetylide131. However, preparation required stoichiometric CuI and the acetylide was isolated 

before being subjected to a Castro-Stephens coupling reaction132 with p-iodonitrobenzene. In 

contrast, the reaction conditions in Scheme 13 used catalytic CuI. Furthermore, p-

iodonitrobenzene would be more reactive than bromopyridine 3-5 in any type of organometallic 

coupling reaction. 

 

 

Scheme 13. Failed synthesis of 4-8. 

 

As an alternative, Sonogashira coupling of bromopyridine 3-5 and TMS acetylene yielded 

alkyne 4-9 in quantitative yield. A literature procedure133 was adopted for in situ desilylation of 4-
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9 and Sonogashira coupling with nitrobromobenzene 4-10 to furnish 4-8 in 47% yield. Universal 

reduction of 4-8 produced 4-11 in 93% yield. Amine 4-11 was reacted with propionic anhydride 

to furnish amide 4-12 in 74% yield. However when 4-12 was subjected to the one-pot acetal 

deprotection-condensation procedure, a mixture of 4-13 and an unidentifiable byproduct was 

formed. Attempts to isolate 4-13 were futile. As a result, the amido analog was abandoned.  

 

 

Scheme 14. Synthetic route for amido analog. 

 

Ether substituted-phenethyl analogs were also designed and synthesized. For example, 3-

methoxyphenethyl analog ADG4063 was synthesized according to Scheme 15. Sonogashira cross-

coupling of 3-5 with commercially available 3-ethynylanisole afforded the desired coupling 

product 4-14 excellent yield. Hydrogenation of alkyne 4-14 furnished 4-15 in 62% yield. A one-

pot acetal deprotection-condensation procedure generated oxime 4-16 in 74% yield. Finally, N-

methylation of oxime 4-16 with MeI afforded final product ADG4063 in 94% yield. 
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Scheme 15. Synthesis of ADG4063. 

 

To probe steric effects, an isopropoxyphenethyl analog was designed. However, the 

required alkynyl coupling partner was not commercially available. The initial synthetic route to 

synthesize the alkynyl coupling partner (Scheme 16) was unsatisfactory. Following a literature 

procedure 134 for etherification of 4-17 with 2-iodopropane afforded a 3:1 mixture of 4-18 and 

unreacted 4-17. The mixture was subjected to reaction with phosphonate 4-6, which afforded 

alkyne 4-19 in 45% yield. However, this route was undesirable because etherification did not go 

to completion despite long reaction times (51 h). Using the mixture of 4-17 and 4-18 for 

homologation produces a mixture of alkynes, which were troublesome to separate. Homologation 

was also found to be irreproducible. As a result, an alternate route was pursued. Treatment of 

bromophenol 4-20 with 2-iodopropane and K2CO3 generated ether 4-21 in 69% yield. Subsequent 



 86 

Sonogashira cross-coupling of 4-21 with trimethylsilylacetylene afforded 4-22 in 91% yield. 

Finally, desilylation furnished alkyne 4-19 in 81% yield. 

 

 

Scheme 16. Synthesis of 4-19. 

 

Prepared alkyne 4-19 was found to undergo Sonogashira cross-coupling with 3-5 to afford 

the desired coupling product 4-23 in excellent yield. Hydrogenation of alkyne 4-23 furnished 4-24 

80% yield. A one-pot acetal deprotection-condensation procedure generated oxime 4-25 in 

quantitative yield. Finally, N-methylation of oxime 4-25 with MeI afforded final product 

ADG4111 in 66% yields. 
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Scheme 17. Synthesis of ADG4111. 

 

The in vitro reactivation efficiency of ADG4063 and ADG4111 was determined using the 

modified Ellman’s assay as previously described. At 18.8 µM, the reactivation profiles of 

ADG4063 and ADG4111 were nearly identical to ADG2180, the unsubstituted parent compound. 

Both ADG4063 and ADG4111 were approximately 37% as efficient as 2-PAM (Figure 45a). 

Additionally, ADG4063 and ADG4111 were less efficient than 2-PAM at all concentrations tested 

but had indistinguishable reactivation profiles in comparison to the unsubstituted parent 

compound, ADG2180. The apparent lack of dose-dependent enzyme reactivation was attributed 

to slight enzyme inhibition by ADG4063 and ADG4111 (Figure 46). Unfortunately, at the time of 

this study, multi-agent screening at USAMRICD has been halted, so the ability of ADG4063 and 

ADG4111 to reactivate OPNA-inhibited hAChE remains unknown. However, given that 

ADG2180 was only a moderate reactivator of paraoxon-inhibited AChE, but was effective against 
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OPNA-inhibited AChE, I cannot exclude the possibility of ADG4063 and ADG4111 being 

efficient reactivators of OPNA-inhibited hAChE. 

 

 

Figure 45. In vitro of EeAChE inhibited with 2% v/v paraoxon in isopropanol by ADG4063 and ADG4111. 

(a) reactivation of 18 µM oxime.(b) dose-response at 18 min. Data are mean ± SD. n = 3. 

 

 

Figure 46. Inhibition of EeAChE by ADG4063 or ADG4111 at 9 min. **p < 0.01; ****p < 0.0001 as 

determined by an unpaired, two-tailed t-test. Data are mean ± SD. n = 3.  
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Inspired by the superiority of ADG2180 over 2-PAM in vitro, I designed a series of analogs 

with extended alkyl chains and included alkyl ethers to determine the ideal linker length and atom 

composition. Phenalkyl analogs were synthesized according to  

Scheme 18; bromopyridine 3-5 underwent Sonogashira cross-coupling with the 

corresponding alkyne to afford alkynes 4-26a–c 30% to quantitative yields. Hydrogenation of 

alkynes 4-26a–c generated the corresponding saturated compounds 4-27a–c in 64–88% yields. A 

one-pot acetal deprotection-condensation procedure generated oximes 4-28a–c in 52–96% yields. 

Finally, N-methylation of oximes 4-28a–c with MeI afforded 2-PAM analogs ADG4300, 

ADG4244, and ADG4282 in 59% to quantitative yields. 
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Scheme 18. Synthesis of phenalkyl analogs. 

 



 91 

Phenalkyl ether analogs were synthesized according to Scheme 19. Nitropyridine 2-4 

underwent nucleophilic aromatic substitution (SNAr) with the corresponding alcohol to form ethers 

4-29a–d in 70% to quantitative yields. Subsequently, a one-pot procedure for acetal deprotection-

condensation with hydroxylamine afforded oximes 4-30a–d in 56–98% yields. Lastly, N-

methylation furnished final products in 97% to quantitative yields. 

 

 

Scheme 19. Synthesis of phenalkyl ether analogs. 
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The phenalkyl analogs were tested for the ability to reactivate paraoxon-inhibited EeAChE. 

At 18.8 µM, the reactivation profiles of butyl- and pentyl-linker analogs ADG4244 and ADG4282 

were identical; both analogs were 65% as efficient as 2-PAM (Figure 47a). Propyl analog 

ADG4300 was 45% as efficient as 2-PAM (Figure 47a). When examining the dose-response, 

butyl- and pentyl-linker analogs ADG4244 and ADG4282 exhibited moderate activity at 

concentrations below 75 µM. Apparent enzyme activity decreased with concentrations exceeding 

75 µM, which could be attributed to enzyme inhibition by the oxime (Figure 48). Propyl-linker 

analog ADG4300 showed a dose-dependent increase in enzyme activity with concentrations below 

75 µM; concentrations greater than 75 µM led to reduced apparent enzyme activity. As with the 

other phenalkyl analogs, this decrease was due to enzyme inhibition by the oxime (Figure 48). 

Overall, increasing the length of the alkyl linker provided a slight increase in reactivation 

efficiency. However, phenalkyl analogs inhibited EeAChE at higher concentrations. Although the 

phenalkyl series offered limited protection against paraoxon-inhibited EeAChE, further 

investigation may be warranted given the poor correlation between the activity of ADG2180 

against paraoxon-inhibited EeAChE and OPNA-inhibited hAChE.  

I also determined the in vitro reactivation of the phenalkyl ether analog series. The 

phenalkyl ethers elicited partial reactivation at 18.8 µM (Figure 47c). Additionally, enzyme activity 

increased with an increase in linker length. The dose response of the phenalkyl ether analogs series 

(Figure 47d) is similar to phenalkyl analogs series; apparent enzyme activity increases with 

concentrations below 75 µM after which apparent enzyme decreases as a result of inhibition by the 

oxime (Figure 48). This series also shows a positive correlation between increasing linker-length 

and apparent enzyme activity.  
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Figure 47. In vitro reactivation of EeAChE inhibited with 2% v/v paraoxon by phenalkyl and phenalkyl ether 

analogs. (a) reactivation of 18 µM phenalkyl oxime (b) dose-response of phenalkyl oximes at 18 min (c) 

reactivation of 18 µM phenalkyl ether oxime (d) dose-response of phenalkyl ether oximes at 18 min. Data are 

mean ± SD. n = 3. 
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Figure 48. Inhibition of EeAChE by phenalkyl or phenalkyl ether analgos at 9 min. **p < 0.01; ***p < 0.001; 

****p < 0.0001 as determined by an unpaired, two-tailed t-test. Data are mean ± SD. n = 3. 

 

As discussed, 4-phenoxy-2-PAM (ADG3003) was found to be an exceptional reactivator 

of paraoxon- and OPNA-inhibited AChE and  tolerant of methyl groups in modifiable positions of 

the phenyl ring. The next series fused the phenyl ether of ADG3003 with the phenethyl moeity of 

ADG2180. This series was synthesized from nitropyridine 2-4 (Scheme 20). The 2-, 3-, and 4-

bromophenols underwent SNAr with 2-4 to afford 4-31a–c in 50–99% yields. Sonogashira cross-

coupling of these products with phenylacetylene generated alkyne 4-32a–c products in 83–98% 

yields. Hydrogenation of alkynes 4-32a–c afforded the saturated derivatives 4-33a–c in 84% to 

quantitative yields. Oximes 4-34a–c were prepared in 61% to quantitative yields via a one-pot 
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acetal deprotection and condensation with hydroxylamine. Finally, N-methylation of oximes 4-

34a–c with MeI afforded the final products in 50–95% yields. 
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Scheme 20. Synthesis of phenethyl phenoxy analogs. 
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In vitro testing of the phenethyl phenoxy analogs using paraoxon-inhibited EeAChE was 

conducted (Figure 49). At 18.8 µM, only o-phenethyl phenoxy analog ADG4298 elicited a 

response (Figure 49a), although only 46% as effective as 2-PAM at 27 min; ADG4298 was 

approximately half as effective as 2-PAM at all concentrations tested (Figure 49b). m-Phenethyl 

phenoxy analog ADG4291 could not reactivate paraoxon-inhibited EeAChE at any concentration 

tested (Figure 49b). p-Phenethyl phenoxy analog ADG4278 elicited a partial reactivation at 

concentrations greater than 150 µM but remained significantly less efficient than 2-PAM. In effort 

to understand the poor reactivation, I examined whether the phenethyl phenoxy analogs inhibited 

EeAChE (Figure 50) to find that only o-phenethyl phenoxy analog ADG4298 had a mild inhibitory 

effect on EeAChE at 600 µM; m- and p-phenethyl phenoxy analogs did not inhibit EeAChE which 

suggests that the enzyme cannot accommodate the additional steric bulk at the meta- and para- 

positions of the phenyl ring.  

 

 

Figure 49. In vitro reactivation of EeAChE inhibited with 2% v/v paraoxon in isopropanol by phenethyl 

phenoxy analogs. (a) reactivation of 18 µM oxime (b) dose-response at 18 min. Data are mean ± SD. n = 3. 
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Figure 50. Inhibition of EeAChE by phenethyl phenoxy analogs at 9 min. ***p < 0.001 as determined by an 

unpaired, two-tailed t-test. Data are mean ± SD. n = 3. 

2.4.2 Conclusions 

This analog series showed that saturated scaffolds were more efficient at reactivating 

OPNA-inhibited AChE. Additionally, ADG2180 was identified as a superior reactivator in 

comparison to 2-PAM in vitro and has notable activity against tabun-inhibited AChE. The addition 

of ether substituents to ADG2180 had a negligible effect on enzyme reactivation. In this section, 

I also developed a series of phenalkyl and phenalkyl ether analogs, which showed that longer 

linkers are more effective at reactivating paraoxon-inhibited AChE. Furthermore, analogs with 

alkyl linkers were generally more efficient than analogs with alkyl ether linkers. Lastly, I examined 

phenethyl phenoxy analogs, which were generally poor reactivators of paraoxon-inhibited AChE. 

The poor reactivation is likely due to the size of the analogs; there is not enough space within the 

enzyme binding pocket to accommodate the phenethyl substituent. Additional studies are needed 

to determine pharmacokinetic properties of ADG2180. The analogs of ADG2180 presented in this 

section should be subjected to the multiagent screening at USAMRICD, if available in the future. 
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3.0 Concluding remarks 

This dissertation has focused on the development of new antidotes for OPNA poisoning. 

The antidotes presented are analogs of 2-PAM, the only antidote approved by the United States 

Food and Drug Administration for the treatment of OPNA poisoning. Chapter 2.1 involved the 

methyl scanning of 2-PAM. The in vitro data and molecular modeling revealed that the 4-position 

of 2-PAM was amenable to substitution. As a result, analogs featuring ethers or sulfides in the 4-

position of 2-PAM were investigated in Chapter 0. Through this study, two lead compounds were 

identified: phenyl ether ADG3003 and phenyl sulfide ADG3002. In Chapter 2.3, analogs of 

ADG3003 and ADG3002 were explored in effort to understand the SAR. This section of work 

showed that the activity of parent ether and sulfide ADG3003 and ADG3002 can be modulated 

through the addition of fluoro-, methyl-, methoxy-, isopropoxy-, phenoxy-, and naphthyl 

substituents. Substituents had variable influence on activity. Generally, aryl sulfide analogs were 

less sensitive to structural modifications. Phenalkyl, phenalkyl ether, and phenethyl phenyl ether 

analogs were developed in Chapter 2.4. This study revealed that phenethyl analog ADG2180 was 

an efficient reactivator of tabun-inhibited hAChE. Other analogs from this section were only 

moderate reactivators of paraoxon-inhibited EeAChE.  

In the future, in-depth computational and molecular modeling studies of phenyl ether 

ADG3003, phenyl sulfide ADG3002, and related analogs would provide valuable insight into the 

observed differences in reactivity. For example, electrostatic surface potential maps could explain 

how significantly the electronics of the phenyl ring is altered by the incorporation of electron 

withdrawing or donating groups (e.g., fluoro- and methoxy-, respectively). Afterward, the analogs 

could be modeled using published X-ray structures of AChE. The electrostatic surface potential 
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maps may aid in predicting the orientation of π-π stacking between the analog and the aromatic 

residues of the AChE binding gorge. Additionally, pharmacokinetic data for the analogs presented 

in this dissertation, especially for phenyl ether ADG3003 and phenyl sulfide ADG3002, should be 

collected before new analog series are designed. Although the PAMPA assay indicated that none 

of the aryl ether or sulfide analogs were permeable, it is possible that these analogs are substrates 

for influx transporters. While the throughput remains low, it may be beneficial to explore the in 

vitro BBB permeability of lead compounds in more recent and advanced models.135, 136 

Currently, ADG3002 is being evaluated in vivo. The purpose of this study is to determine 

the protective and therapeutic indices in mice exposed to paraoxon. Additionally, brain and blood 

samples are being collected and analyzed to determine the concentration of ADG3002. Substituted 

phenyl sulfide analogs presented herein may be explored as an alternative to ADG3002 if 

pharmacokinetic properties are undesirable or if ADG3002 is ineffective in vivo. As previously 

mentioned, the analogs discussed in Chapter 2.4 should be revisited if multi-agent screening 

operations at USMRICD are resumed. Because ADG2180 was only a moderate reactivator of 

paraoxon-inhibited EeAChE, testing ADG2180 in an animal model using paraoxon is nonsensical. 

However, if the opportunity for in vivo studies using nerve agents arises, phenethyl analog 

ADG2180 should be evaluated. 

There are several examples presented herein that underscores the importance of the balance 

of reactivity and binding affinity when designing antidotes for OPNA-poisoning. Based on 

experimental data, it remains unclear whether analogs that strongly inhibit AChE, o-fluorophenyl 

ether ADG3124 as just one example, reactivate the enzyme before acting as an inhibitory ligand. 

Given that there are many regions within the binding gorge or AChE, is also unclear which area(s) 

inhibitory compounds are binding to. Determining the precise binding interactions between 
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inhibitory analogs and AChE through X-ray crystallography or 2D NMR studies may provide 

answers to these intellectual curiosities, however, this information is not requisite for the 

development of future analogs and/or further investigation of the analogs presented herein.  

If a broad spectrum reactivator remain elusive, a cocktail of reactivators may be a viable 

and reasonable solution. For example, based on in vitro data discussed within this dissertation, if 

ADG3002 or ADG3003 were combined with ADG2180, it is possible that an individual would be 

protected against five of the six tested nerve agents and paraoxon. However, it is unlikely that a 

reactivator would be able to enter clinical trials if it were not capable of completely replacing 2-

PAM. Alternatively, if 2-PAM is ineffective against more modern chemical weapons (i.e., 

Novichok agents), clinical trials of other possible antidotes may be necessary to ensure protection 

against all possible threats. The use of mutant hAChE as a detoxification and bioscavenging 

strategy (as reviewed by Kovarik and Hrvat)137 is also a promising avenue.  
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Appendix A Supporting information 

Appendix A.1 Assay experimental 

General biological procedures: Ellman’s reagent (5,5’-dithiobis(2-nitrobenzoic acid)) 

(DTNB) was purchased from Acros Organics and used as received. S-acetylthiocholine iodide 

(ATCh) was purchased from Alfa Aesar and used as received. Paraoxon and acetylcholinesterase 

from Electrophorus electricus (electric eel) Type VI-S (200-1,000 units/mg protein) (EeAChE) 

were purchased from Sigma-Aldrich. Absorbance was measured at 405 nm in 3 min intervals in a 

Modulus II Microplate Multimode Reader. The time point for the absorbance measurement was 

chosen as the time at which the samples containing 600 µM 2-PAM stopped increasing in 

absorbance. The background absorbance value was defined as the average of the absorbance values 

of the samples containing inhibited AChE and no reactivator. The background absorbance was 

subtracted from all samples. The data were plotted using GraphPad Prism 9 software. Data for 

each reactivator were plotted with the data for 2-PAM as a reference. The parallel artificial 

membrane permeability assay (PAMPA) kit was purchased from BioAssays Systems (Cat. No. 

PAMPA-096). Absorbance values were collected using a Shimadzu UV-1280 UV-Vis 

spectrophotometer.  

Ellman’s assay using hAChE: A solution of 1.20 mM reactivator in 100 mM phosphate 

pH 7.4 buffer (100 µL) was added to the wells of a clear 96-well plate. 100 mM Phosphate pH 7.4 

buffer (50 µL) was added to the wells as the diluent, and two-fold serial dilutions of the reactivator 

were performed; the total volume of reactivator in the wells following the dilution was 50 µL. 1.02 

mM DTNB in 100 mM phosphate pH 7.4 buffer (19.5 µL) and 1.36 mM ATCh in 100 mM phosphate 
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pH 7.4 buffer (19.5 µL) were transferred to the wells with the reactivator solutions.  

Separately, 100 U/mL hAChE in 20 mM Tris pH 7.4 buffer (10 µL per well) was inhibited 

with 200 µM paraoxon dissolved in isopropanol (1 µL per well). An additional aliquot of 100 U/mL 

hAChE (40 µL) was mock inhibited with isopropanol (4 µL). After incubating for 10 min at 25 

°C, the inhibited enzyme solution (11 µL) was added to the wells containing the reactivator 

solution. The mock-inhibited (i.e., uninhibited) enzyme (11 µL) was added to wells containing 0 

µM reactivator. Absorbance was measured in 3 min intervals in a Modulus II Microplate 

Multimode Reader (Promega). The time point for the absorbance measurement was chosen as the 

time at which the samples containing 600 µM 2-PAM stopped increasing in absorbance. The 

background absorbance value was defined as the average of the absorbance values of the samples 

containing the inhibited hAChE and no reactivator. The background absorbance was subtracted 

from all samples. The data were plotted using GraphPad Prism 9 software. Data for each 

reactivator were plotted with the data for 2-PAM as a reference. 

Ellman’s assay using EeAChE: A solution of 1.20 mM reactivator in 2% v/v DMSO in 

100 mM phosphate pH 7.4 buffer (100 µL) was added to the wells of a clear 96-well plate. 2% v/v 

DMSO in 100 mM Phosphate pH 7.4 buffer (50 µL) was added to the wells as the diluent, and two-

fold serial dilutions of the reactivator were performed; the total volume of reactivator in the wells 

following the dilution was 50 µL. 1.02 mM DTNB in 100 mM phosphate pH 7.4 buffer (19.5 µL) 

and 1.36 mM ATCh in 100 mM phosphate pH 7.4 buffer (19.5 µL) were transferred to the wells 

with the reactivator solutions.  

Separately, 10 U/mL EeAChE in 20 mM Tris pH 7.4 buffer (10 µL per well) was inhibited 

with 0.2% v/v paraoxon dissolved in isopropanol (1 µL per well). An additional aliquot of 10 

U/mL EeAChE (40 µL) was mock inhibited with isopropanol (4 µL). After incubating for 10 min 
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at 25 °C, the inhibited enzyme solution (11 µL) was added to the wells containing the reactivator 

solution. The mock-inhibited (i.e., uninhibited) (11 µL) was added to wells containing 0 µM 

reactivator. Absorbance was measured in 3 min intervals in a Modulus II Microplate Multimode 

Reader (Promega). The time point for the absorbance measurement was chosen as the time at 

which the samples containing 600 µM 2-PAM stopped increasing in absorbance. The background 

absorbance value was defined as the average of the absorbance values of the samples containing 

the inhibited EeAChE and no reactivator. The background absorbance was subtracted from all 

samples. The data were plotted using GraphPad Prism 9 software. Data for each reactivator were 

plotted with the data for 2-PAM as a reference. 

Inhibition of hAChE by the reactivator: A solution of either 0 or 1.2 mM reactivator in 

100 mM phosphate pH 7.4 buffer (50 µL) was added to the wells. 0 or 100 U/mL hAChE in 20 mM 

Tris pH 7.4 buffer (10 µL) was added to the reactivators. The solutions were incubated at 24 °C 

for 10 min. A solution containing 500 µM DTNB and 650 µM ATCh in 100 mM pH 7.4 phosphate 

buffer (40 µL) was added to the wells, and the absorbance was measured at 405 nm in 3 min 

intervals in a Modulus II Microplate Multimode Reader. The background absorbance value was 

defined as the average of the absorbance values of the samples without hAChE or reactivator. The 

background absorbance was subtracted from all samples. The data were plotted using GraphPad 

Prism 9 software. 

Inhibition of EeAChE by the reactivator: A solution of either 0, 150 µM, or 1.2 mM 

reactivator in 100 mM phosphate pH 7.4 buffer (50 µL) was added to the wells. 0 or 10 U/mL 

EeAChE in 20 mM Tris pH 7.4 buffer (10 µL) was added to the reactivators. The solutions were 

incubated at 24 °C for 10 min. A solution containing 500 µM DTNB and 650 µM ATCh in 100 mM 

pH 7.4 phosphate buffer (40 µL) was added to the wells, and the absorbance was measured at 405 
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nm in 3 min intervals in a Modulus II Microplate Multimode Reader. The background absorbance 

value was defined as the average of the absorbance values of the samples without EeAChE or 

reactivator. The background absorbance was subtracted from all samples. The data were plotted 

using GraphPad Prism 9 software. 

Multi-agent screening assay: Dr. C. Linn Cadieux (USAMRICD) prepared the 

supplementary information regarding the multi-agent screening assay. This section has been 

copied from our collaborative manuscript. Aliquots of recombinant hAChE  at approximately 0.6 

mg/mL (Allotropic Tech, PN #AT1002) in 0.1 M phosphate buffer at pH 7.4 with BSA were 

prepared. The aliquots were incubated with inhibiting agents in at least 100-fold molar excess or 

buffer for 10 min. The excess inhibitor was removed using size exclusion columns (Princeton 

Separations, PN# CS-901) to obtain inhibited enzyme and control (uninhibited) enzyme. The 

resulting enzyme solution (~4 µg/mL, 170 µL) was transferred to 96-well plate.  

A second 96-well plate containing 0 mM, 2 mM, 0.2 mM or 0.02 mM reactivator (>170 µL) 

was prepared. To initiate reactivation, 170 µL of reactivator was simultaneously pipetted via a 

single 96-well transfer to the enzyme plate (now labeled “Reaction plate”) and mixed. At each of 

nine time points after the reactivation is started, samples from each well of the Reaction plate were 

diluted by a factor of 50 into a substrate plate with ATCh (0.8 mM) and DTNB (1.6 mM). Optical 

density at 412 nm was measured every 17 seconds for a total of 5 reads from each well. 

Data files from the spectrophotometer were analyzed and the optical density readings and 

the corresponding times of those readings were used to compute the slope of substrate turnover for 

the well. The slopes were compared to the associated row-matched control enzyme slope to 

compute a percentage of reactivation of the inhibited enzyme at the time the reactivation plate was 

sampled.  
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Table 4. Example of 96-well plate used in the multi-agent screening assay 

 cntrl inh inh inh inh inh inh inh inh inh inh buf 

[Oxime]  1 2 3 4 5 6 7 8 9 10 11 12 

Zero A Ez a1z a2z a3z a4z a5z a6z a7z a8z a9z a10z z 

High B Eh a1h a2h a3h a4h a5h a6h a7h a8h a9h a10h h 

Med C Em a1m a2m a3m a4m a5m a6m a7m a8m a9m a10m m 

Low D El a1l a2l a3l a4l a5l a6l a7l a8l a9l a10l l 

High E Eh a1h a2h a3h a4h a5h a6h a7h a8h a9h a10h h 

Med F Em a1m a2m a3m a4m a5m a6m a7m a8m a9m a10m m 

Low G El a1l a2l a3l a4l a5l a6l a7l a8l a9l a10l l 

Zero H Ez a1z a2z a3z a4z a5z a6z a7z a8z a9z a10z z 

 

The spontaneous substrate turnover was computed as the average slope of the cells with 

nothing but substrate. 

 

z = (A12 + H12) / 2 

 

The reactivator-induced substrate turnover was computed using the cells with have nothing 

but reactivator. 

 

h = (B12 + E12) / 2 – z 

m = (C12 + F12) / 2 – z 
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l = (D12 + G12) / 2 – z 

 

The control enzyme substrate turnover adjusted for both spontaneous and reactivator 

induced was computed. 

 

eh = (B1 + E1) / 2 – h 

em = (C1 + F1) / 2 – m 

el = (D1 + G1) / 2 – l 

ez = (A1 + H1) / 2 – z 

 

The inhibited enzyme substrate turnover was calculated for each inhibitor concentration 

(agent 4 used as example). 

 

a4h = (B5 + E5) / 2 – h 

a4m = (C5 + F5) / 2 – m 

a4l = (D5 + G5) / 2 – l 

a4z = (A5 + H5) / 2 – z 

 

Finally, the percent reactivation for an inhibitor was computed (agent 4 used in example) 

by dividing the inhibited sample slope by the slope of the control enzyme at the sample time.  

 

Percent reactivation (high) = 100 * ( a4h / eh ) 

Percent reactivation (med) = 100 * ( a4m / em ) 
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Percent reactivation (low) = 100 * ( a4l / el ) 

These calculations were completed for each inhibited enzyme/reactivator concentration 

combination at each time point and the resulting data was analyzed using a nonlinear regression 

analysis for each reactivator concentration to determine an observed rate of reactivation (kobs) for 

every sample. These values could be used to generate a calculated percent reactivation for every 

inhibited enzyme/reactivator combination at any specified time point of interest. 

Parallel artificial membrane permeability assay (PAMPA): A 500 µM solution of high, 

medium, and low permeability controls (Chloramphenicol, Diclofenac, and Theophylline, 

respectively) in 5% v/v DMSO in PBS (500 µL) was prepared. A solution of 500 µM test 

compound in 5% v/v DMSO in PBS (500 µL) was prepared. A 200 µM equilibrium standard was 

prepared by taking an 80 µL aliquot of the 500 µM control or test compound in 5% v/v DMSO in 

PBS solution and diluting with PBS (120 µL). A blank control was prepared by adding 5 µL 

DMSO to 245 µL PBS.  

300 µL PBS was added to the receiver wells. A 4% lecithin in dodecane solution was 

prepared by suspending dried lecithin with 750 µL dodecane. The membrane of the donor well 

was coated with 4% lecithin in dodecane (5 µL). 500 µM Test or control compound in 5% v/v 

DMSO in PBS (200 µL) was added to the donor wells. The donor plate was placed on top of the 

receiver plate and was incubated at 24 °C. After 18 h, the donor plate was removed. The absorbance 

spectrum of the equilibrium standard solution (100 µL) from 200 nm to 500 nm in 10 nm intervals 

was recorded to determine the peak absorbance (λmax). The absorbance of the receiver well solution 

(100 µL) at the λmax was recorded. The permeability rate (Pe) was calculated using Equation 1, 

where C = 7.72  10-16 (calculated following Equation 2), ODA is the absorbance of the acceptor 

solution, and ODE is the absorbance of the equilibrium standard. For Equation 2, VD is the volume 
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of the donor well (0.2 cm3) and VA is the volume of the acceptor well (0.3 cm3). Area refers to the 

area of the membrane (0.24 cm2) and time is reported in seconds.  

 

Pe = C × -ln(1 - 
ODA

ODE

) cm/s 

Equation 1 

 

C= 
VD × VA

(VD+ VA) × area × time
 cm/s 

Equation 2 
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Appendix A.2 Computational methods 

Dr. James Burnett (University of Pittsburgh) prepared supplementary information 

regarding computational methods. This section has been copied from our collaborative manuscript. 

General computational methods: All molecular modeling was performed on a Linux 

workstation (Dell T7600) equipped with a three-dimensional (3-D) monitor. Insight II (2005) 

(Dassault Systèmes BIOVIA, San Diego, CA), Discovery Studio 2018 (Dassault Systèmes 

BIOVIA, San Diego, CA), and Maestro 2016-1 (Maestro, Schrödinger, LLC, New York, NY) were 

used to build, energy refine, and inspect models, and for docking studies. The cff91 force field was 

used during all stages of model energy refinement. The HINT program (eduSoft LC, Richmond, 

VA) was used to evaluate the quality of the models via the quantitation of intermolecular contacts. 

The HINT parameter settings used during the studies: steric term = Lennard-Jones 6–12 (for cff91 

compatibility); lone pair vector focusing = 10; and distance dependence atom-atom interactions = 

exp (1/r). Figures were generated using Pymol (the PyMOL Molecular Graphics System, Version 

2.0 Schrödinger, LLC). 

Electrostatic potential surface maps: The Poisson-Boltzmann electrostatic surface map 

calculator in Maestro (Schrödinger, LLC, New York, NY) was used to generate maps for 2-PAM, 

3-Me-2-PAM, 4-Me-2-PAM, 5-Me-2-PAM, and 6-Me-2-PAM (Figure 51). The maps were 

calculated with the following parameters: all atoms in each molecule included; forcefield: OPLS3; 
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solute dielectric constant: 1.0, solvent dielectric constant: 80.0; solvent radius: 0.3 Å, temperature: 

298.0K; and surface resolution: 0.1.  

 

 

Figure 51. Electrostatic surface potential maps for 2-PAM, 3-Me-2-PAM, 4-Me-2-PAM, 5-Me-2-PAM, and 6-

Me-2-PAM. Surface potent color ranges from red, which corresponds to highest electron potential to purple, 

which corresponds to lowest electron potential. The oxime moiety possesses the highest electron surface 

potential; the pyridinium nitrogen possesses the lowest electron surface potential. Notably, unlike the other 

derivatives, the 3-Me-2-PAM oxime group adopts a twist-plane conformation (black arrow). 

 

Protein refinement: The AChE structure co-crystallized with 2-PAM (PDB entry 5HFA, 

resolution = 2.2 Å)102 was used for molecular modeling studies to provide biochemically feasible 

rationales for the assay results. As noted in Section 2.1.3, the 2-PAM in the active site of PDB 

5HFA is positioned such that, although engaging in a cation-π interaction with the Trp 86 side 

chain indole: 1) the oxime moiety points away from the covalently bound paraoxon, with the 

ligand’s oxygen atom located 8.42 Å distance from the phosphorous atom of paraoxon (Figure 
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52), and 2) methyl substitutions on the pyridinium ring of 2-PAM, as it is located in the X-ray 

structure (Figure 52b)., did not rationalize the reactivation data (Figure 21) of the methyl scan 

derivatives. Consequently, 2-PAM was removed from the X-ray structure prior to energy 

refinement. Using Insight II (2005), a conservative energy minimization strategy was performed 

on both PDB structures as follows: 1) hydrogens were added, all incorrect bond assignments were 

corrected, N and C termini were capped, and the distance-dependent dielectric was set to 1.0, 2) 

hydrogen atoms only were minimized (100 steps steepest descents followed by conjugate gradients 

until the norm of the gradient was ˂ 0.001 kcal/mol/Å2), and 3) protein side chains were relaxed 

using the same protocol (i.e., 100 steps steepest descents followed by conjugate gradients until the 

norm of the gradient was ˂ 0.001 kcal/mol/Å2). 

 

 
Figure 52. The binding mode of 2-PAM taken directly from PDB entry code 5HFA102 is not biochemically 

feasible with respect to rationalizing the reactivation of paraoxon deactivated AChE, nor does the position of 

2-PAM from the X-ray structure rationalize the observed reactivation of AChE by methyl-scan derivatives. 

5HFA is shown in pale cyan cartoon with select residues shown with green carbons. (a) In the X-ray structure 

of the 2-PAM (magenta carbons) binding mode, the oxime oxygen of the small molecule is oriented away from 

covalently bound paraoxon (yellow carbons, orange phosphorous), and is 8.4 Å (red dash) away from the 
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paraoxon phosphorous atom. This distance, and the location of the 2-PAM oxime moiety precludes a rational, 

structure-based foundation for understanding the reactivation of the enzyme by the small molecule. 

Moreover, the methyl substituted on the nitrogen atom of the pyridinium ring is located too close to the 

oxygen atom of the phenol side chain of Tyr 337 (red dash), which would result in a biochemically 

unacceptable hydrophobic-polar clash. (b) When the 2-PAM (magenta carbons) in the X-ray structure 

binding mode is substituted with a 4-methyl moiety (cyan carbon, hydrogens not shown for clarity of 

presentation), a highly unfavorable hydrophobic clash (red dash) is observed with the side chain carboxylate 

of residue Glu 202. This unfavorable binding is contrary to the biochemical data (Figure 21 and Figure 22) 

obtained for the reactivation potency of this derivative. 

 

Small molecule docking: 2-PAM and all C-methylated methyl scan analogs described in 

Section 2.1 were built using Discovery Studio 2016, and energy refined in Insight II (2005) (cff91 

forcefield, with the pyridinium nitrogen atom charge set to +1 and the oxime oxygen charge set to 

-1, distance dialectic = 1.0, and conjugate gradients minimization until the norm of the gradient < 

001 kcal/mol/Å2). 

As a starting point for subsequent comparisons with derivatives, 2-PAM was first docked 

in the AChE binding site of 5HFA using the Insight II (2005) (Dassault Systèmes BIOVIA, San 

Diego, CA) graphical user interface with 3-D visualization enabled, thereby allowing for detailed 

small molecule positional manipulation via dial box control. The covalently bound KTA (i.e., an 

acetylcholine mimetic) in PDB entry 2HA0103 was initially used to guide the binding location and 

orientation of 2-PAM in the AChE binding site (Figure 25a). Specifically, the energy refined 

structure of 5HFA and the structure of 2HA0 were superimposed in Maestro, and indicated a nearly 

identical alignment, with an RMSD = 0.482 Å (Figure 53). The protein structures were then 

imported back into Insight II (2005), and 2-PAM was superimposed on the bound substrate 

mimetic by aligning its oxygen oxime and pyridinium nitrogen with the KTA carbon atom that is 
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covalently bound to the Ser-203 side chain oxygen and the ammonium nitrogen, respectively. With 

2-PAM positioned in the binding site, the van der Waals bump was set to 0.25 Å, and translational 

and rotational adjustments, as well as torsional adjustments to protein residue side chains (within 

acceptable limits defined by rotamer libraries and empirical data) were used to eliminate 

unacceptable atom-atom overlaps and optimize non-bonded interactions. Subsequently, HINT 

program (eduSoft, La Jolla, CA) analysis, iterative rounds of additional manual adjustments 

(translational, rotational, and torsional), conjugate gradients minimizations (2-PAM and 

surrounding protein residue side chains within a 10 Å radius of the binding site), and additional 

HINT analysis were used to direct micro-environmental adjustments between enzyme side chain 

atoms and 2-PAM until an optimized, biochemically feasible binding mode, which also positioned 

the oxime oxygen 2.3 Å from the paraoxon phosphorous, was achieved. Following, methyl scan 

analogs were docked in the AChE active site using the same protocol as indicated for 2-PAM (see 

above). 
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Figure 53. Alignment of the X-ray co-crystal structures PDB entry 2HA0 (mouse AChE (light orange 

cartoon) with KTA covalently bound to Ser 203) and 5HFA (human AChE (pale cyan cartoon) with bound 2-

PAM (magenta carbons), and covalently bound paraoxon (yellow carbons)). The alignment RMSD for the 

two X-ray structures, including α-helices, sheets, and loops, is 0.482 Å. This image, as with the Figure 54 

superimpositions of AChE from different species, shows how analogous AChE structures are across different 

species. As shown in greater detail in Figure 54 residues surrounding the active sites and gores are equivalent 

for 2HA0 and 5HFA and are shown with grey and green carbons in 2HA0 and 5HFA, respectively. 
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Figure 54. Superimpositions of the highest available resolution apo-state X-ray structures of AChE from 

phylum Chordata species indicate negligible differences in secondary structures, and residue conservation in 

the active site and gorge - across species. a) the superimposition RMSD of hAChE (PDB entry 4EY4138; 

resolution: 2.156 Å; light cyan cartoon) and EeAChE (PDB entry: 1C2O139; resolution: 4.2 Å; wheat cartoon) 

is 0.642 Å. The red dashed circle indicates the location of catalytic Ser 203 in both species (human sequence 

number). b) superimpose of all X-ray structures of available species from phylum Chordata. Human and eel 

structure descriptions are the same as indicated in panel a. Mouse (mAChE) is PDB entry 5DTI140 

(resolution: 2.0 Å; light orange cartoon) and Torpedo californica AChE (TcAChE) is PDB entry 1EA5141 

(resolution: 1.8 Å; light yellow cartoon). RMSD values for each non-human species X-ray structure versus the 

human X-ray structure: 1) human – eel: 0.642 Å, 2) human – Torpedo: 1.002 Å, and 3) human – mouse: 0.743 
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Å. The red dashed circle indicates the location of catalytic Ser-203 in all species (human residue sequence 

number). c) close-up view of the AChE active sites and gorges from the superimposition of human PDB entry 

4EY4 and eel PDB entry 1C2O shown in panel a. Residue side chain carbons are colored green and gray for 

the human and eel X-ray structures, respectively. The purple cartoon segments in both structures indicate 

conserved interspecies Gly residues. The image clearly shows both complete residue conservation and 

identical side chain orientations. d) close up view of the AChE active sites and gorges from the 

superimposition of human PDB entry 4EY4, eel PDB entry 1C2O, mouse PDB entry 5DTI, and Torpedo PDB 

entry 1EA5 shown in panel b. Residue side chain carbons are colored green, gray, orange, and yellow for 

human, eel, mouse, and Torpedo X-ray structures, respectively. The purple cartoon segments in all structures 

indicate conserved interspecies Gly residues. As in panel c, the image clearly shows both complete residue and 

side chain orientation conservation for the human, eel, and mouse X-ray structures. Comparison with the 

Torpedo X-ray structure also indicates near complete residue and side chain orientation conservation, with 

two exceptions: 1) Tyr 341 (human sequence number) is slightly skewed versus the other three species, and 2) 

Y337 (human sequence number) is replaced with a Phe residue in TcAChE. 

 

To further elaborate on the HINT (for “Hydropathic INTeractions”) program (eduSoft, La 

Jolla, CA), the software scores a summation of the hydropathic interactions between two 

interacting species during a binding event.142-144 In this study, HINT was used to score all 

intermolecular atom-atom interactions between AChE and either 2-PAM or its methyl scan 

derivatives. The hydropathic interactions that are scored by the program fall into six categories. 

Favorable atom-atom contact categories include hydrogen bonds, acid-base, and hydrophobic 

interactions; unfavorable atom-atom contact categories include acid-acid, base-base, and 

hydrophobic-polar interactions. In the HINT program, each atom potential type possesses a 

corresponding hydrophobic atom constant ai that is derived from the LogP partition coefficient 

constants calculated by Hansch and Leo.145 Hence, the derived atom constants implicitly 

incorporate an estimate of entropy, which is ignored in molecular mechanics models. The 
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hydropathic interaction value for an atom pair bij is calculated as a function of the hydrophobic 

constants for each atom, the distance between the atoms, and the solvent accessible surface areas 

(SASA) of the two atoms. 

bij = siaisjajRij 

The distance function, Rij = e-r, has been reported to give a good fit to published Leo polar 

proximity factors.138, 139 The SASA for atoms, si, is taken from literature values146 for proteins. The 

interaction values, bij, for each interacting atom pair are summed to provide a ‘total ‘HINT 

interaction score’ for two molecular species during a binding event. The higher and more positive 

a total HINT interaction score, the more favorable the binding between two species is predicted to 

be. 

 

Table 5. Final quantitative HINT scores for active compounds 4-Me-2-PAM, 6-Me-2-PAM and 2-PAM 

Compound 

Total 

Hint Score* 

Hydrogen 

Bond* 

Acid/Base* Hydrophobic* Acid/Acid** Base/Base** 

Hydrophobic 

/Polar** 

2-PAM 152.0 21.6 422.2 207.6 79.2 74.7 345.5 

4-Me-2-

PAM 

143.1 21.9 414.2 268.5 55.7 86.4 419.4 

6-Me-2-

PAM 

197.2 22.0 479.4 291.3 54.2 76.1 365.2 

 

*: Favorable interaction 

**: Unfavorable interaction 
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Appendix A.3 Chemistry experimental 

General synthetic techniques: All reactions were carried out with solvents and reagents 

obtained from commercial sources and were used without further purification unless noted. 

Moisture-sensitive reactions were performed under an inert atmosphere using a nitrogen line with 

standard Schlenk techniques unless otherwise stated. Unless specifically stated, the temperature of 

a water bath during the evaporation of organic solvents using a rotary evaporator was 40 ± 5 °C. 

All syringes in this study were dried in an oven at 80 °C and stored in a desiccator over Drierite©. 

All reactions were monitored by thin-layer chromatography (TLC) carried out on 0.25-mm Merck 

silica gel plates (60F-254) using UV light (254 nm) for visualization or with 2.4% 

phosphomolybdic acid, 1.4% phosphoric acid, and 5% sulfuric acid in water with heat as a 

developing agent. 

Solvents used for NMR spectroscopy were purchased from Cambridge Isotope 

Laboratories. CDCl3 was stored over anhydrous K2CO3. NMR spectra were recorded on a Bruker 

Advance spectrometer at 300 megahertz (MHz), 400 MHz, or 500 MHz. The chemical shifts are 

given in parts per million (ppm) on a delta (𝛿) scale. The solvent peak was used as a reference 

value, for 1H NMR: CDCl3 = 7.27 ppm, DMSO-d6 = 2.50 ppm, CD3OD = 3.31 ppm, acetonde-d6 

= 2.05; for 13C NMR: CDCl3 = 77.00 ppm, DMSO-d6 = 39.50 ppm, CD3OD = 49.00 ppm, 

acetonde-d6 = 29.84. The following abbreviations are used to indicate the multiplicities: s = singlet; 

d = doublet; t = triplet; q = quartet; dd = doublet of doublets; dt = doublet of triplets; td = triplet of 

doublets; quint = quintet; sext = sextet; sept = septet; app = apparent; m = multiplet; br = broad. 

Melting points were obtained using a DigiMelt MPA160. Infrared (IR) spectra were collected 

using a Nicolet IR200 FT-IR spectrometer or a Perkin Elmer FT-IR Spectrum Two. Samples for 

acquiring IR spectra were neat or prepared as a thin film on KBr plate by dissolving the compound 
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in CH2Cl2 and then evaporating the CH2Cl2. High-resolution mass spectra were recorded on a VG 

7070 spectrometer or Thermo Scientific Q Exactive Orbitrap. Ultraviolet-visible (UV-Vis) spectra 

were collected using a Shimadzu UV-1280 or HP 8453 UV-Visible spectroscopy system.  

 

 

Preparation of 2,3-dimethylpyridine 1-oxide: 2,3-Dimethylpyridine 1-oxide was 

synthesized following the literature procedure.99 A 500-mL pear-shaped flask was charged with 

2,3-lutidine (10.7 mL, 100 mmol) at 23 °C under an open atmosphere. Aqueous 0.6 M K2CO3 (50 

mL), t-BuOH (50 mL), MeCN (8.00 mL, 150 mmol), 30% aqueous H2O2 (60.0 mL, 500 mmol), 

and 2,2,2-trifluoroacetophenone (1.4 mL, 10 mmol) were added sequentially in one portion, and 

the reaction mixture continued to stir at 23 °C under an open atmosphere for 24 h. After this period, 

H2O (50 mL) was added, and the resulting reaction mixture was allowed to stir for 6 h at 23 °C 

under an open atmosphere. The reaction mixture was extracted with CH2Cl2 (4  50 mL) using a 

separatory funnel. The combined organic layers were dried over anhydrous Na2SO4, filtered, and 

concentrated in vacuo. The crude residue was purified by flash chromatography (60 to 100% 

EtOAc in hexanes) on silica gel (250 mL) to afford 2,3-dimethylpyridine 1-oxide as a white solid 

(8.56 g, 70% yield). 

2,3-Dimethylpyridine 1-oxide: 1H NMR (300 MHz, 293 K, CDCl3): 𝛿 8.16 (br d, J = 6.0 

Hz, 1H, 6-H), 7.06–6.99 (m, 2H, 4-H and 5-H), 2.51 (s, 3H, -CH3), 2.34 (s, 3H, -CH3). The 1H 

NMR spectrum for 2,3-dimethylpyridine 1-oxide was consistent with that in the literature.147  
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Preparation of (3-methylpyridin-2-yl)methanol: A 250-mL round-bottom flask with 2,3-

dimethylpyridine 1-oxide (4.36 g, 35.4 mmol) was evacuated and refilled with nitrogen gas three 

times and charged with CH2Cl2 (60 mL) at 23 °C. TFAA (15.0 mL, 106 mmol) in CH2Cl2 (35 mL) 

was added, and the resulting reaction mixture was stirred at 23 °C for 40 h. After this period, the 

reaction mixture was cooled to 0 °C. Then, t-BuOH (22 mL) and saturated aqueous K2CO3 (22 

mL) were added to the reaction mixture. The resulting mixture was stirred for 3 h and gradually 

warmed to 23 °C. The mixture was extracted with CH2Cl2 (3  70 mL) using a separatory funnel. 

The combined organic layers were dried over anhydrous Na2SO4, filtered, and concentrated in 

vacuo. The resulting crude residue was purified by flash chromatography (50 to 80% EtOAc in 

hexanes) on silica gel (100 mL) to afford (3-methylpyridin-2-yl)methanol as a dark brown oil (4.18 

g, 96% yield). 

(3-Methylpyridin-2-yl)methanol: Rf = 0.36 (100% EtOAc); IR (neat): vmax = 3393, 3065, 

2983, 1737, 1589, 1452, 1408, 1374, 1243, 1177, 1126, 1055 cm-1; 1H NMR (300 MHz, 293 K, 

1% w/w CD3OD in CDCl3): 𝛿 8.40 (d, J = 5.0 Hz, 1H, 6-H), 7.46 (d, J = 7.5 Hz, 1H, 4-H), 7.14 

(dd, J = 7.5, 5.0 Hz, 1H, 5-H), 4.68 (s, 2H, -CH2OH), 2.21 (s, 3H, -CH3); 
13C NMR (100 MHz, 

293 K, CDCl3): 𝛿 156.0, 145.1, 137.5, 129.5, 122.1, 61.5, 16.4; HRMS (ESI+) calcd for C7H10NO 

[M + H]+ = 124.0757, found 124.0776. 
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Preparation of 3-methylpicolinaldehyde: A 250-mL pear-shaped flask with a reflux 

condenser was evacuated and refilled with nitrogen gas three times, and (3-methylpyridin-2-

yl)methanol (3.25 g, 26.1 mmol), DCE (113 mL), and MnO2 (11.38 g, 130.9 mmol) were added 

consecutively. The mixture was heated to reflux. After 9 h, the reaction mixture was cooled to 23 

°C, filtered through Celite, washed with EtOAc, and concentrated in vacuo. The crude residue 

was purified by flash chromatography (40 to 70% EtOAc in hexanes) on silica gel (100 mL) to 

afford 3-methylpicolinaldehyde as a yellow oil (1.87 g, 59% yield). 

3-Methylpicolinaldehyde: Rf = 0.67 (60% EtOAc in hexanes); IR (neat): vmax = 3385, 3058, 

2931, 2826, 1705, 1585, 1569, 1461, 1411, 1383, 1300, 1225, 1205, 1191, 1124, 1078 cm-1; 1H 

NMR (300 MHz, 293 K, CDCl3): 𝛿 10.18 (s, 1H, -CHO), 8.64 (d, J = 4.5 Hz, 1H, 6-H), 7.61 (d, J 

= 7.8 Hz, 1H, 4-H), 7.37 (dd, J = 7.6, 4.8 Hz, 1H, 5-H), 2.65 (s, 3H, -CH3); 
13C NMR (100 MHz, 

293 K, CDCl3): 𝛿 195.6, 150.2, 147.7, 140.1, 135.9, 126.7, 19.1; HRMS (ESI+) calcd for C7H9N2O 

[M + H]+ = 122.0600, found 122.0628. All spectroscopic data for 3-methylpicolinaldehyde were 

consistent with those in the literature.148  

 

 

Preparation of (E)-3-methylpicolinaldehyde oxime: A 250-mL pear-shaped flask open to 

air was charged with 3-methylpicolinaldehyde (1.15 g, 9.53 mmol), MeOH (96 mL), H2O (15 mL), 

K2CO3 (1.58 g, 11.4 mmol), and NH2OH•HCl (662 mg, 9.53 mmol). A reflux condenser was 

attached, and after the reaction mixture was heated to reflux for 4 h, the reaction mixture was 

cooled to 23 °C. The organic solvent was removed in vacuo, and the resulting aqueous layer was 

extracted with EtOAc (3  25 mL) using a separatory funnel. The combined organic layers were 
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dried over anhydrous Na2SO4, filtered, and concentrated in vacuo to afford (E)-3-

methylpicolinaldehyde oxime as a light pink solid (677 mg, 53% yield). This material was used 

directly without further purification.  

(E)-3-Methylpicolinaldehyde oxime: m.p. = 155–157 °C; Rf = 0.42 (60% EtOAc in 

hexanes); IR (film): vmax = 3423, 1642 cm-1; 1H NMR (400 MHz, 293 K, DMSO-d6): 𝛿 11.61 (s, 

1H, -CH=NOH), 8.46 (d, J = 4.8 Hz, 1H, 6-H), 8.24 (s, 1H, -CH=NOH), 7.69 (d, J = 7.6 Hz, 1H, 

4-H), 7.29 (dd, J = 7.6, 4.8 Hz, 1H, 5-H), 2.49 (s, 3H, -CH3); 
13C NMR (100 MHz, 293 K, DMSO-

d6): 𝛿 151.1, 150.1, 147.3, 139.4, 132.7, 123.5, 20.6; HRMS (ESI+) calcd for C7H9N2O [M + H]+ 

= 137.0709, found 137.0709. 

 

 

Preparation of (E)-2-((hydroxyimino)methyl)-1,3-dimethylpyridin-1-ium iodide (3-Me-2-

PAM): A 35-mL sealed tube with (E)-3-methylpicolinaldehyde oxime (401 mg, 2.94 mmol) was 

charged with acetone (6 mL), and MeI (1.82 mL, 29.4 mmol). The vessel was sealed and heated 

to 45 °C (external temperature). After 15 h at the same temperature, the reaction mixture was 

cooled to 23 °C. A small amount of charcoal was added and the mixture was stirred for 2 h at 23 

°C. The mixture was filtered by gravity through filter paper, and the remaining residue was rinsed 

with MeOH. The filtrate was concentrated in vacuo to yield (E)-2-[(hydroxyimino)methyl]-1,3-

dimethylpyridin-1-ium iodide as a light brown solid (332 mg, 42% yield).  

(E)-2-((Hydroxyimino)methyl)-1,3-dimethylpyridin-1-ium iodide: m.p. = 192–193 °C; Rf = 

0.18 (4:1:1 n-BuOH:H2O:AcOH); IR (film): vmax = 3444, 1636 cm-1; 1H NMR (400 MHz, 293 K, 

DMSO-d6): 𝛿 12.90 (s, 1H, -CH=NOH), 8.97 (d, J = 6.2 Hz, 1H, 6-H), 8.58 (s, 1H, -CH=NOH), 
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8.54 (d, J = 8.0 Hz, 1H, 4-H), 8.04 (dd, J = 8.0, 6.2 Hz, 1H, 5-H), 4.33 (s, 3H, -N+CH3), 2.57 (s, 

3H, -CH3); 
13C NMR (100 MHz, 293 K, DMSO-d6): 𝛿 147.6, 145.8, 142.4, 138.9, 126.8, 47.8, 

20.2; HRMS (ESI+) calcd for C8H11N2O [M]+ = 151.0866, found 151.0864. 

 

 

Preparation of 2,4-dimethylpyridine 1-oxide: 2,4-Dimethylpyridine 1-oxide was 

synthesized following a literature procedure.99 A 500-mL pear-shaped flask was charged with 2,4-

lutidine (4.8 mL, 45 mmol) at 23 °C under an open atmosphere. Aqueous 0.6 M K2CO3 (22 mL), 

t-BuOH (22 mL), MeCN (3.5 mL, 67 mmol), 30% aqueous H2O2 (27.0 mL, 135 mmol), and 2,2,2-

trifluoroacetophenone (620 L, 4.48 mmol) were added sequentially in one portion, and the 

reaction mixture continued to stir at 23 °C under an open atmosphere for 27 h. After this period, 

H2O (25 mL) was added, and the resulting reaction mixture was allowed to stir for 2 h at 23 °C 

under an open atmosphere. The reaction mixture was extracted with CH2Cl2 (4  30 mL) using a 

separatory funnel. The combined organic layers were dried over anhydrous Na2SO4, filtered, and 

concentrated in vacuo. The crude residue was purified by flash chromatography (60 to 100% 

EtOAc in hexanes) on silica gel (110 mL) to afford 2,4-dimethylpyridine 1-oxide as a yellow oil 

(3.56 g, 65% yield).  

2,4-Dimethylpyridine 1-oxide: 1H NMR (300 MHz, 293 K, CDCl3): 𝛿 8.05 (d, J = 6.6 Hz, 

1H, 6-H), 6.97 (s, 1H, 3-H), 6.85 (d, J = 6.6 Hz, 1H, 5-H), 2.38 (s, 3 H, -CH3), 2.21 (s, 3H, -CH3). 

The spectroscopic data for 2,4-dimethylpyridine 1-oxide was consistent with those in the 

literature.99  
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Preparation of (4-methylpyridin-2-yl)methanol: A 250-mL pear-shaped flask with 2,4-

dimethylpyridine 1-oxide (1.98 g, 16.1 mmol) was evacuated and refilled with nitrogen gas three 

times and charged with CH2Cl2 (25 mL) at 23 °C. TFAA (6.8 mL, 48 mmol) in CH2Cl2 (18 mL) 

was added, and the resulting reaction mixture was stirred at 23 °C for 48 h. After this period, the 

reaction mixture was cooled to 0 °C. Then, t-BuOH (10 mL) and saturated aqueous K2CO3 (10 

mL) were added to the reaction mixture. The resulting mixture was stirred for 20 h and gradually 

warmed to 23 °C. The mixture was extracted with CH2Cl2 (3  20 mL) using a separatory funnel. 

The combined organic layers were dried over anhydrous Na2SO4, filtered, and concentrated in 

vacuo. The resulting crude residue was purified by flash chromatography (50 to 95% EtOAc in 

hexanes) on silica gel (60 mL) to afford (4-methylpyridin-2-yl)methanol as a dark brown oil (1.16 

g, 51% yield). 

(4-Methylpyridin-2-yl)methanol: Rf = 0.27 (100% EtOAc); IR (neat): vmax = 3210, 2923, 

1605, 1564, 1448, 1380, 1358, 1266, 1114, 1087, 1004 cm-1; 1H NMR (400 MHz, 293 K, 1% w/w 

CD3OD in CDCl3): 𝛿 8.35 (d, J = 4.8 Hz, 1H, 6-H), 7.11 (s, 1H, 3-H), 7.00 (d, J = 4.8 Hz, 1H, 5-

H), 4.70 (s, 2H, -CH2OH), 2.34 (s, 3H, -CH3); 
13C NMR (100 MHz, 293 K, CDCl3): 𝛿 159.4, 

159.4, 148.3, 123.5, 121.7, 64.3, 21.1; HRMS (ESI+) calcd for C7H10NO [M + H]+ = 124.0757, 

found 124.0772. The 1H and 13C NMR spectra for (4-methylpyridin-2-yl)methanol were consistent 

with those in the literature.111  
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Preparation of 4-methylpicolinaldehyde: A 50-mL pear-shaped flask with a reflux 

condenser was evacuated and refilled with nitrogen gas three times, and (4-methylpyridin-2-

yl)methanol (780 mg, 6.28 mmol), DCE (27 mL), and MnO2 (2.73 g, 31.4 mmol) were added 

consecutively. The mixture was heated to reflux. After 13 h, the reaction mixture was cooled to 23 

°C, filtered through Celite, washed with EtOAc, and concentrated in vacuo. The crude residue 

was purified by flash  chromatography (40 to 70% EtOAc in hexanes) on silica gel (50 mL) to 

afford 4-methylpicolinaldehyde as a yellow oil (462 mg, 60% yield). 

4-Methylpicolinaldehyde: Rf = 0.57 (60% EtOAc in hexanes); IR (neat): vmax = 3398, 3054, 

2926, 2827, 1710, 1603, 1476, 1448, 1381, 1366, 1265, 1246, 1138, 1103, 1088, 1041 cm-1; 1H 

NMR (300 MHz, 293 K, CDCl3): 𝛿 = 10.06 (s, 1H, CHO), 8.63 (d, J = 5.0 Hz, 1H, 6-H), 7.78 (s, 

1H, 3-H), 7.33 (dd, J = 7.6, 5.0 Hz, 1H, 5-H), 2.44 (s, 3H, -CH3); 
13C (100 MHz, 293 K, CDCl3): 

𝛿 = 193.7, 152.7, 149.9, 148.5, 128.7, 122.5, 21.0; HRMS (ESI+) calcd for C7H9ON2 [M + H]+ = 

122.0600, found 122.0629.  

 

 

Preparation of (E)-4-methylpicolinaldehyde oxime: A 50-mL pear-shaped flask open to air 

was charged with 4-methylpicolinaldehyde (312 mg, 2.57 mmol), MeOH (26 mL), H2O (4 mL), 

K2CO3 (427 mg, 3.08 mmol), and NH2OH•HCl (179 mg, 2.57 mmol). A reflux condenser was 

attached, and after the reaction mixture was heated to reflux for 4 h, the reaction mixture was 

cooled to 23 °C. The organic solvent was removed in vacuo, and the resulting aqueous layer was 

extracted with EtOAc (3  30 mL) using a separatory funnel. The combined organic layers were 

dried over anhydrous Na2SO4, filtered, and concentrated in vacuo to afford (E)-4-
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methylpicolinaldehyde oxime as a light brown solid (303 mg, 86% yield). This material was used 

directly without further purification.  

(E)-4-Methylpicolinaldehyde oxime: m.p. = 155–158 °C; Rf = 0.42 (60% EtOAc in 

hexanes); IR (film): vmax = 3426, 2101, 1631 cm-1; 1H NMR (400 MHz, 293 K, DMSO-d6): 𝛿 11.62 

(s, 1H, -CH=NOH), 8.44 (d, J = 4.6 Hz, 1H, 6-H), 8.05 (s, 1H, -CH=NOH), 7.63 (s, 1H, 3-H), 7.22 

(d, J = 4.6 Hz, 1H, 5-H), 2.36 (s, 3H, -CH3); 
13C NMR (100 MHz, 293 K, DMSO-d6): 𝛿 152.2, 

149.4, 149.2, 147.7, 125.1, 120.6, 20.8; HRMS (ESI+) calcd for C7H9N2O [M + H]+ = 137.0709, 

found 137.0709. 

 

 

Preparation of (E)-2-((hydroxyimino)methyl)-1,4-dimethylpyridin-1-ium iodide (4-Me-2-

PAM): A 35-mL sealed tube with (E)-4-methylpicolinaldehyde oxime (202 mg, 1.48 mmol) was 

charged with acetone (3 mL), and MeI (978 L, 14.8 mmol). The vessel was sealed and heated to 

45 °C (external temperature). After 20 h at the same temperature, the reaction mixture was cooled 

to 23 °C. A small amount of charcoal was added and the mixture was stirred for 4 h at 23 °C. The 

mixture was filtered by gravity through filter paper, and the remaining residue was rinsed with 

MeOH. The filtrate was concentrated in vacuo to yield (E)-2-[(hydroxyimino)methyl]-1,4-

dimethylpyridin-1-ium iodide as a light brown solid (295 mg, 72% yield).  

(E)-2-((Hydroxyimino)methyl)-1,4-dimethylpyridin-1-ium iodide: m.p. = 201–203 °C; Rf = 

0.18 (4:1:1 n-BuOH:H2O:AcOH); IR (film): vmax = 3444, 2101, 1640 cm-1; 1H NMR (400 MHz, 

293 K, DMSO-d6): 𝛿 13.04 (s, 1H, -CH=NOH), 8.82 (d, J = 6.4 Hz, 1H, 6-H), 8.64 (s, 1H, -

CH=NOH), 8.21 (s, 1H, 3-H), 7.91 (d, J = 6.4 Hz, 1H, 5-H), 4.30 (s, 3H, -N+CH3), 2.62 (s, 3H, -
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CH3); 
13C NMR (100 MHz, 293 K, DMSO-d6): 𝛿 158.4, 147.8, 146.0, 142.1, 128.1, 125.4, 45.9, 

21.7; HRMS (ESI+) calcd for C8H11N2O [M]+ = 151.0866, found 151.0861. 

 

 

Preparation of 2,5-dimethylpyridine 1-oxide: 2,5-Dimethylpyridine 1-oxide was 

synthesized following a literature procedure.99 A 500-mL pear-shaped flask was charged with 2,5-

lutidine (10.7 mL, 100 mmol) at 23 °C under an open atmosphere. Aqueous 0.6 M K2CO3 (50 mL), 

t-BuOH (50 mL), MeCN (8.00 mL, 150 mmol, 1.5 equiv), 30% aqueous H2O2 (60.0 mL, 500 

mmol), and 2,2,2-trifluoroacetophenone (1.4 mL, 10 mmol) were added sequentially in one 

portion, and the reaction mixture continued to stir at 23 °C under an open atmosphere for 24 h. 

After this period, H2O (50 mL) was added, and the resulting reaction mixture was allowed to stir 

for 6 h at 23 °C under an open atmosphere. The reaction mixture was extracted with CH2Cl2 (4  

50 mL) using a separatory funnel. The combined organic layers were dried over anhydrous 

Na2SO4, filtered, and concentrated in vacuo. The crude residue was purified by flash 

chromatography (60 to 100% EtOAc in hexanes) on silica gel (250 mL) to afford 2,5-

dimethylpyridine 1-oxide as a white solid (8.47 g, 69% yield).  

2,5-Dimethylpyridine 1-oxide: 1H NMR (300 MHz, 293 K, CDCl3): 𝛿 = 8.09 (s, 1H, 6-H), 

7.09 (d, J = 8.1 Hz, 1H, 4-H), 6.97 (d, J = 8.1 Hz, 1H, 3-H), 2.43 (s, 3 H, -CH3), 2.23 (s, 3H, -

CH3). The 1H NMR spectra for 2,5-dimethylpyridine 1-oxide was consistent with those in the 

literature.147  
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Preparation of (5-methylpyridin-2-yl)methanol: A 250-mL round-bottom flask with 2,5-

dimethylpyridine 1-oxide (5.01 g, 40.6 mmol) was evacuated and refilled with nitrogen gas three 

times and charged with CH2Cl2 (75 mL) at 23 °C. TFAA (17.2 mL, 122 mmol) in CH2Cl2 (35 mL) 

was added, and the resulting reaction mixture was stirred at 23 °C for 48 h. After this period, the 

reaction mixture was cooled to 0 °C. Then, t-BuOH (25 mL) and saturated aqueous K2CO3 (25 

mL) were added to the reaction mixture. The resulting mixture was stirred for 6 h and gradually 

warmed to 23 °C. The mixture was extracted with CH2Cl2 (3  40 mL) using a separatory funnel. 

The combined organic layers were dried over anhydrous Na2SO4, filtered, and concentrated in 

vacuo. The resulting crude residue was purified by flash chromatography (50 to 80% EtOAc in 

hexanes) on silica gel (80 mL) to afford (5-methylpyridin-2-yl)methanol as a dark brown oil (2.60 

g, 52% yield).  

(5-Methylpyridin-2-yl)methanol: Rf = 0.27 (100% EtOAc); IR (neat): vmax = 3216, 2923, 

1681, 1605, 1574, 1491, 1451, 1383, 1200, 1133, 1068 cm-1; 1H NMR (400 MHz, 293 K, 1% w/w 

CD3OD in CDCl3): 𝛿 = 8.37 (s, 1H, 6-H), 7.49 (d, J = 8.0 Hz, 1H, 4-H), 7.17 (d, J = 8.0 Hz, 1H, 

3-H), 4.72 (s, 2 H, -CH2OH), 2.33 (s, 3H, -CH3); 
13C (100 MHz, 293 K, CDCl3): 𝛿 = 159.2, 148.3, 

148.2, 123.5, 121,5, 64.3, 21.2; HRMS (ESI+) calcd for C7H10ON [M + H]+ = 124.0757, found 

124.0772. 
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Preparation of 5-methylpicolinaldehyde: A 100-mL pear-shaped flask with a reflux 

condenser was evacuated and refilled with nitrogen gas three times, and (5-methylpyridin-2-

yl)methanol (1.54 g, 12.4 mmol), DCE (54 mL), and MnO2 (5.39 g, 62.1 mmol) were added 

consecutively. The mixture was heated to reflux. After 8 h, the reaction mixture was cooled to 23 

°C, filtered through Celite, washed with EtOAc, and concentrated in vacuo. The crude residue 

was purified by flash chromatography (40 to 70% EtOAc in hexanes) on silica gel (60 mL) to 

afford 5-methylpicolinaldehyde as a yellow oil (1.15 g, 77% yield). 

5-Methylpicolinaldehyde: Rf = 0.65 (60% EtOAc in hexanes); IR (neat): vmax = 3398, 3061, 

2803, 2709, 2499, 1736, 1587, 1371, 1241, 1045 cm-1; 1H NMR (300 MHz, 293 K, CDCl3): 𝛿 

10.04 (s, 1H, -CHO), 8.61 (s, 1H, 6-H), 7.87 (d, J = 7.6 Hz, 1H, 4-H), 7.70 (d, J = 7.6 Hz, 1H, 3-

H), 2.44 (s, 3H, -CH3); 
13C NMR (100 MHz, 293 K, CDCl3): 𝛿 193.6, 151.2, 139.1, 137.7, 121.4, 

19.2; HRMS (ESI+) calcd for C7H9N2O [M + H]+ = 122.0600, found 122.0629. 

 

 

Preparation of (E)-5-methylpicolinaldehyde oxime: A 250-mL pear-shaped flask open to 

air was charged with 5-methylpicolinaldehyde (756 mg, 6.24 mmol), MeOH (63 mL), H2O (10 

mL), K2CO3 (1.03 g, 7.49 mmol), and NH2OH•HCl (433 mg, 6.24 mmol). A reflux condenser was 

attached, and after the reaction mixture was heated to reflux for 4 h, the reaction mixture was 

cooled to 23 °C. The organic solvent was removed in vacuo, and the resulting aqueous layer was 

extracted with EtOAc (3  25 mL) using a separatory funnel. The combined organic layers were 

dried over anhydrous Na2SO4, filtered, and concentrated in vacuo to afford (E)-5-
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methylpicolinaldehyde oxime as a white solid (474 mg, 56% yield). This material was used 

directly without further purification.  

(E)-5-Methylpicolinaldehyde oxime: m.p. = 157–158 °C; Rf = 0.45 (60% EtOAc in 

hexanes); IR (film): vmax = 3436, 2077, 1635 cm-1; 1H NMR (400 MHz, 293 K, DMSO-d6): 𝛿 11.55 

(s, 1H, -CH=NOH), 8.43 (s, 1H, 6-H), 8.05 (s, 1H, -CH=NOH), 7.71 (d, J = 8.2 Hz, 1H, 4-H), 7.65 

(d, J = 8.2 Hz, 1H, 3-H), 2.33 (s, 3H, -CH3); 
13C NMR (100 MHz, 293 K, DMSO-d6): 𝛿 150.0, 

149.9, 149.3, 137.6, 133.9, 119.7, 18.3; HRMS (ESI+) calcd for C7H9N2O [M + H]+ = 137.0709, 

found 137.0709. 

 

 

Preparation of (E)-2-((hydroxyimino)methyl)-1,5-dimethylpyridin-1-ium iodide (5-Me-2-

PAM): A 35-mL sealed tube with (E)-5-methylpicolinaldehyde oxime (197 mg, 1.45 mmol) was 

charged with acetone (3 mL), and MeI (897 L, 14.5 mmol). The vessel was sealed and heated to 

45 °C (external temperature). After 15 h at the same temperature, the reaction mixture was cooled 

to 23 °C. A small amount of charcoal was added and the mixture was stirred for 5 h at 23 °C. The 

mixture was filtered by gravity through filter paper, and the remaining residue was rinsed with 

MeOH. The filtrate was concentrated in vacuo to yield (E)-2-[(hydroxyimino)methyl]-1,5-

dimethylpyridin-1-ium iodide as a light brown solid (310 mg, 77% yield).  

(E)-2-((Hydroxyimino)methyl)-1,5-dimethylpyridin-1-ium iodide: m.p. = 140–142 °C; Rf = 

0.18 (4:1:1 n-BuOH:H2O:AcOH); IR (film): vmax = 3432, 1634 cm-1; 1H NMR (400 MHz, 293 K, 

DMSO-d6): 𝛿 13.01 (s, 1H, -CH=NOH), 8.93 (s, 1H, 6-H), 8.67 (s, 1H, -CH=NOH), 8.39 (d, J = 

8.4 Hz, 1H, 4-H), 8.29 (d, J = 8.4 Hz, 1H, 3-H), 4.34 (s, 3H, -N+CH3), 2.49 (s, 3H, -CH3); 
13C 
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NMR (100 MHz, 293 K, DMSO-d6): 𝛿 146.4, 145.8, 145.3, 142.0, 138.4, 124.8, 46.5, 18.2; HRMS 

(ESI+) calcd for C8H11N2O [M]+ = 151.0866, found 151.0863. 

 

 

Preparation of 2,6-dimethylpyridine 1-oxide: 2,6-Dimethylpyridine 1-oxide was 

synthesized following a literature procedure.99 A 500-mL pear-shaped flask was charged with 2,6-

lutidine (10.7 mL, 100 mmol) at 23 °C under an open atmosphere. Aqueous 0.6 M K2CO3 (50 mL), 

t-BuOH (50 mL), MeCN (8.00 mL, 150 mmol), 30% aqueous H2O2 (60.0 mL, 500 mmol), and 

2,2,2-trifluoroacetophenone (1.4 mL, 10 mmol) were added sequentially in one portion, and the 

reaction mixture continued to stir at 23 °C under an open atmosphere for 28 h. After this period, 

H2O (50 mL) was added, and the resulting reaction mixture was allowed to stir for 14 h at 23 °C 

under an open atmosphere. The reaction mixture was extracted with CH2Cl2 (4  50 mL) using a 

separatory funnel. The combined organic layers were dried over anhydrous Na2SO4, filtered, and 

concentrated in vacuo. The crude residue was purified by flash chromatography (60 to 100% 

EtOAc in hexanes) on silica gel (200 mL) to afford 2,6-dimethylpyridine 1-oxide as a white solid 

(6.66 g, 54% yield). 

2,6-Dimethylpyridine 1-oxide: 1H NMR (300 MHz, 293 K, CDCl3): 𝛿 7.15 (d, J = 7.8 Hz, 

2H, 3-H and 5-H), 7.10–7.06 (m, 1H, 4-H), 2.54 (s, 6 H, 2  -CH3). The spectroscopic data for 2,6-

dimethylpyridine 1-oxide were consistent with the literature.147  
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Preparation of (6-methylpyridin-2-yl)methanol: A 250-mL pear-shaped flask with 2,6-

dimethylpyridine 1-oxide (2.37 g, 19.3 mmol) was evacuated and refilled with nitrogen gas three 

times and charged with CH2Cl2 (25 mL) at 23 °C. TFAA (8.14 mL, 57.8 mmol) in CH2Cl2 (27 mL) 

was added, and the resulting reaction mixture was stirred at 23 °C for 42 h. After this period, the 

reaction mixture was cooled to 0 °C. Then, t-BuOH (10 mL) and saturated aqueous K2CO3 (10 

mL) were added to the reaction mixture. The resulting mixture was stirred for 3 h and gradually 

warmed to 23 °C. The mixture was extracted with CH2Cl2 (3  50 mL) using a separatory funnel. 

The combined organic layers were dried over anhydrous Na2SO4, filtered, and concentrated in 

vacuo. The resulting crude residue was purified by flash chromatography (50 to 90% EtOAc in 

hexanes) on silica gel (80 mL) to afford (6-methylpyridin-2-yl)methanol as a dark brown oil (949 

mg, 40% yield).  

(6-Methylpyridin-2-yl)methanol: Rf = 0.32 (100% EtOAc); IR (neat): vmax = 3256, 2920, 

1680, 1598, 1579, 1458, 1206, 1137 cm-1; 1H NMR (400 MHz, 293 K, 1% w/w CD3OD in CDCl3): 

𝛿 7.56 (app t, J = 7.4 Hz, 1H, 4-H), 7.05 (app t, J = 7.4 Hz, 2H, 3-H and 5-H), 4.71 (s, 2 H, -

CH2OH), 2.54 (s, 3H, -CH3); 
13C NMR (100 MHz, 293 K, CDCl3): 𝛿 158.5, 157.5, 137.1, 122.0, 

117.6, 64.1, 24.3; HRMS (ESI+) calcd for C7H10NO [M + H]+ = 124.0757, found 124.0772. 

 

 

Preparation of 6-methylpicolinaldehyde: A 50-mL pear-shaped flask with a reflux 

condenser was evacuated and refilled with nitrogen gas three times, and (6-methylpyridin-2-

yl)methanol (516 mg, 4.16 mmol), DCE (18 mL), and MnO2 (1.91 g, 22.0 mmol) were added 

consecutively. The mixture was heated to reflux. After 22 h, the reaction mixture was cooled to 23 

°C, filtered through Celite, washed with EtOAc, and concentrated in vacuo. The crude residue 
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was purified by flash  chromatography (40 to 70% EtOAc in hexanes) on silica gel (10 mL) to 

afford 6-methylpicolinaldehyde as a yellow oil (213 mg, 42% yield). 

6-Methylpicolinaldehyde: Rf = 0.68 (60% EtOAc in hexanes); IR (neat): vmax = 3407, 3064, 

2927, 2826, 1712, 1677, 1593, 1461, 1376, 1350,1287, 1254, 1215, 1156, 1087, 1040 cm-1; 1H 

NMR (400 MHz, 293 K, DMSO-d6): 𝛿 9.94 (s, 1H, -CHO), 7.93 (app t, J = 7.4 Hz, 1H, 4-H), 7.74 

(d, J = 7.4 Hz, 1H, 3-H), 7.58 (d, J = 7.4 Hz, 1H, 5-H), 2.59 (s, 3H, -CH3); 
13C NMR (100 MHz, 

293 K, DMSO-d6): 𝛿 151.1, 150.1, 147.3, 139.4, 132.7, 123.5, 20.6; HRMS (ESI+) calcd for 

C7H9N2O [M + H]+ = 122.0600, found 122.0627. 

 

 

Preparation of (E)-6-methylpicolinaldehyde oxime: A 50-mL pear-shaped flask open to air 

was charged with 6-methylpicolinaldehyde (309 mg, 2.55 mmol), MeOH (26 mL), H2O (4 mL), 

K2CO3 (423 mg, 3.05 mmol), and NH2OH•HCl (177 mg, 2.55 mmol). A reflux condenser was 

attached, and after the reaction mixture was heated to reflux for 3 h, the reaction mixture was 

cooled to 23 °C. The organic solvent was removed in vacuo, and the resulting aqueous layer was 

extracted with EtOAc (3  20 mL) using a separatory funnel. The combined organic layers were 

dried over anhydrous Na2SO4, filtered, and concentrated in vacuo to afford (E)-6-

methylpicolinaldehyde oxime as an ivory solid (177 mg, 52% yield). This material was used 

directly without further purification.  

(E)-6-Methylpicolinaldehyde oxime: m.p. = 159–161 °C; Rf = 0.53 (60% EtOAc in 

hexanes); IR (film): vmax = 3423, 2708, 1635, 1591, 1459 cm-1; 1H NMR (400 MHz, 293 K, 

DMSO-d6): 𝛿 11.61 (s, 1H, -CH=NOH), 8.04 (s, 1H, -CH=NOH), 7.72 (app t, J = 8.0 Hz 1H, 4-

H), 7.60 (d, J = 8.0 Hz, 1H, 3-H), 7.25 (d, J = 8.0 Hz, 1H, 5-H), 2.49 (s, 3H, -CH3); 
13C NMR (100 
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MHz, 293 K, DMSO-d6): 𝛿 158.1, 151.9, 149.5, 137.3, 123.5, 117.3, 24.3; HRMS (ESI+) calcd 

for C7H9N2O [M + H]+ = 137.0709, found 137.0709. 

 

 

Preparation of (E)-2-((hydroxyimino)methyl)-1,6-dimethylpyridin-1-ium iodide (6-Me-2-

PAM): A 75-mL sealed tube with (E)-6-methylpicolinaldehyde oxime (408 mg, 3.00 mmol) was 

charged with acetone (20 mL), and MeI (1.87 mL, 30.0 mmol). The reaction mixture was stirred 

at 55 °C for 2 d. After this period, the reaction mixture was transferred to a 50-mL round-bottomed 

flask, concentrated in vacuo, and recrystallized from acetone/EtOAc (1:1) to yield (E)-2-

[(hydroxyimino)methyl]-1,6-dimethylpyridin-1-ium iodide as a light brown solid (171.2 mg, 21% 

yield). 

(E)-2-((Hydroxyimino)methyl)-1,6-dimethylpyridin-1-ium iodide: m.p. = 140–142 °C; Rf = 

0.18 (4:1:1 n-BuOH:H2O:AcOH); IR (film): vmax = 3405, 1653 cm-1; 1H NMR (400 MHz, 293 K, 

DMSO-d6): 𝛿 12.97 (s, 1H, -CH=NOH), 8.79 (s, 1H, -CH=NOH), 8.41 (app t, J = 8.0 Hz, 1H, 4-

H), 8.19 (d, J = 8.0 Hz, 1H, 3-H), 8.02 (d, J = 8.0 Hz, 1H, 5-H), 4.16 (s, 3H, -N+CH3), 2.82 (s, 3H, 

-CH3); 
13C NMR (100 MHz, 293 K, DMSO-d6): 𝛿 156.9, 148.4, 144.5, 143.0, 129.4, 124.0, 41.6, 

21.9; HRMS (ESI+) calcd for C8H11N2O [M]+ = 151.0866, found 151.0864. 

 

 

Preparation of (4-nitropyridin-2-yl)methanol: A 500-mL round-bottom flask with 4-nitro-

2-picoline 1-oxide (10.09 g, 63.48 mmol) was evacuated and refilled with nitrogen gas three times 
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and charged with CH2Cl2 (120 mL) at 23 °C. TFAA (27.0 mL, 186 mmol) in CH2Cl2 (110 mL) 

was added, and the resulting reaction mixture was stirred at 23 °C for 48 h. After this period, the 

reaction mixture was cooled to 0 °C. Then, t-BuOH (40 mL) and saturated aqueous K2CO3 (40 

mL) were added to the reaction mixture. The resulting mixture was stirred for 2 h at 0 °C and 

gradually warmed to 23 °C. The mixture was extracted with CH2Cl2 (4  125 mL) using a 

separatory funnel. The combined organic layers were dried over anhydrous Na2SO4, filtered, and 

concentrated in vacuo to afford (4-nitropyridin-2-yl)methanol as a brown solid (8.05 g, 82% yield). 

This material was used directly without further purification. 

(4-Nitropyridin-2-yl)methanol: 1H NMR (300 MHz, 293 K, 1% w/w CD3OD in CDCl3): 𝛿 

8.84 (d, J = 5.4 Hz, 1H, 6-H), 8.09 (d, J = 1.8 Hz, 1H, 3-H), 7.92 (dd, J = 5.4, 1.8 Hz, 1H, 5-H), 

4.90 (s, 2H, -CH2OH). The 1H NMR data for (4-nitropyridin-2-yl)methanol was consistent with 

the literature.111 

 

 

Preparation of 4-nitropicolinaldehyde: A 500-mL pear-shaped flask with a reflux 

condenser was evacuated and refilled with nitrogen gas three times, and (4-nitropyridin-2-

yl)methanol (5.86 g, 37.9 mmol), DCE (155 mL), and MnO2 (13.21 g, 151.9 mmol) were added 

consecutively. The mixture was heated to reflux. After 14 h, the reaction mixture was cooled to 23 

°C, filtered through Celite, washed with MeOH, and concentrated in vacuo. The crude residue 

was purified by flash chromatography (10 to 50% EtOAc in hexanes) on silica gel (200 mL) to 

afford 4-nitropicolinaldehyde as a yellow oil (3.99 g, 69% yield). 
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4-Nitropicolinaldehyde: 1H NMR (400 MHz, 293 K, CDCl3): 𝛿 = 10.19 (s, 1H, CHO), 9.12 

(d, J = 5.2 Hz, 1H, 6-H), 8.64 (d, J = 2.0 Hz, 1H, 3-H), 8.27 (dd, J = 5.2, 2.0 Hz, 1H, 5-H). The 

1H NMR spectrum for (4-nitropyridin-2-yl)methanol was consistent with those in the literature.111 

 

 

Preparation of 2-(diethoxymethyl)-4-nitropyridine: A 250-mL round-bottomed flask with 

4-nitropicolinaldehyde (3.99 g, 26.2 mmol) was charged with ethanol (134 mL), 

triethylorthoformate (17.5 mL, 105 mmol), and p-toluenesulfonic acid monohydrate (748 mg, 3.93 

mmol) sequentially. The mixture was heated to reflux for 15 h, after which the reaction mixture 

was cooled to 23 °C. The reaction mixture was concentrated in vacuo. EtOAc (15 mL) was added 

to the crude residue, followed by saturated aqueous NaHCO3 (15 mL). The layers were separated 

using a separatory funnel, and the aqueous layer was extracted with EtOAc (2  100 mL). The 

combined organic layers were dried over anhydrous Na2SO4, filtered, and concentrated in vacuo 

to afford 2-(diethoxymethyl)-4-nitropyridine as a yellow oil (4.33 g, 91% yield). 

2-(Diethoxymethyl)-4-nitropyridine: Rf = 0.71 (60% EtOAc in hexanes); IR (neat): vmax = 

2978, 2932, 2882, 1575, 1533, 1266, 1241, 1113, 1055 cm-1; 1H NMR (400 MHz, 293 K, CDCl3): 

𝛿 8.88 (d, J = 5.6 Hz, 1H, 6-H), 8.30 (d, J = 2.0 Hz, 1H, 3-H), 7.96 (dd, J = 5.6, 2.0 Hz, 1H, 5-H), 

5.57 (s, 1H, -CH(OCH2CH3)2), 3.74–3.60 (m, 4H, -CH(OCH2CH3)2), 1.26 (t, J = 6.8 Hz, 6H, -

CH(OCH2CH3)2); 
13C NMR (100 MHz, 293 K, CDCl3): 𝛿 161.9, 154.4, 151.0, 115.6, 113.9, 101.2, 

62.3, 15.0; HRMS (ESI+) calcd for C10H15N2O4 [M + H]+ = 227.1026, found 227.1025. 

 



 138 

 

Preparation of 2-(diethoxymethyl)-4-propoxypyridine: A 250-mL pear-shaped flask with 

a reflux condenser was evacuated and refilled with nitrogen gas three times. 1-Propanol (70 mL) 

was added, and the flask was cooled with an ice bath. NaH (60% w/w, 397 mg, 9.94 mmol) was 

added, and the mixture was stirred for 15 min. 2-(Diethoxymethyl)-4-nitropyridine (753 mg, 3.31 

mmol) was added, and the resulting mixture was stirred at reflux for 3 h. The reaction mixture was 

then cooled to 23 °C and concentrated in vacuo. EtOAc (10 mL) was added to the crude residue, 

followed by saturated aqueous NH4Cl (15 mL). The layers were separated using a separatory 

funnel, and the aqueous layer was extracted with EtOAc (2  20 mL). The combined organic layers 

were dried over anhydrous Na2SO4, filtered, and concentrated in vacuo. The crude material was 

combined with another batch (1.0 mmol scale, with respect to 2-(diethoxymethyl)-4-nitropyridine 

prepared using the same procedure and purified by flash chromatography (10 to 50% EtOAc in 

hexanes) on silica gel (40 mL) to afford 2-(diethoxymethyl)-4-propoxypyridine as a yellow oil 

(823.3 mg, 80% combined yield).  

2-(Diethoxymethyl)-4-propoxypyridine: Rf = 0.54 (60% EtOAc in hexanes); IR (neat): vmax 

= 2973, 2933, 2880, 1596, 1568, 1265, 1242, 1179, 1112, 1057 cm-1; 1H NMR (400 MHz, 293 K, 

CDCl3): 𝛿 8.36 (d, J = 5.6 Hz, 1H, 6-H), 7.09 (d, J = 2.4 Hz, 1H, 3-H), 7.96 (dd, J = 5.6, 2.4 Hz, 

1H, 5-H), 5.40 (s, 1H, -CH(OCH2CH3)2), 3.97 (t, J = 7.2 Hz, 2H, -OCH2CH2CH3), 3.73–3.55 (m, 

4H, -CH(OCH2CH3)2), 1.81 (app sextet, J = 7.2 Hz, 2H, -OCH2CH2CH3), 1.24 (app t, J = 7.2 Hz, 

6H, -CH(OCH2CH3)2), 1.02 (t, J = 7.2 Hz, 3H, -OCH2CH2CH3); 
13C NMR (100 MHz, 293 K, 

CDCl3): 𝛿 165.9, 160.0, 150.1, 110.3, 106.9, 102.7, 69.4, 62.3, 22.2, 15.1, 10.4; HRMS (ESI+) 

calcd for C13H22NO3 [M + H]+ = 240.1594, found 240.1595. 
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Preparation of (E)-4-propoxypicolinaldehyde oxime: A 50-mL pear-shaped flask, open to 

air, with 2-(diethoxymethyl)-4-propoxypyridine (455 mg, 1.88 mmol) was charged with H2O (5 

mL) and 5 M H2SO4 in H2O (450 L, 2.25 mmol). The solution was heated to 85 °C (external 

temperature). After stirring at the same temperature for 4 h, the reaction mixture was cooled to 23 

°C and treated with K2CO3 (779 mg, 5.64 mmol) followed by MeOH (20 mL) and NH2OH•HCl 

(131 mg, 1.88 mmol) at the same temperature. A reflux condenser was attached, and the reaction 

was heated to reflux while open to air for 3 h. The reaction mixture was cooled to 23 °C and 

concentrated in vacuo. EtOAc (10 mL) was added to the crude residue, followed by saturated 

aqueous NH4Cl (10 mL). The layers were separated using a separatory funnel, and the aqueous 

layer was extracted with EtOAc (2  20 mL). The combined organic layers were dried over 

anhydrous Na2SO4, filtered, and concentrated in vacuo to afford (E)-4-propoxypicolinaldehyde 

oxime (335 mg, 98% yield) as a pale pink solid. This material was used directly without further 

purification. 

(E)-4-Propoxypicolinaldehyde oxime: m.p. = 150–152 °C; Rf = 0.56 (100% EtOAc); IR 

(neat): vmax = 2967, 2880, 2689, 1593, 1562, 1431, 1265, 1248, 1188, 1089, 1065, 1027 cm-1; 1H 

NMR (400 MHz, 293 K, DMSO-d6): 𝛿 11.64 (s, 1H, -CH=NOH), 8.37 (d, J = 5.6 Hz, 1H, 6-H), 

8.03 (s, 1H, -CH=NOH), 7.25 (d, J = 2.4 Hz, 1H, 3-H), 6.97 (dd, J = 5.6, 2.4 Hz, 1H, 5-H), 4.04 

(t, J = 7.2, 2H, -OCH2CH2CH3), 1.75 (app sextet, J = 6.8, 2H, -OCH2CH2CH3), 0.98 (t, J = 6.8, 

3H, -OCH2CH2CH3); 
13C NMR (100 MHz, 293 K, DMSO-d6): 𝛿 165.4, 154.2, 151.3, 149.4, 111.6, 

105.9, 69.8, 22.3, 10.8; HRMS (ESI+) calcd for C9H13N2O2 [M + H]+ = 181.0972, found 181.0968. 
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Preparation of (E)-2-((hydroxyimino)methyl)-1-methyl-4-propoxypyridin-1-ium iodide 

(ADG3035): A 35-mL sealed tube was charged with (E)-4-propoxypicolinaldehyde oxime (152 

mg, 0.832 mmol), acetone (4 mL), and MeI (520 L, 8.32 mmol). The reaction mixture was stirred 

and heated to 40 °C (external temperature) for 19 h. After this period, the reaction mixture was 

transferred to a 25-mL round-bottomed flask and concentrated in vacuo. The dark brown crude 

residue was triturated with acetone/EtOAc (1:1) to afford (E)-2-((hydroxyimino)methyl)-1-

methyl-4-propoxypyridin-1-ium iodide as a yellow solid (147 mg, 55% yield). 

(E)-2-((Hydroxyimino)methyl)-1-methyl-4-propoxypyridin-1-ium iodide: m.p. = 163–166 

°C; Rf = 0.47 (4:1:1 n-BuOH:H2O:AcOH); IR (neat): vmax = 3079, 2964, 1696, 1592, 1564, 1476, 

1332, 1260, 1214, 1069 cm-1; 1H NMR (400 MHz, 293 K, DMSO-d6): 𝛿 12.97 (s, 1H, -CH=NOH), 

8.78 (d, J = 7.2 Hz, 1H, 6-H), 8.57 (s, 1H, -CH=NOH), 7.67 (d, J = 3.2 Hz, 1H, 3-H), 7.61 (d, J = 

7.2, 3.2 Hz, 1H, 5-H), 4.33 (t, J = 6.8 Hz, 2H, -OCH2CH2CH3), 4.19 (s, 3H, -N+CH3), 1.80 (app 

sextet, J = 6.8 Hz, 2H, -OCH2CH2CH3), 0.99 (t, J = 6.8 Hz, 3H, -OCH2CH2CH3); 
13C NMR (100 

MHz, 293 K, DMSO-d6): 𝛿 169.7, 149.0, 148.7, 142.2, 113.6, 110.6, 72.5, 45.1, 21.9, 10.5; HRMS 

(ESI+) calcd for C10H15N2O2 [M]+ = 195.1128, found 195.1125. 
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Preparation of 2-(diethoxymethyl)-4-isopropoxypyridine: A 250-mL pear-shaped flask 

with a reflux condenser was evacuated and refilled with nitrogen gas three times. Isopropanol (80 

mL) was added, and the flask was cooled with an ice bath. NaH (60% w/w, 480 mg, 12.0 mmol) 

was added, and the mixture was stirred for 5 min. 2-(Diethoxymethyl)-4-nitropyridine (761 mg, 

3.36 mmol) was added, and the resulting mixture was stirred at reflux for 16 h. The reaction 

mixture was then cooled to 23 °C and concentrated in vacuo. EtOAc (10 mL) was added to the 

crude residue, followed by saturated aqueous NH4Cl (20 mL). The layers were separated using a 

separatory funnel, and the aqueous layer was extracted with EtOAc (2  40 mL). The combined 

organic layers were dried over anhydrous Na2SO4, filtered, and concentrated in vacuo. The crude 

material was combined with another batch (1.0 mmol scale, with respect to 2-(diethoxymethyl)-4-

nitropyridine prepared using the same procedure) and was purified by flash chromatography (10 

to 50% EtOAc in hexanes) on silica gel (50 mL) to afford 2-(diethoxymethyl)-4-

isopropoxypyridine as a pale yellow oil (840 mg, 81% combined yield). 

2-(Diethoxymethyl)-4-isopropoxypyridine: Rf = 0.61 (60% EtOAc in hexanes); IR (neat): 

vmax = 2977, 2932, 2880, 1595, 1565, 1266, 1243, 1179, 1139, 1108, 1057 cm-1; 1H NMR (400 

MHz, 293 K, CDCl3): 𝛿 8.35 (d, J = 6.0 Hz, 1H, 6-H), 7.07 (s, 1H, 3-H), 6.69 (d, J = 6.0 Hz, 1H, 

5-H), 5.39 (s, 1H, -CH(OCH2CH3)2), 4.66 (septet, J = 6.0 Hz, 1H, -OCH(CH3)2), 3.73–3.55 (m, 

4H, -CH(OCH2CH3)2), 1.34 (d, J = 6.0 Hz, 6H, -OCH(CH3)2), 1.24 (overlapped t, J = 7.2 Hz, 6H, 

-CH(OCH2CH3)2); 
13C NMR (100 MHz, 293 K, CDCl3): 𝛿 164.6, 159.9, 150.0, 117.8, 107.5, 

102.5, 69.7, 62.1, 21.5, 15.0; HRMS (ESI+) calcd for C13H22NO3 [M + H]+ = 240.1594, found 

240.1594. 
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Preparation of (E)-4-isopropoxypicolinaldehyde oxime: A 50-mL pear-shaped flask, open 

to air, with 2-(diethoxymethyl)-4-isopropoxypyridine (450 mg, 1.88 mmol) was charged with H2O 

(5 mL) and 5 M H2SO4 in H2O (450 L, 2.25 mmol). The solution was heated to 85 °C (external 

temperature). After stirring at the same temperature for 1 h, the reaction mixture was cooled to 23 

°C and treated with K2CO3 (780 mg, 5.64 mmol) followed by MeOH (20 mL) and NH2OH•HCl 

(131 mg, 1.88 mmol) at the same temperature. A reflux condenser was attached, and the reaction 

was heated to reflux for 16 h while open to air. The reaction mixture was cooled to 23 °C and 

concentrated in vacuo. EtOAc (10 mL) was added to the crude residue, followed by saturated 

aqueous NH4Cl (10 mL). The layers were separated using a separatory funnel, and the aqueous 

layer was extracted with EtOAc (2  20 mL). The combined organic layers were dried over 

anhydrous Na2SO4, filtered, and concentrated in vacuo. The crude residue was purified by flash 

chromatography (10 to 50% EtOAc in hexanes) on silica gel (40 mL) to afford (E)-4-

isopropoxypicolinaldehyde oxime (135 mg, 40% yield) as a white solid.  

(E)-4-Isopropoxypicolinaldehyde oxime: m.p. = 160–163 °C; Rf = 0.44 (60% EtOAc in 

hexanes); IR (neat): vmax = 2982, 1591, 1560, 1516, 1429, 1244, 1191, 1141, 1108, 1086, 1015 cm-

1; 1H NMR (300 MHz, 293 K, DMSO-d6): 𝛿 11.63 (s, 1H, -CH=NOH), 8.36 (d, J = 7.6 Hz, 1H, 6-

H), 8.02 (s, 1H, -CH=NOH), 7.22 (d, J = 3.2 Hz, 1H, 3-H), 6.95 (dd, J = 7.6, 3.2 Hz, 1H, 5-H), 

4.78 (septet, J = 6.3 Hz, 1H, -OCH(CH3)2), 1.30 (d, J = 6.0 Hz, 6H, -OCH(CH3)2). 
13C NMR (100 

MHz, 293 K, DMSO-d6): 𝛿 164.2, 154.2, 151.3, 149.3, 112.1, 106.5, 70.4, 22.0; HRMS (ESI+) 

calcd for C9H13N2O2 [M + H]+ = 181.0972, found 181.0967. 
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Preparation of (E)-2-((hydroxyimino)methyl)-4-isopropoxy-1-methylpyridin-1-ium iodide 

(ADG2054): A 10-mL sealed tube with (E)-4-isopropoxypicolinaldehyde oxime (75 mg, 0.42 

mmol) was charged with acetone (2 mL), and MeI (250 L, 4.16 mmol). The vessel was sealed 

and heated to 45 °C (external temperature). After 19 h at the same temperature, the reaction mixture 

was cooled to 23 °C, transferred to a 25-mL round-bottomed flask, and concentrated in vacuo. The 

dark brown crude residue was triturated with acetone/EtOAc (1:1) to afford (E)-2-

((hydroxyimino)methyl)-1-methyl-4-isopropoxypyridin-1-ium iodide as a yellow solid (99 mg, 

73% yield). 

(E)-4-Isopropoxy-2-[(hydroxyimino)methyl]-1-methylpyridin-1-ium iodide: m.p. = 150–

153 °C; Rf = 0.42 (4:1:1 n-BuOH:H2O:AcOH); IR (neat): vmax = 3182, 3078, 2978, 1634, 1590, 

1562, 1461, 1336, 1271, 1207, 1100 cm-1; 1H NMR (400 MHz, 293 K, DMSO-d6): 𝛿 12.96 (s, 1H, 

-CH=NOH), 8.75 (d, J = 7.2 Hz, 1H, 6-H), 8.56 (s, 1H, -CH=NOH), 7.65 (d, J = 2.8 Hz, 1H, 3-

H), 7.61 (dd, J = 7.2, 2.8 Hz, 1H, 5-H), 5.09 (septet, J = 6.0 Hz, 1H, -OCH(CH3)2), 4.16 (s, 3H, -

N+CH3), 1.36 (d, J = 6.0 Hz, 6H, -OCH(CH3)2). 
13C NMR (100 MHz, 293 K, DMSO-d6): 𝛿 168.7, 

148.9, 148.8, 142.3, 113.8, 111.3, 74.4, 45.0, 21.7; HRMS (ESI+) calcd for C10H15N2O2 [M]+ = 

195.1128, found 195.1126. 
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Preparation of 2-(diethoxymethyl)-4-butoxypyridine: A 100-mL pear-shaped flask with a 

reflux condenser was evacuated and refilled with nitrogen gas three times. 1-Butanol (50 mL) was 

added, and the flask was cooled with an ice bath. NaH (60% w/w, 288 mg, 7.20 mmol) was added, 

and the mixture was stirred for 5 min. 2-(Diethoxymethyl)-4-nitropyridine (544 mg, 2.40 mmol) 

was added, and the resulting mixture was stirred at reflux for 16 h. The reaction mixture was then 

cooled to 23 °C and concentrated in vacuo. EtOAc (10 mL) was added to the crude residue, 

followed by saturated aqueous NH4Cl (20 mL). The layers were separated using a separatory 

funnel, and the aqueous layer was extracted with EtOAc (2  30 mL). The combined organic layers 

were dried over anhydrous Na2SO4, filtered, and concentrated in vacuo. The crude residue was 

purified by flash chromatography (10 to 50% EtOAc in hexanes) on silica gel (50 mL) to afford 

2-(diethoxymethyl)-4-butoxypyridine as a yellow oil (468 mg, 77% yield). 

2-(Diethoxymethyl)-4-butoxypyridine: Rf = 0.50 (60% EtOAc in hexanes); IR (neat): vmax 

= 2972, 2933, 2875, 1595, 1568, 1266, 1243, 1178, 1113, 1058 cm-1 ; 1H NMR (400 MHz, 293 K, 

CDCl3): 𝛿 8.37 (d, J = 5.6 Hz, 1H, 6-H), 7.10 (d, J = 2.4 Hz, 1H, 3-H), 6.74 (dd, J = 5.6, 2.4 Hz, 

1H, 5-H), 5.41 (s, 1H, -CH(OCH2CH3)2), 4.03 (t, J = 6.4 Hz, 2H, -OCH2CH2CH2CH3), 3.75–3.57 

(m, 4H, -CH(OCH2CH3)2), 1.77 (app quintet, J = 6.4 Hz, 2H, -OCH2CH2CH2CH3), 1.54–1.41 (m, 

2H, -OCH2CH2CH2CH3), 1.25 (d, J = 6.0 Hz, 6H, -CH(OCH2CH3)2), 0.98 (t, J = 7.6 Hz, 3H, -

OCH2CH2CH2CH3); 
13C NMR (100 MHz, 293 K, CDCl3): 𝛿 165.9, 160.0, 150.0, 110.3, 106.9, 

102.6, 67.6, 62.3, 30.9, 19.1, 15.1, 13.7; HRMS (ESI+) calcd for C14H24NO3 [M + H]+ = 254.1751, 

found 254.1751. 
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Preparation of (E)-4-butoxypicolinaldehyde oxime: A 25-mL pear-shaped flask, open to 

air, with 2-(diethoxymethyl)-4-butoxypyridine (156 mg, 0.590 mmol) was charged with H2O (2 

mL) and 5 M H2SO4 in H2O (140 L, 0.710 mmol). The solution was heated to 85 °C (external 

temperature). After stirring at the same temperature for 4 h, the reaction mixture was cooled to 23 

°C and treated with K2CO3 (245 mg, 1.76 mmol) followed by MeOH (8 mL) and NH2OH•HCl (41 

mg, 0.59 mmol) at the same temperature. A reflux condenser was attached, and the reaction was 

heated to reflux for 3 h while open to air. The reaction mixture was cooled to 23 °C and 

concentrated in vacuo. EtOAc (10 mL) was added to the crude residue, followed by saturated 

aqueous NH4Cl (10 mL). The layers were separated using a separatory funnel, and the aqueous 

layer was extracted with EtOAc (2  10 mL). The combined organic layers were dried over 

anhydrous Na2SO4, filtered, and concentrated in vacuo to afford (E)-4-butoxypicolinaldehyde 

oxime (113 mg, 98% yield) as a white solid. This material was used directly without further 

purification. 

(E)-4-Butoxypicolinaldehyde oxime: m.p. = 140–143 °C; Rf = 0.31 (60% EtOAc in 

hexanes); IR (neat): vmax = 2959, 2873, 1593, 1562, 1429, 1249, 1187, 1088, 1067, 1036 cm-1; 1H 

NMR (400 MHz, 293 K, DMSO-d6): 𝛿 11.63 (s, 1H, -CH=NOH), 8.36 (d, J = 5.6 Hz, 1H, 6-H), 

8.02 (s, 1H, -CH=NOH), 7.25 (d, J = 2.4 Hz, 1H, 3-H), 6.80 (dd, J = 5.6, 2.4 Hz, 1H, 5-H), 4.09 

(t, J = 6.4 Hz, 2H, -OCH2CH2CH2CH3), 1.80 (app quintet, J = 6.4 Hz, 2H, -OCH2CH2CH2CH3), 

1.43 (app sextet, J = 7.2 Hz, 2H, -OCH2CH2CH2CH3), 0.93 (t, J = 7.2 Hz, 3H, -

OCH2CH2CH2CH3); 
13C NMR (100 MHz, 293 K, DMSO-d6): 𝛿 164.8, 153.6, 150.7, 148.78, 

111.0, 105.3, 67.4, 30.3, 18.6, 13.6; HRMS (ESI+) calcd for C10H15N2O2 [M + H]+ = 195.1128, 

found 195.1126. 
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Preparation of (E)-2-((hydroxyimino)methyl)-1-methyl-4-butoxypyridin-1-ium iodide 

(ADG2058): A 35-mL sealed tube with (E)-4-butoxypicolinaldehyde oxime (102 mg, 0.510 mmol) 

was charged with acetone (2 mL), and MeI (318 L, 5.14 mmol). The vessel was sealed and heated 

to 45 °C (external temperature). After 19 h at the same temperature, the reaction mixture was 

cooled to 23 °C, transferred to a 25-mL round-bottomed flask, and concentrated in vacuo. The 

dark brown crude residue was triturated with acetone/EtOAc (1:1) to afford (E)-2-

((hydroxyimino)methyl)-1-methyl-4-butoxypyridin-1-ium iodide as a yellow solid (119 mg, 69% 

yield). 

(E)-2-((Hydroxyimino)methyl)-1-methyl-4-butoxypyridin-1-ium iodide: m.p. = 118–121 

°C; Rf = 0.47 (4:1:1 n-BuOH:H2O:AcOH); IR (neat): vmax = 3060, 2956, 2871. 1598, 1567, 1466, 

1329, 1261, 1215, 1078 cm-1; 1H NMR (400 MHz, 293 K, DMSO-d6): 𝛿 12.96 (s, 1H, -CH=NOH), 

8.76 (d, J = 7.6 Hz, 1H, 6-H), 8.56 (s, 1H, -CH=NOH), 7.67 (d, J = 2.8 Hz, 1H, 3-H), 7.60 (dd, J 

= 7.6, 2.8 Hz, 1H, 5-H), 4.35 (t, J = 6.4 Hz, 2H, -OCH2CH2CH2CH3), 4.17 (s, 3H, -N+CH3), 1.75 

(app quintet, J = 7.6 Hz, 2H, -OCH2CH2CH2CH3), 1.43 (app sextet, J = 7.6 Hz, 2H, -

OCH2CH2CH2CH3), 0.93 (t, J = 7.3 Hz, 3H, -OCH2CH2CH2CH3); 
13C NMR (100 MHz, 293 K, 

DMSO-d6): 𝛿 169.6, 148.9, 148.6, 142.2, 113.6, 110.6, 70.8, 45.0, 30.4, 18.8, 14.0; HRMS (ESI+) 

calcd for C11H17N2O2 [M]+ = 209.1284, found 209.1282. 
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Preparation of 2-(diethoxymethyl)-4-(propylthio)pyridine: A 75-mL sealed tube was 

charged with dimethyl sulfoxide (2 mL), K2CO3 (830 mg, 6.00 mmol), and n-propanethiol (540 

L, 6.00 mmol). The mixture was stirred at room temperature for 20 min. 2-(Diethoxymethyl)-4-

nitropyridine (453 mg, 2.00 mmol) was added, and the vessel was sealed and heated to 95 °C 

(external temperature) for 16 h. The reaction mixture was then cooled to 23 °C and neutralized 

with saturated aqueous NH4Cl (20 mL). The resulting solution was extracted with EtOAc (3  15 

mL). The combined organic layers were dried over anhydrous Na2SO4, filtered, and concentrated 

in vacuo. The crude material was purified by flash chromatography (0 to 60% EtOAc in hexanes) 

on silica gel (40 mL) to afford 2-(diethoxymethyl)-4-propylthiopyridine as a pale yellow oil (460 

mg, 90% yield). 

2-(Diethoxymethyl)-4-(propylthio)pyridine: Rf = 0.60 (60% EtOAc in hexanes); IR (neat): 

vmax = 2972, 2874, 1577, 1542, 1264, 1231, 1112, 1091, 1056 cm-1; 1H NMR (400 MHz, 293 K, 

CDCl3): 𝛿 8.35 (d, J = 5.2 Hz, 1H, 6-H), 7.41 (app s, 1H, 3-H), 7.04 (dd, J = 5.2, 1.2 Hz, 1H, 5-

H), 5.41 (s, 1H, -CH(OCH2CH3)2), 3.75–3.57 (m, 4H, -CH(OCH2CH3)2), 2.97 (t, J = 7.4 Hz, 2H, 

-SCH2CH2CH3), 1.75 (app sextet, t, J = 7.4 Hz, 2H, -SCH2CH2CH3), 1.26 (t, J = 7.2 Hz, 6H, -

CH(OCH2CH3)2), 1.07 (t, J = 7.4 Hz, 3H, -SCH2CH2CH3); 
13C NMR (100 MHz, 293 K, CDCl3): 

𝛿 157.8, 150.4, 148.2, 120.2, 117.5, 102.5, 62.2, 32.5, 21.8, 15.1, 13.4; HRMS (ESI+) calcd for 

C13H22NO2S [M + H]+ = 256.1366, found 256.1367. 

 

 

Preparation of (E)-4-(propylthio)picolinaldehyde oxime: A 25-mL pear-shaped flask, open 

to air, with 2-(diethoxymethyl)-4-propylthiopyridine (237 mg, 0.920 mmol) was charged with H2O 
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(4 mL) and 5 M H2SO4 in H2O (280 L, 1.40 mmol). The solution was heated to 92 °C (external 

temperature). After stirring at the same temperature for 3 h, the reaction mixture was cooled to 23 

°C and treated with K2CO3 (509 mg, 3.68 mmol) followed by MeOH (14 mL) and NH2OH•HCl 

(64 mg, 0.92 mmol) at the same temperature. A reflux condenser was attached, and the reaction 

was heated to reflux for 2 h while open to air. The reaction mixture was cooled to 23 °C and 

concentrated in vacuo. EtOAc (8 mL) was added to the crude residue, followed by saturated 

aqueous NH4Cl (10 mL). The layers were separated using a separatory funnel, and the aqueous 

layer was extracted with EtOAc (2  15 mL). The combined organic layers were dried over 

anhydrous Na2SO4, filtered, and concentrated in vacuo to afford (E)-4-(propylthio)picolinaldehyde 

oxime (180 mg, quantitative yield) as a pale pink solid. This material was used directly without 

further purification.  

(E)-4-(Propylthio)picolinaldehyde oxime: m.p. = 145–147 °C; Rf = 0.43 (60% EtOAc in 

hexanes); IR (neat): vmax = 2971, 2871, 2710, 1579, 1575, 1464, 1404, 1322, 1231, 1113 cm-1; 1H 

NMR (400 MHz, 293 K, DMSO-d6): 𝛿 11.71 (s, 1H, -CH=NOH), 8.36 (d, J = 5.6 Hz, 1H, 6-H), 

8.02 (s, 1H, -CH=NOH), 7.56 (d, J = 1.6 Hz, 1H, 3-H), 7.26 (dd, J = 5.6, 1.6 Hz, 1H, 5-H), 3.05 

(t, J = 7.2 Hz, 2H, -SCH2CH2CH3), 1.66 (app sextet, J = 7.2 Hz, 2H, -SCH2CH2CH3), 1.00 (t, J = 

7.2 Hz, 3H, -SCH2CH2CH3); 
13C NMR (100 MHz, 293 K, DMSO-d6): 𝛿 152.3, 149.8, 149.5, 

149.0, 121.1, 116.3, 32.0, 22.0, 13.7; HRMS (ESI+) calcd for C9H13N2OS [M + H]+ = 197.0743, 

found 197.0740. 
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Preparation of (E)-2-((hydroxyimino)methyl)-1-methyl-4-(propylthio)pyridin-1-ium 

iodide (ADG2293): A 35-mL sealed tube with (E)-4-(propylthio)picolinaldehyde oxime (150 mg, 

0.770 mmol) was charged with acetone (2 mL), and MeI (473 L, 7.70 mmol). The vessel was 

sealed and heated to 40 °C (external temperature). After 17 h at the same temperature, the reaction 

mixture was cooled to 23 °C, transferred to a 25-mL round-bottomed flask, concentrated in vacuo, 

and recrystallized from EtOH to afford (E)-2-((hydroxyimino)methyl)-1-methyl-4-

(propylthio)pyridin-1-ium iodide as a yellow solid (66 mg, 25% yield). 

(E)-2-((Hydroxyimino)methyl)-1-methyl-4-(propylthio)pyridin-1-ium iodide: m.p. = 166–

168 °C; Rf = 0.08 (10% MeOH in CH2Cl2); IR (neat): vmax = 3108, 2971, 1582, 1554, 1492, 1315, 

1238, 1081 cm-1; 1H NMR (400 MHz, 293 K, DMSO-d6): 𝛿 13.04 (s, 1H, -CH=NOH), 8.65 (d, J 

= 6.8 Hz, 1H, 6-H), 8.59 (s, 1H, -CH=NOH), 8.02 (d, J = 2.4 Hz, 1H, 3-H), 7.90 (dd, J = 6.8, 2.4 

Hz, 1H, 5-H), 4.19 (s, 3H, -N+CH3), 3.27 (t, J = 7.2 Hz, 2H, -SCH2CH2CH3), 1.71 (app sextet, t, J 

= 7.42 Hz, 2H, -SCH2CH2CH3), 1.03 (t, J = 7.2 Hz, 3H, -SCH2CH2CH3); 
13C NMR (100 MHz, 

293 K, DMSO-d6): 𝛿 161.8, 145.6, 145.0, 142.1, 122.5, 120.0, 45.4. 32.7, 21.5, 13.5; HRMS 

(ESI+) calcd for C10H15N2OS [M]+ = 211.0899, found 211.0898. 

 

 

Preparation of 2-(diethoxymethyl)-4-(isopropylthio)pyridine: A 75-mL sealed tube was 

charged with dimethyl sulfoxide (4 mL), K2CO3 (1.66 g, 12.0 mmol) and isopropylthiol (1.12 mL, 

12.0 mmol). The mixture was stirred at room temperature for 20 min. 2-(Diethoxymethyl)-4-

nitropyridine (905 mg, 4.00 mmol) was added, and the vessel was sealed and heated to 85 °C 
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(external temperature) for 17 h. The reaction mixture was then cooled to 23 °C and neutralized 

with saturated aqueous NH4Cl (20 mL). The resulting solution was extracted with EtOAc (3  15 

mL). The combined organic layers were dried over anhydrous Na2SO4, filtered, and concentrated 

in vacuo. The crude material was combined with another batch (1.0 mmol scale, with respect to 2-

(diethoxymethyl)-4-nitropyridine prepared using the same procedure and purified by flash 

chromatography (0 to 40% EtOAc in hexanes) on silica gel (100 mL) to afford 2-(diethoxymethyl)-

4-isopropylthiopyridine as a pale yellow oil (1.25 g, 98% combined yield). 

2-(Diethoxymethyl)-4-(isopropylthio)pyridine: Rf = 0.45 (60% EtOAc in hexanes); IR 

(neat): vmax = 2974, 2929, 2870, 1577, 1541, 1274, 1238, 1156, 1113, 1092, 1053 cm-1; 1H NMR 

(400 MHz, 293 K, CDCl3): 𝛿 8.37 (d, J = 5.2 Hz, 1H, 6-H), 7.43 (d, J = 1.4 Hz, 1H, 3-H), 7.07 

(dd, J = 5.2, 1.4 Hz, 1H, 5-H), 5.41 (s, 1H, -CH(OCH2CH3)2), 3.75–3.57 (m, 5H, -CH(OCH2CH3)2 

and -SCH(CH3)2), 1.39 (d, J = 6.8 Hz, 6H, -SCH(CH3)2), 1.25 (overlapped t, J = 6.0 Hz, 6H, -

CH(OCH2CH3)2); 
13C NMR (100 MHz, 293 K, CDCl3): 𝛿 158.0, 149.7, 148.4, 121.2, 118.7, 102.5, 

62.2, 35.0, 22.7, 15.1; HRMS (ESI+) calcd for C13H22NO2S [M + H]+ = 256.1366, found 256.1367. 

 

 

Preparation of (E)-4-(isopropylthio)picolinaldehyde oxime: A 100-mL pear-shaped flask, 

open to air, with 2-(diethoxymethyl)-4-isopropylthiopyridine (650 mg, 2.54 mmol) was charged 

with H2O (7 mL) and 5 M H2SO4 in H2O (610 L, 3.05 mmol). The solution was heated to 88 °C 

(external temperature). After stirring at the same temperature for 6 h, the reaction mixture was 

cooled to 23 °C and treated with K2CO3 (1.40 g, 10.2 mmol) followed by MeOH (27 mL) and 

NH2OH•HCl (177 mg, 2.54 mmol) at the same temperature. A reflux condenser was attached, and 
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the reaction was heated to reflux for 4 h while open to air. The reaction mixture was cooled to 23 

°C and concentrated in vacuo. EtOAc (10 mL) was added to the crude residue, followed by 

saturated aqueous NH4Cl (10 mL). The layers were separated using a separatory funnel, and the 

aqueous layer was extracted with EtOAc (2  15 mL). The combined organic layers were dried 

over anhydrous Na2SO4, filtered, and concentrated in vacuo to afford (E)-4-

isopropylthiopicolinaldehyde oxime (449 mg, 90% yield) as a light peach solid. This material was 

used directly without further purification.  

(E)-4-(Isopropylthio)picolinaldehyde oxime: m.p. = 164–168 °C; Rf = 0.46 (60% EtOAc in 

hexanes); IR (neat): vmax = 2964, 2866, 2724, 1580, 1539, 1406, 1280, 1241, 1223, 1157, 1112, 

1102, 1052 cm-1; 1H NMR (300 MHz, 293 K, DMSO-d6): 𝛿 11.71 (s, 1H, -CH=NOH), 8.38 (d, J 

= 5.4 Hz, 1H, 6-H), 8.02 (s, 1H, -CH=NOH), 7.57 (d, J = 1.5 Hz, 1H, 3-H), 7.26 (dd, J = 5.4, 1.5 

Hz, 1H, 5-H), 3.77 (septet, J = 6.6 Hz, 1H, -SCH(CH3)2), 1.33 (d, J = 6.6 Hz, 6H, -SCH(CH3)2); 

13C NMR (100 MHz, 293 K, DMSO-d6): 𝛿 152.5, 149.7, 149.2, 149.0, 122.0, 117.2, 34.9, 23.0; 

HRMS (ESI+) calcd for C9H13N2OS [M + H]+ = 197.0743, found 197.0741. 

 

 

Preparation of (E)-2-((hydroxyimino)methyl)-4-(isopropylthio)-1-methylpyridin-1-ium 

iodide (ADG3060): A 35-mL sealed tube with (E)-4-isopropylthiopicolinaldehyde oxime (200 mg, 

1.02 mmol) was charged with acetone (2 mL), and MeI (630 L, 10.2 mmol). The vessel was 

sealed and heated to 55 °C (external temperature). After 19 h at the same temperature, the reaction 

mixture was cooled to 23 °C, transferred to a 25-mL round-bottomed flask, concentrated in vacuo, 
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and recrystallized from acetone/EtOAc (1:1) to afford (E)-2-((hydroxyimino)methyl)-1-methyl-4-

(isopropylthio)pyridin-1-ium iodide as a yellow solid (344 mg, quantitative yield). 

(E)-2-((Hydroxyimino)methyl)-4-(isopropylthio)-1-methylpyridin-1-ium iodide: m.p. = 

163–166 °C; Rf = 0.11 (100% EtOAc); IR (neat): vmax = 3139, 2964, 1582, 1549, 1498, 1312, 1230, 

1088 cm-1; 1H NMR (300 MHz, 293 K, DMSO-d6): 𝛿 13.04 (s, 1H, -CH=NOH), 8.66 (d, J = 6.9 

Hz, 1H, 6-H), 8.59 (s, 1H, -CH=NOH), 8.01 (d, J = 2.1 Hz, 1H, 3-H), 7.90 (dd, J = 6.9, 2.4 Hz, 

1H, 5-H), 4.19 (s, 3H, -N+CH3), 4.03 (sept, J = 6.9 Hz, 1H, -SCH(CH3)2), 1.40 (d, J = 6.9 Hz, 6H, 

-SCH(CH3)2; 
13C NMR (100 MHz, 293 K, DMSO-d6): 𝛿 161.0, 145.8, 145.2, 142.1, 122.8, 120.3, 

45.4, 36.1, 22.4; HRMS (ESI+) calcd for C10H15N2OS [M]+ = 211.0899, found 211.0898. 

 

 

Preparation of 2-(diethoxymethyl)-4-butylthiopyridine: A 25-mL sealed tube was charged 

with dimethyl sulfoxide (3 mL), K2CO3 (1.24 g, 9.00 mmol) and n-butylthiol (920 L, 9.00 mmol). 

The mixture was stirred at room temperature for 15 min. 2-(Diethoxymethyl)-4-nitropyridine (320 

mg, 1.41 mmol) was added, and the vessel was sealed and heated to 95 °C (external temperature) 

for 16 h. The reaction mixture was then cooled to 23 °C and neutralized with saturated aqueous 

NH4Cl (10 mL). The resulting solution was extracted with EtOAc (3  20 mL). The combined 

organic layers were dried over anhydrous Na2SO4, filtered, and concentrated in vacuo. The crude 

material was combined with another batch (1.0 mmol scale, with respect to 2-(diethoxymethyl)-4-

nitropyridine prepared using the same procedure and purified by flash chromatography (0 to 50% 

EtOAc in hexanes) on silica gel (50 mL) to afford 2-(diethoxymethyl)-4-butylthiopyridine as a 

pale yellow oil (477 mg, 74% combined yield). 
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2-(Diethoxymethyl)-4-butylthiopyridine: Rf = 0.59 (60% EtOAc in hexanes); IR (neat): vmax 

= 2972, 2930, 2874, 1578, 1542, 1272, 1225, 1114, 1092, 1057 cm-1; 1H NMR (400 MHz, 293 K, 

CDCl3): 𝛿 8.35 (d, J = 5.6 Hz, 1H, 6-H), 7.41 (d, J = 1.2 Hz, 1H, 3-H), 7.06 (dd, J = 5.6, 2.0 Hz, 

1H, 5-H), 5.41 (s, 1H, -CH(OCH2CH3)2), 3.75–3.57 (m, 4H, -CH(OCH2CH3)2), 2.99 (t, J = 7.2 

Hz, 2H, -SCH2CH2CH2CH3), 1.70 (app quintet, J = 7.2 Hz, 2H, -SCH2CH2CH2CH3), 1.49 (app 

sextet, J = 7.2 Hz, 2H, -SCH2CH2CH2CH3), 1.26 (t, J = 7.2 Hz, 6H, -CH(OCH2CH3)2), 0.96 (t, J 

= 7.2 Hz, 3H, -SCH2CH2CH2CH3); 
13C NMR (100 MHz, 293 K, CDCl3): 𝛿 157.8, 150.2, 148.2, 

120.2, 117.5, 102.5, 62.2, 30.4, 30.2, 21.9, 15.1, 13.5; HRMS (ESI+) calcd for C14H24NO2S [M + 

H]+ = 270.1522, found 270.1526. 

 

 

Preparation of (E)-4-(butylthio)picolinaldehyde oxime: A 50-mL pear-shaped flask, open 

to air, with 2-(diethoxymethyl)-4-butylthiopyridine (300 mg, 1.11 mmol) was charged with H2O 

(4 mL) and 5 M H2SO4 in H2O (270 L, 1.33 mmol). The solution was heated to 92 °C (external 

temperature). After stirring at the same temperature for 3 h, the reaction mixture was cooled to 23 

°C and treated with K2CO3 (614 mg, 4.44 mmol) followed by MeOH (14 mL) and NH2OH•HCl 

(77 mg, 1.1 mmol) at the same temperature. A reflux condenser was attached, and the reaction was 

heated to reflux for 2 h while open to air. The reaction mixture was cooled to 23 °C and 

concentrated in vacuo. EtOAc (10 mL) was added to the crude residue, followed by saturated 

aqueous NH4Cl (10 mL). The layers were separated using a separatory funnel, and the aqueous 

layer was extracted with EtOAc (2  10 mL). The combined organic layers were dried over 

anhydrous Na2SO4, filtered, and concentrated in vacuo to afford (E)-4-butylthiopicolinaldehyde 
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oxime (216 mg, 93% yield) as a light pink solid. This material was used directly without further 

purification.  

(E)-4-(Butylthio)picolinaldehyde oxime: m.p. = 125–128 °C; Rf = 0.48 (60% EtOAc in 

hexanes); IR (neat): vmax = 2953, 2869, 2714, 1634, 1579, 1535, 1436, 1230, 1112, 1097 cm-1; 1H 

NMR (400 MHz, 293 K, DMSO-d6): 𝛿 11.71 (s, 1H, -CH=NOH), 8.36 (d, J = 5.2 Hz, 1H, 6-H), 

8.02 (s, 1H, -CH=NOH), 7.56 (d, J = 1.6 Hz, 1H, 3-H), 7.26 (dd, J = 5.2, 1.6 Hz, 1H, 5-H), 3.07 

(t, J = 7.2 Hz, 2H, -SCH2CH2CH2CH3), 1.62 (app quint, J = 7.2 Hz, 2H, -SCH2CH2CH2CH3),1.43 

(app sextet, J = 7.2 Hz, 2H, -SCH2CH2CH2CH3) 0.97 (t, J = 7.2 Hz, 3H, -SCH2CH2CH2CH3); 
13C 

NMR (100 MHz, 293 K, DMSO-d6): 𝛿 152.3, 149.8, 149.5, 149.0, 121.1, 116.2, 30.5, 29.7, 21.8, 

13.9; HRMS (ESI+) calcd for C10H15N2OS [M + H]+ = 211.0899, found 211.0896. 

 

 

Preparation of (E)-4-(butylthio)-2-((hydroxyimino)methyl)-1-methylpyridin-1-ium iodide 

(ADG2294): A 35-mL sealed tube with (E)-4-butylthiopicolinaldehyde oxime (150 mg, 0.710 

mmol) was charged with acetone (2 mL), and MeI (440 L, 7.14 mmol). The vessel was sealed 

and heated to 55 °C (external temperature). After 18 h at the same temperature, the reaction mixture 

was cooled to 23 °C, transferred to a 25-mL round-bottomed flask, and concentrated in vacuo, and 

recrystallized from acetone/EtOAc (1:1) to afford (E)-2-((hydroxyimino)methyl)-1-methyl-4-

(butylthio)pyridin-1-ium iodide as a yellow solid (206 mg, 82% yield). 

(E)-2-((Hydroxyimino)methyl)-4-(butylthio)-1-methylpyridin-1-ium iodide: m.p. = 150–

153 °C; Rf = 0.11 (100% EtOAc); IR (neat): vmax = 3069, 2960, 1549, 1500, 1316, 1222, 1088 cm-

1; 1H NMR (400 MHz, 293 K, DMSO-d6): 𝛿 13.04 (s, 1H, -CH=NOH), 8.64 (d, J = 7.2 Hz, 1H, 6-
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H), 8.58 (s, 1H, -CH=NOH), 8.02 (d, J = 2.4 Hz, 1H, 3-H), 7.89 (dd, J = 7.2, 2.4 Hz, 1H, 5-H), 

4.19 (s, 3H, -N+CH3), 3.28 (t, J = 7.2 Hz, 2H, -SCH2CH2CH2CH3), 1.66 (app quint, J = 7.2 Hz, 

2H, -SCH2CH2CH2CH3), 1.45 (app sextet, J = 7.2 Hz, 2H, -SCH2CH2CH2CH3) 0.92 (t, J = 7.2 Hz, 

3H, -SCH2CH2CH2CH3); 
13C NMR (100 MHz, 293 K, DMSO-d6): 𝛿 161.7, 145.6, 145.0, 142.1, 

122.5, 119.9, 45.4, 30.5, 29.9, 21.7, 13.9; HRMS (ESI+) calcd for C11H17N2OS [M]+ = 225.1056, 

found 225.1055. 

 

 

Preparation of 2-(diethoxymethyl)-4-tert-butylthiopyridine: A 35-mL sealed tube was 

charged with dimethyl sulfoxide (2 mL), K2CO3 (830 g, 6.00 mmol) and tert-butylthiol (570 L, 

6.00 mmol). The mixture was stirred at room temperature for 5 min. 2-(Diethoxymethyl)-4-

nitropyridine (452 mg, 2.00 mmol) was added, and the vessel was sealed and heated to 90 °C 

(external temperature) for 8 h. The reaction mixture was then cooled to 23 °C and neutralized with 

saturated aqueous NH4Cl (10 mL). The resulting solution was extracted with EtOAc (3  20 mL). 

The combined organic layers were dried over anhydrous Na2SO4, filtered, and concentrated in 

vacuo. The crude material was purified by flash chromatography (0 to 50% EtOAc in hexanes) on 

silica gel (20 mL) to afford 2-(diethoxymethyl)-4-tert-butylthiopyridine as a yellow oil (351 mg, 

65% yield). 

2-(Diethoxymethyl)-4-tert-butylthiopyridine: Rf = 0.45 (60% EtOAc in hexanes); IR (neat): 

vmax = 2974, 1576, 1541, 1458, 1267, 1161, 1114, 1057 cm-1; 1H NMR (400 MHz, 293 K, CDCl3): 

𝛿 8.50 (d, J = 5.2 Hz, 1H, 6-H), 7.69 (d, J = 1.4 Hz,), 7.33 (dd, J = 5.2, 1.4 Hz, 1H, 5-H), 5.48 (s, 
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1H, -CH(OCH2CH3)2), 3.74–3.58 (m, 4H, -CH(OCH2CH3)2), 1.39 (s, 9H, -SC(CH3)3), 1.26 (t, J = 

7.2 Hz, 6H, -CH(OCH2CH3)2); 
13C NMR (100 MHz, 293 K, CDCl3): 𝛿 158.0, 148.5, 145.1, 128.8, 

126.6, 102.1, 61.9, 46.8, 31.0 15.0; HRMS (ESI+) calcd for C14H24NO2S [M + H]+ = 270.1522, 

found 270.1529. 

 

 

Preparation of (E)-4-(tert-butylthio)picolinaldehyde oxime: A 10-mL pear-shaped flask, 

open to air, with 2-(diethoxymethyl)-4-tert-butylthiopyridine (105 mg, 0.370 mmol) was charged 

with H2O (1 mL) and 5 M H2SO4 in H2O (90 L, 0.44 mmol). The solution was heated to 90 °C 

(external temperature). After stirring at the same temperature for 3 h, the reaction mixture was 

cooled to 23 °C and treated with K2CO3 (205 mg, 1.48 mmol) followed by MeOH (5 mL) and 

NH2OH•HCl (26 mg, 0.37 mmol) at the same temperature. A reflux condenser was attached, and 

the reaction was heated to reflux for 1.5 h while open to air. The reaction mixture was cooled to 

23 °C and concentrated in vacuo. EtOAc (10 mL) was added to the crude residue, followed by 

saturated aqueous NH4Cl (15 mL). The layers were separated using a separatory funnel, and the 

aqueous layer was extracted with EtOAc (2  10 mL). The combined organic layers were dried 

over anhydrous Na2SO4, filtered, and concentrated in vacuo to afford (E)-4-tert-

butylthiopicolinaldehyde oxime (78 mg, quantitative yield) as a peach-colored solid. This material 

was used directly without further purification.  

(E)-4-tert-Butylthiopicolinaldehyde oxime: m.p. = 130–132 °C; Rf = 0.59 (100% EtOAc); 

IR (neat): vmax = 3157, 3057, 2967, 2864, 2740, 1578, 1539, 1456, 1225, 1158, 1114, 1094 cm-1; 
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1H NMR (400 MHz, 293 K, DMSO-d6): 𝛿 11.80 (s, 1H, -CH=NOH), 8.51 (d, J = 5.2 Hz, 1H, 6-

H), 8.09 (s, 1H, -CH=NOH), 7.78 (d, J = 1.6 Hz, 1H, 3-H), 7.43 (dd, J = 5.2, 1.6 Hz, 1H, 5-H), 

1.37 (s, 9H, -SC(CH3)3); 
13C NMR (100 MHz, 293 K, DMSO-d6): 𝛿 152.7, 149.9, 148.9, 145.0, 

128.8, 124.4, 47.5, 31.2; HRMS (ESI+) calcd for C10H15N2OS [M + H]+ =211.0899, found 

211.0897. 

 

 

Preparation of (E)-4-(tert-butylthio)-2-((hydroxyimino)methyl)-1-methylpyridin-1-ium 

iodide (ADG3001): A 35-mL sealed tube with (E)-4-tert-butylthiopicolinaldehyde oxime (150 mg, 

0.710 mmol) was charged with acetone (2 mL), and MeI (430 L, 7.10 mmol). The vessel was 

sealed and heated to 45 °C (external temperature). After 13 h at the same temperature, the reaction 

mixture was cooled to 23 °C, transferred to a 25-mL round-bottomed flask, concentrated in vacuo, 

and recrystallized from EtOH to afford (E)-2-((hydroxyimino)methyl)-1-methyl-4-(tert-

butylthio)pyridin-1-ium iodide as a yellow solid (43.3 mg, 17% yield). 

(E)-4-(tert-Butylthio)-2-((hydroxyimino)methyl)-1-methylpyridin-1-ium iodide: m.p. = 

171–175 °C; Rf = 0.08 (10% MeOH in CH2Cl2); IR (neat): vmax = 3086, 2966, 1547, 1495, 1303, 

1238, 1084 cm-1; 1H NMR (400 MHz, 293 K, DMSO-d6): 𝛿 13.09 (s, 1H, -CH=NOH), 8.65–8.62 

(m, 2H, 6-H and -CH=NOH), 8.08 (app s, 1H, 3-H), 7.98 (app d, J = 4.8 Hz, 1H, 5-H), 4.21 (s, 

3H, -N+CH3), 1.59 (s, 9H, -SC(CH3)3; 
13C NMR (100 MHz, 293 K, DMSO-d6): 𝛿 160.0, 145.9, 

145.3, 142.1, 124.7, 121.7, 49.8, 45.5, 30.4; HRMS (ESI+) calcd for C11H17N2OS [M]+ = 225.1056, 

found 225.1055. 
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Preparation of 2-(diethoxymethyl)-4-(phenylthio)pyridine: A 35-mL sealed tube was 

charged with dimethyl sulfoxide (3 mL), K2CO3 (1.24 g, 9.00 mmol), and thiophenol (930 L, 

9.00 mmol). The mixture was stirred at room temperature for 10 min. 2-(Diethoxymethyl)-4-

nitropyridine (680 mg, 3.00 mmol) was added, and the vessel was sealed and heated to 95 °C 

(external temperature) for 17 h. The reaction mixture was then cooled to 23 °C and neutralized 

with saturated aqueous NH4Cl (10 mL). The resulting solution was extracted with EtOAc (3  20 

mL). The combined organic layers were dried over anhydrous Na2SO4, filtered, and concentrated 

in vacuo. The crude material was combined with another batch (1.0 mmol scale, with respect to 2-

(diethoxymethyl)-4-nitropyridine prepared using the same procedure and purified by flash 

chromatography (0 to 50% EtOAc in hexanes) on silica gel (200 mL) to afford 2-(diethoxymethyl)-

4-(phenylthio)pyridine as a colorless oil (850 mg, 73% combined yield). 

2-(Diethoxymethyl)-4-(phenylthio)pyridine: Rf = 0.55 (60% EtOAc in hexanes); IR (neat): 

vmax = 3052, 2975, 2877, 1575, 1544, 1273, 1231, 1112, 1087, 1056 cm-1; 1H NMR (400 MHz, 

293 K, CDCl3): 𝛿 8.32 (d, J = 5.2 Hz, 1H, 6-H), 7.56–7.54 (m, 2H, -Ph), 7.45–7.44 (m, 3H, -Ph), 

7.32 (d, J = 1.6 Hz, 1H, 3-H), 6.82 (dd, J = 5.2, 1.6 Hz, 1H, 5-H), 5.38 (s, 1H, -CH(OCH2CH3)2), 

3.71–3.53 (m, 4H, -CH(OCH2CH3)2), 1.22 (t, J = 7.2 Hz, 6H, -CH(OCH2CH3)2); 
13C NMR (100 

MHz, 293 K, CDCl3): 𝛿 157.8, 151.0, 148.6, 134.9, 129.7, 129.4, 129.3, 120.1, 117.9, 102.1, 62.0. 

14.9; HRMS (ESI+) calcd for C16H20NO2S [M + H]+ = 290.1209, found 290.1222. 
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Preparation of (E)-4-(phenylthio)picolinaldehyde oxime: A 100-mL pear-shaped flask, 

open to air, with 2-(diethoxymethyl)-4-(phenylthio)pyridine (645 mg, 2.23 mmol) was charged 

with H2O (7 mL) and 5 M H2SO4 in H2O (530 L, 2.67 mmol). The solution was heated to 95 °C 

(external temperature). After stirring at the same temperature for 4 h, the reaction mixture was 

cooled to 23 °C and treated with K2CO3 (1.23 g, 8.92 mmol) followed by MeOH (27 mL) and 

NH2OH•HCl (155 mg, 2.23 mmol) at the same temperature. A reflux condenser was attached, and 

the reaction was heated to reflux while open to air. After 2 h, the reaction mixture was cooled to 

23 °C and concentrated in vacuo. EtOAc (10 mL) was added to the crude residue, followed by 

saturated aqueous NH4Cl (10 mL). The layers were separated using a separatory funnel and the 

aqueous layer was extracted with EtOAc (2  15 mL). The combined organic layers were dried 

over anhydrous Na2SO4, filtered, and concentrated in vacuo. The crude material was purified by 

flash chromatography (10 to 50% EtOAc in hexanes) on silica gel (25 mL) to afford (E)- 4-

(phenylthio)picolinaldehyde oxime (441 mg, 86% yield) as a pale pink solid. 

(E)-4-(Phenylthio)picolinaldehyde oxime: m.p. = 172–175 °C; Rf = 0.38 (60% EtOAc in 

hexanes); IR (neat): vmax = 2982, 2715, 1575, 1537, 1325, 1230, 1116, 1025 cm-1; 1H NMR (400 

MHz, 293 K, DMSO-d6): 𝛿 11.71 (s, 1H, -CH=NOH), 8.37 (d, J = 5.2 Hz, 1H, 6-H), 7.96 (s, 1H, 

-CH=NOH), 7.64–7.62 (m, 2H, -Ph), 7.58–7.55 (m, 3H, -Ph), 7.28 (d, J = 1.6 Hz, 1H, 3-H), 7.11 

(dd, J = 5.2, 1.6 Hz, 1H, 5-H); 13C NMR (100 MHz, 293 K, DMSO-d6): 𝛿 152.7, 150.4, 149.7, 

148.8, 135.5, 130.8, 130.6, 128.6, 121.0, 115.7; HRMS (ESI+) calcd for C12H11N2OS [M + H]+ = 

231.0587, found 231.0589. 
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Preparation of (E)-2-((hydroxyimino)methyl)-1-methyl-4-(phenylthio)pyridin-1-ium 

iodide (ADG3002): A 35-mL sealed tube with (E)-4-(phenylthio)picolinaldehyde oxime (230 mg, 

1.00 mmol) was charged with acetone (2 mL), and MeI (610 L, 10.0 mmol). The vessel was 

sealed and heated to 55 °C (external temperature). After 18 h at the same temperature, the reaction 

mixture was cooled to 23 °C, transferred to a 25-mL round-bottomed flask, concentrated in vacuo, 

and recrystallized from acetone/EtOAc (1:1) to afford (E)-2-((hydroxyimino)methyl)-1-methyl-4-

(phenylthio)pyridin-1-ium iodide as a yellow solid (299 mg, 80% yield). 

(E)-2-(Hydroxyimino)methyl)-1-methyl-4-(phenylthio)pyridin-1-ium iodide: m.p. = 175–

177 °C; Rf = 0.10 (100% EtOAc); IR (neat): vmax = 3067, 2961, 1548, 1495, 1301, 1235, 1081 cm-

1; 1H NMR (400 MHz, 293 K, DMSO-d6): 𝛿 13.02 (s, 1H, -CH=NOH), 8.63 (d, J = 6.8 Hz, 1H, 6-

H), 8.54 (s, 1H, -CH=NOH), 7.72–7.62 (m, 7H, 3-H, 5-H, -Ph), 4.17 (s, 3H, -N+CH3); 
13C NMR 

(100 MHz, 293 K, DMSO-d6): 𝛿 161.8, 146.6, 145.5, 141.8, 135.9, 132.1, 131.5, 126.1, 122.4, 

118.5, 45.4; HRMS (ESI+) calcd for C13H13N2OS [M]+ = 245.0743, found 245.0733. 

 

 

Preparation of 2-(diethoxymethyl)-4-phenoxypyridine: A 35-mL sealed tube was charged 

with dimethyl sulfoxide (3 mL), K2CO3 (1.24 g, 9.00 mmol), and phenol (847 mg, 9.00 mmol). 
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The mixture was stirred at room temperature for 30 min. 2-(Diethoxymethyl)-4-nitropyridine (680 

mg, 3.00 mmol) was added, and the vessel was sealed and heated to 85 °C (external temperature) 

for 6 h. The reaction mixture was then cooled to 23 °C and neutralized with saturated aqueous 

NH4Cl (20 mL). The resulting solution was extracted with EtOAc (3  20 mL). The combined 

organic layers were dried over anhydrous Na2SO4, filtered, and concentrated in vacuo. The crude 

material was combined with another batch (1.0 mmol scale, with respect to 2-(diethoxymethyl)-4-

nitropyridine prepared using the same procedure and purified by flash chromatography (0 to 40% 

EtOAc in hexanes) on silica gel (200 mL) to afford 2-(diethoxymethyl)-4-phenoxypyridine as an 

orange oil (991 mg, 91% yield). 

2-(Diethoxymethyl)-4-phenoxypyridine: Rf = 0.55 (60% EtOAc in hexanes); IR (neat): vmax 

= 2976, 2880, 1582, 1287, 1257, 1209, 1152, 1109, 1057 cm-1; 1H NMR (400 MHz, 293 K, 

CDCl3): 𝛿 8.43 (d, J = 5.6 Hz, 1H, 6-H), 7.42 (t, J = 7.6 Hz, 2H, -Ph), 7.27–7.22 (m, 1H, - Ph), 

7.17 (d, J = 2.0 Hz, 1H, 3-H), 7.09 (d, J = 7.6 Hz, 2H, -Ph), 6.75 (dd, J = 5.6, 2.0 Hz, 1H, 5-H), 

5.42 (s, 1H, -CH(OCH2CH3)2), 3.74–3.56 (m, 4H, -CH(OCH2CH3)2), 1.24 (t, J = 7.2 Hz, 6H, -

CH(OCH2CH3)2); 
13C NMR (100 MHz, 293 K, CDCl3): 𝛿 165.5, 160.4, 153.9, 150.5, 130.0, 125.2, 

120.3, 62.2, 15.0; HRMS (ESI+) calcd for C16H20NO3 [M + H]+ = 274.1438, found 274.1446. 

 

 

Preparation of (E)-4-phenoxypicolinaldehyde oxime: A 100-mL pear-shaped flask, open 

to air, with 2-(diethoxymethyl)-4-phenoxypyridine (683 mg, 2.50 mmol) was charged with H2O 

(7 mL) and 5 M H2SO4 in H2O (600 L, 2.75 mmol). The solution was heated to 94 °C (external 
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temperature). After stirring at the same temperature for 6 h, the reaction mixture was cooled to 23 

°C and treated with K2CO3 (1.38 g, 10.0 mmol) followed by MeOH (27 mL) and NH2OH•HCl 

(174 mg, 2.50 mmol) at the same temperature. A reflux condenser was attached, and the reaction 

was heated to reflux while open to air. After 2 h, the reaction mixture was cooled to 23 °C and 

concentrated in vacuo. EtOAc (10 mL) was added to the crude residue, followed by saturated 

aqueous NH4Cl (10 mL). The layers were separated using a separatory funnel, and the aqueous 

layer was extracted with EtOAc (2  10 mL). The combined organic layers were dried over 

anhydrous Na2SO4, filtered, and concentrated in vacuo. The crude residue was purified by flash 

chromatography (10 to 50% EtOAc in hexanes) on silica gel (20 mL) to afford to afford (E)-4-

phenoxypicolinaldehyde oxime (505 mg, 94% yield) as a white solid. 

(E)-4-Phenoxypicolinaldehyde oxime: m.p. = 133–135 °C; Rf = 0.44 (60% EtOAc in 

hexanes); IR (neat): vmax = 2982, 1564, 1489, 1406, 1316, 1271, 1200 cm-1; 1H NMR (400 MHz, 

293 K, DMSO-d6): 𝛿 11.70 (s, 1H, -CH=NOH), 8.46 (d, J = 5.6 Hz, 1H, 6-H), 8.02 (s, 1H, -

CH=NOH), 7.51 (t, J = 8.0 Hz, 1H, -Ph), 7.33 (t, J = 8.0 Hz, 1H, -Ph), 7.22 (d, J = 8.0 Hz, 1H, -

Ph), 7.13 (d, J = 2.4 Hz, 1H, 3-H), 6.99 (dd, J = 5.6, 2.4 Hz, 1H, 5-H); 13C NMR (100 MHz, 293 

K, DMSO-d6): 𝛿 164.6, 154.2, 153.3, 151.3, 148.4, 130.5, 125.8, 121.0, 112.6, 106.2; HRMS 

(ESI+) calcd for C12H11N2O2 [M + H]+ = 215.0815, found 215.0817. 

 

 

Preparation of (E)-2-((hydroxyimino)methyl)-1-methyl-4-phenoxypyridin-1-ium iodide 

(ADG3003): A 35-mL sealed tube with (E)-4-phenoxypicolinaldehyde oxime (102 mg, 0.510 
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mmol) was charged with acetone (2 mL), and MeI (318 L, 5.14 mmol). The vessel was sealed 

and heated to 45 °C (external temperature). After 19 h at the same temperature, the reaction mixture 

was cooled to 23 °C, transferred to a 25-mL round-bottomed flask, and concentrated in vacuo. The 

dark brown crude residue was triturated with acetone/EtOAc (1:1) to afford (E)-2-

((hydroxyimino)methyl)-1-methyl-4-phenoxypyridin-1-ium iodide as a yellow solid (119 mg, 

66% yield). 

(E)-2-((Hydroxyimino)methyl)-1-methyl-4-phenoxypyridin-1-ium iodide: m.p. = 147–150 

°C; Rf = 0.10 (100% EtOAc); IR (neat): vmax = 3052, 2164, 1584, 1485, 1301, 1261, 1072 cm-1; 1H 

NMR (300 MHz, 293 K, DMSO-d6): 𝛿 13.05 (s, 1H, -CH=NOH), 8.83 (d, J = 7.2 Hz, 1H, 6-H), 

8.59 (s, 1H, -CH=NOH), 7.63–7.58 (m, 3H, -Ar), 7.52–7.43 (m, 3H, -Ar), 7.35 (d, J = 7.8 Hz, 2H, 

-Ph), 4.23 (s, 3H, -N+CH3); 
13C NMR (100 MHz, 293 K, DMSO-d6): 𝛿 169.0, 152.4, 150.0, 149.2, 

141.8, 131.5, 127.9, 121.4, 115.1, 110.2, 45.2; HRMS (ESI+) calcd for C13H13N2O2 [M]+ = 

229.0971, found 229.0970. 

 

 

Preparation of 4-bromo-2-methylpyridine 1-oxide: 4-Bromo-2-methylpyridine 1-oxide 

was prepared according to a procedure found in the literature.99 A 1-L round-bottomed flask was 

charged with 4-bromo-2-methylpyridine (31.0 g, 180 mmol) at 0 °C under an open atmosphere. 

Aqueous 0.6 M K2CO3 (90 mL), t-BuOH (90 mL), MeCN (14.0 mL, 270 mmol), 30% aqueous 

H2O2 (108 mL, 900 mmol), and 2,2,2-trifluoroacetophenone (2.5 mL, 18 mmol) were added 

sequentially in one portion. The reaction mixture was stirred under open atmosphere for 22 h and 

was allowed to warm to 23 °C. After this period, brine (100 mL) was added, and reaction mixture 
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was extracted with CH2Cl2 (6  100 mL) using a separatory funnel. The combined organic layers 

were dried over anhydrous Na2SO4, filtered, and concentrated in vacuo. The crude residue was 

purified by flash chromatography (60 to 100% EtOAc in hexanes) on silica gel (200 mL) to afford 

4-bromo-2-methylpyridine 1-oxide (12.43 g, 37% yield) as a pale yellow oil .  

4-Bromo-2-methylpyridine 1-oxide: 1H NMR (300 MHz, 293 K, CDCl3) δ 8.14 (d, J = 6.9 

Hz, 1H, 6-H), 7.43 (d, J = 2.4 Hz, 1H, 3-H), 7.29 (dd, J = 6.9, 2.4 Hz, 1H, 5-H), 2.50 (s, 3H). The 

1H NMR data for 4-bromo-2-methylpyridine 1-oxide was consistent with those in the literature.149  

 

 

Preparation of (4-bromopyridin-2-yl)methanol: A 1-L round-bottomed flask with 4-

bromo-2-methylpyridine 1-oxide (19.7 g, 104 mmol) was evacuated and refilled with nitrogen gas 

three times and charged with CH2Cl2 (140 mL) at 0 °C. TFAA (44.0 mL, 313 mmol) in CH2Cl2 

(140 mL) was added. The reaction mixture was allowed to warm to 23 °C and was stirred for 42 

h. After this period, the reaction mixture was cooled to 0 °C. Then, t-BuOH (60 mL) and saturated 

aqueous K2CO3 (60 mL) were added to the reaction mixture. The resulting mixture was stirred for 

24 h and gradually warmed to 23 °C. The mixture was extracted with CH2Cl2 (4  125 mL) using 

a separatory funnel. The combined organic layers were dried over anhydrous Na2SO4, filtered, and 

concentrated in vacuo to afford (4-bromopyridin-2-yl)methanol (20.4 g, quantitative yield) as an 

amber oil. This material was used directly without further purification. 

(4-Bromopyridin-2-yl)methanol: 1H NMR (300 MHz, 293 K, 1% w/w CD3OD in CDCl3) 

δ 8.31 (d, J = 5.4 Hz, 1H, 6-H), 7.57 (d, J = 1.5 Hz, 1H, 3-H), 7.37 (dd, J = 5.4 1.5 Hz, 1H, 5-H), 
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4.73 (s, 2H, -CH2OH). The 1H NMR data for (4-bromopyridin-2-yl)methanol was consistent with 

those in the literature.150  

 

 

Preparation of 4-bromopicolinaldehyde: A 1-L round bottomed flask with a reflux 

condenser was evacuated and refilled with nitrogen gas three times, and (4-bromopyridin-2-

yl)methanol (20.4 g, 108 mmol), DCE (450 mL), and MnO2 (42.3 g, 487 mmol) were added 

consecutively. The mixture was heated to reflux. After 17 h, the reaction mixture was cooled to 23 

°C, filtered through Celite, washed with EtOAc, and concentrated in vacuo. The crude residue 

was purified by flash chromatography (20 to 40% EtOAc in hexanes) on silica gel (300 mL) to 

afford 4-bromopicolinaldehyde (10.9 g, 54% yield) as a red solid. 

4-Bromopicolinaldehyde: 1H NMR (400 MHz, 293 K, CDCl3): 𝛿 = 10.03 (s, 1H, CHO), 

8.60 (d, J = 5.2 Hz, 1H, 6-H), 8.10 (d, J = 1.2 Hz, 1H, 3-H), 7.69 (dd, J = 5.2, 1.2 Hz, 1H, 5-H). 

The 1H NMR data for 4-bromopicolinaldehyde was consistent with those in the literature.151 

 

 

Preparation of 4-bromo-2-(dimethoxymethyl)pyridine: A 250-mL round-bottom flask with 

4-bromopicolinaldehyde (10.9 g, 58.1 mmol) was charged with MeOH (80 mL) and 7.0 M H2SO4 

in MeOH (9.13 mL, 63.9 mmol). A reflux condenser was attached, and the solution was heated to 

reflux open to air. After 5 h, the reaction mixture was cooled to 23 °C and quenched with saturated 

aqueous NaHCO3 (75 mL). The organic solvent was removed in vacuo, and the aqueous layer was 
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extracted with CH2Cl2 (2  75 mL) using a separatory funnel. The combined organic layers were 

dried over anhydrous Na2SO4, filtered, and concentrated in vacuo. The crude residue was purified 

by flash chromatography (20 to 50% EtOAc in hexanes) on silica gel (400 mL) to afford 4-bromo-

2-(dimethoxymethyl)pyridine (9.77 g, 73% yield) as an amber oil.  

4-Bromo-2-(dimethoxymethyl)pyridine: 1H NMR (400 MHz, 293 K, CDCl3) δ 8.44 (d, J = 

5.2 Hz, 1H, 6-H), 7.74 (d, J = 2.0 Hz, 1H, 3-H), 7.42 (dd, J = 5.2, 2.0 Hz, 1H, 5-H), 5.36 (s, 1H, -

CH(OCH3)2), 3.41 (s, 6H, -CH(OCH3)2). The 1H NMR data for 4-bromo-2-

(dimethoxymethyl)pyridine was consistent with those in the literature.152 

 

 

Preparation of (2-(dimethoxymethyl)pyridin-4-yl)(phenyl)methanol: A 100-mL flame-

dried, round-bottom flask with 4-bromo-2-(dimethoxymethyl)pyridine (1.62 g, 7.00 mmol) was 

evacuated and refilled with nitrogen gas three times and charged with THF (30 mL) and 

isopropylmagnesium chloride (2.0 M in THF, 3.5 mL). After stirring for 8 h, benzaldehyde (0.71 

mL, 7.0 mmol) was added to the reaction mixture. The crude material was purified by flash 

chromatography (50 to 100% EtOAc in hexanes) on silica gel (90 mL) to afford (2-

(dimethoxymethyl)pyridin-4-yl)(phenyl)methanol (596 mg, 33% yield) as a light orange solid. 

2-(Diethoxymethyl)-4-(phenylsulfonyl)pyridine: m.p. = 87–90 °C; Rf = 0.15 (60% EtOAc 

in hexanes); IR (neat): vmax = 3167, 2942, 2834, 1736, 1607, 1456, 1368, 1250, 1149, 1114, 1026, 

983 cm-1; 1H NMR (300 MHz, 293 K, DMSO-d6): 𝛿 8.45 (d, J = 4.8 Hz, 1H, 6-H), 7.51 (s, 1H, 3-

H), 7.39–7.30 (m, 5H, -Ar), 7.64 (t, J = 6.9 Hz, 1H, -Ph), 6.15 (d, J = 3.9 Hz, 1H, -CHOH), 5.75 
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(d, J = 3.9 Hz, 1H, -CHOH), 5.25 (s, 1H, -CH(OCH3)2), 3.28 (s, 6H, -CH(OCH3)2); 
13C NMR (75 

MHz, 293 K, DMSO-d6): 𝛿 157.45, 155.3, 149.1, 144.8, 128.8, 127.8, 126.9, 121.6, 118.4, 104.6, 

73.6, 54.0, 53.9; HRMS (ESI+) calcd for C15H18NO3 [M + H]+ = 260.1281, found 260.1285. 

 

 

Preparation of (E)-4-(hydroxy(phenyl)methyl)picolinaldehyde oxime: A 50-mL pear-

shaped flask, open to air, with (2-(dimethoxymethyl)pyridin-4-yl)(phenyl)methanol (478 mg, 1.84 

mmol) was charged with H2O (4 mL) and 5 M H2SO4 in H2O (440 L, 2.21 mmol). The solution 

was heated to 95 °C (external temperature). After stirring at the same temperature for 4 h, the 

reaction mixture was cooled to 23 °C and treated with K2CO3 (1.01 g, 7.36 mmol) followed by 

MeOH (10 mL) and NH2OH•HCl (127 mg, 1.84 mmol) at the same temperature. A reflux 

condenser was attached, and the reaction was heated to reflux while open to air. After 5 h, the 

reaction mixture was cooled to 23 °C and concentrated in vacuo. EtOAc (20 mL) was added to the 

crude residue, followed by saturated aqueous NH4Cl (25 mL). The layers were separated using a 

separatory funnel and the aqueous layer was extracted with EtOAc (2  20 mL). The combined 

organic layers were dried over anhydrous Na2SO4, filtered, and concentrated in vacuo to afford 

(E)-4-(hydroxy(phenyl)methyl)picolinaldehyde oxime (396 mg, 95% yield) as a pale yellow solid. 

(E)-4-(Phenylsulfonyl)picolinaldehyde oxime: m.p. = 157–160 °C; Rf = 0.46 (100% 

EtOAc); IR (neat): vmax = 3409, 2972, 2873, 2563, 1771, 1599, 1561, 1523, 1492, 1451, 1422, 

1336, 1248, 1177, 1049, 963 cm-1; 1H NMR (400 MHz, 293 K, DMSO-d6): 𝛿 11.62 (s, 1H, -

CH=NOH), 8.47 (d, J = 4.8 Hz, 1H, 6-H), 8.03 (s, 1H, -CH=NOH), 7.78 (br s, 1H, 3-H), 7.40–
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7.22 (m, 6H, -Ar), 6.18 (d, J = 3.6 Hz, 1H, CHOH), 5.74 (d, J = 3.6 Hz, 1H, CHOH); 13C NMR 

(100 MHz, 293 K, DMSO-d6): 𝛿 155.2, 152.5, 149.7, 149.4, 144.7, 128.8, 127.8, 126.9, 121.9, 

117.3, 73.4; HRMS (ESI+) calcd for C13H13N2O2 [M + H]+ = 229.0972, found 229.0973. 

 

 

Preparation of (E)-4-(hydroxy(phenyl)methyl)-2-((hydroxyimino)methyl)-1-

methylpyridin-1-ium iodide (ADG3230): A 35-mL sealed tube with (E)-4-

(hydroxy(phenyl)methyl)picolinaldehyde oxime (29 mg, 0.13 mmol) was charged with acetone (2 

mL), and MeI (80 L, 1.3 mmol). The vessel was sealed and heated to 55 °C (external 

temperature). After 19.5 h at the same temperature, the reaction mixture was cooled to 23 °C, 

transferred to a 25-mL round-bottomed flask, and concentrated in vacuo. The crude residue was 

dry-loaded and purified by flash chromatography (10 to 50% MeOH in CH2Cl2) on silica gel (10 

mL) to afford (E)-4-(hydroxy(phenyl)methyl)-2-((hydroxyimino)methyl)-1-methylpyridin-1-ium 

iodide as a brown solid (23 mg, 44% yield). 

(E)-4-(hydroxy(phenyl)methyl)-2-((hydroxyimino)methyl)-1-methylpyridin-1-ium iodide: 

m.p. = 73–75 °C; Rf = 0.08 (100% EtOAc); IR (neat): vmax = 3149, 2981, 1699, 1637, 1595, 1570, 

1509, 1491, 1449, 1299, 1180, 1049, 1001 cm-1; 1H NMR (500 MHz, 293 K, DMSO-d6): 𝛿 13.07 

(s, 1H, -CH=NOH), 8.85 (d, J = 6.5 Hz, 1H, 6-H), 8.63 (s, 1H, -CH=NOH), 8.33 (d, J = 2.0 Hz, 

1H, 3-H), 8.02 (dd, J = 6.5, 2.0 Hz, 1H, 5-H), 7.45 (d, J = 7.0 Hz, 2H, -Ph), 7.37 (app t, J = 7.0 

Hz, 2H, -Ph), 7.29 (app t, J = 7.0 Hz, 1H, -Ph), 6.69 (d, J = 4.0 Hz, 1H, CHOH), 6.05 (d, J = 4.0 

Hz, 1H, CHOH), 4.27 (s, 3H, -N+CH3); 
13C NMR (100 MHz, 293 K, DMSO-d6): 𝛿 163.5, 147.7, 
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146.9, 143.0, 142.2, 129.2, 128.5, 127.2, 124.3, 121.3, 72.8, 46.0; HRMS (ESI+) calcd for 

C14H15N2O2 [M]+ = 243.1128, found 243.1129. 

 

 

Preparation of 2-(diethoxymethyl)-4-(phenylsulfinyl)pyridine: A 500-mL round-bottom 

flask with an attached addition funnel was charged with 2-(diethoxymethyl)-4-

(phenylthio)pyridine (1.30 g, 4.50 mmol) and CH2Cl2 (100 mL). The flask was cooled with an ice 

bath. A solution of mCPBA (1.15 g, 4.50 mmol) in CH2Cl2 (75 mL) was added to the reaction 

mixture via addition funnel over 50 min. The reaction mixture was gradually warmed to 23 °C. 

After stirring for 24 h, K2CO3 (623 mg, 4.50 mmol) and H2O (100 mL) were added to the reaction 

mixture. The resulting solution was extracted with CH2Cl2 (2  75 mL). The combined organic 

layers were dried over anhydrous Na2SO4, filtered, and concentrated in vacuo. The crude material 

was purified by flash chromatography (20 to 70% EtOAc in hexanes) on silica gel (100 mL) to 

afford 2-(diethoxymethyl)-4-(phenylsulfinyl)pyridine as a white solid (1.14 g, 83% yield). 

2-(Diethoxymethyl)-4-(phenylsulfinyl)pyridine: m.p. = 59–61 °C; Rf = 0.32 (60% EtOAc in 

hexanes); IR (neat): vmax = 3042, 2972, 2928, 2879, 1577, 1446, 1344, 1283, 1234, 1109, 1091, 

1063, 1048, 1012, 977 cm-1; 1H NMR (300 MHz, 293 K, CDCl3): 𝛿 8.32 (d, J = 5.1 Hz, 1H, 6-H), 

7.78 (d, J = 0.9 Hz, 1H, 3-H), 7.79–7.64 (m, 2H, -Ph), 7.52–7.46 (m, 4H, -Ph), 5.46 (s, 1H, -

CH(OCH2CH3)2), 3.71–3.48 (m, 4H, -CH(OCH2CH3)2), 1.25–1.16 (m, 6H, -CH(OCH2CH3)2); 
13C 

NMR (75 MHz, 293 K, CDCl3): 𝛿 159.4, 156.5, 149.7, 144.2, 131.8, 129.6, 124.8, 117.7, 115.9, 

101.7, 62.2, 15.1; HRMS (ESI+) calcd for C16H20NO3S [M + H]+ = 306.1158, found 306.1155. 
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Preparation of (E)-4-(phenylsulfinyl)picolinaldehyde oxime: A 100-mL pear-shaped flask, 

open to air, with 2-(diethoxymethyl)-4-(phenylsulfinyl)pyridine (641 mg, 2.10 mmol) was charged 

with H2O (10 mL) and 5 M H2SO4 in H2O (460 L, 2.31 mmol). The solution was heated to 95 °C 

(external temperature). After stirring at the same temperature for 4.5 h, the reaction mixture was 

cooled to 23 °C and treated with K2CO3 (1.16 g, 8.40 mmol) followed by MeOH (25 mL) and 

NH2OH•HCl (146 mg, 2.10 mmol) at the same temperature. A reflux condenser was attached, and 

the reaction was heated to reflux while open to air. After 3 h, the reaction mixture was cooled to 

23 °C and concentrated in vacuo. EtOAc (20 mL) was added to the crude residue, followed by 

saturated aqueous NH4Cl (30 mL). The layers were separated using a separatory funnel and the 

aqueous layer was extracted with EtOAc (2  10 mL). The combined organic layers were dried 

over anhydrous Na2SO4, filtered, and concentrated in vacuo to afford (E)-4-

(phenylsulfinyl)picolinaldehyde oxime (385 mg, 74% yield) as an ivory solid. 

(E)-4-(Phenylsulfinyl)picolinaldehyde oxime: m.p. = 140–142 °C; Rf = 0.30 (60% EtOAc 

in hexanes); IR (neat): vmax = 3159, 3056, 2981, 2855, 2746, 1576, 1550, 1507, 1473, 1442, 1392, 

1319, 1272, 1240, 1223, 1156, 1094, 1074, 1055, 996 cm-1; 1H NMR (400 MHz, 293 K, DMSO-

d6): 𝛿 11.92 (s, 1H, -CH=NOH), 8.68 (d, J = 5.2 Hz, 1H, 6-H), 8.01 (s, 1H, -CH=NOH), 8.68 (d, 

J = 1.2 Hz, 1H, 3-H), 7.82–7.80 (m, 2H, -Ph), 7.68 (dd, J = 5.2, 1.2 Hz, 1H, 5-H), 7.58–7.56 (m, 

3H, -Ph); 13C NMR (75 MHz, 293 K, DMSO-d6): 𝛿 157.1, 153.6, 150.8, 148.6, 144.9, 132.4, 130.3, 

124.9, 118.7, 113.9; HRMS (ESI+) calcd for C12H11N2O2S [M + H]+ = 247.0535, found 247.0538. 
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Preparation of 2-(diethoxymethyl)-4-(phenylsulfonyl)pyridine: A 500-mL round-bottom 

flask with an attached addition funnel was charged with 2-(diethoxymethyl)-4-

(phenylthio)pyridine (1.30 g, 4.50 mmol) and CH2Cl2 (100 mL). The flask was cooled with an ice 

bath. A solution of mCPBA (2.30 g, 9.00 mmol) in CH2Cl2 (150 mL) was added to the reaction 

mixture via addition funnel over 1.5 h. The reaction mixture was gradually warmed to 23 °C. After 

stirring for 17.5 h, K2CO3 (1.24 mg, 9.00 mmol) and H2O (100 mL) were added to the reaction 

mixture. The resulting solution was extracted with CH2Cl2 (2  75 mL). The combined organic 

layers were dried over anhydrous Na2SO4, filtered, and concentrated in vacuo. The crude material 

was purified by flash chromatography (20 to 60% EtOAc in hexanes) on silica gel (125 mL) to 

afford 2-(diethoxymethyl)-4-(phenylsulfonyl)pyridine as a white solid (970 mg, 67% yield). 

2-(Diethoxymethyl)-4-(phenylsulfonyl)pyridine: m.p. = 52–54 °C; Rf = 0.65 (100% 

EtOAc); IR (neat): vmax = 3076, 2982, 2913, 2882, 1582, 1476, 1445, 1392, 1368, 1341, 1324, 

1305, 1289, 1269, 1223, 1150, 1115, 1101, 1089, 1048, 1005 cm-1; 1H NMR (400 MHz, 293 K, 

CDCl3): 𝛿 8.32 (d, J = 4.8 Hz, 1H, 6-H), 8.07 (d, J = 1.2 Hz, 1H, 3-H), 7.99–7.97 (m, 2H, -Ph), 

7.71 (dd, J = 4.8, 1.2 Hz, 1H, 5-H), 7.64 (t, J = 7.6 Hz, 1H, -Ph), 7.55 (t, J = 7.6 Hz, 2H, -Ph), 5.50 

(s, 1H, -CH(OCH2CH3)2), 3.73–3.58 (m, 4H, -CH(OCH2CH3)2), 1.25 (t, J = 7.2 Hz 6H, -

CH(OCH2CH3)2); 
13C NMR (100 MHz, 293 K, CDCl3): 𝛿 160.6, 150.5, 150.3, 139.7, 134.0, 129.5, 

128.1, 120.2, 118.2, 101.6, 62.5, 15.1; HRMS (ESI+) calcd for C16H20NO4S [M + H]+ = 322.1108, 

found 322.1120. 
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Preparation of (E)-4-(phenylsulfonyl)picolinaldehyde oxime: A 100-mL pear-shaped flask, 

open to air, with 2-(diethoxymethyl)-4-(phenylsulfonyl)pyridine (430 mg, 1.33 mmol) was 

charged with H2O (6 mL) and 5 M H2SO4 in H2O (290 L, 1.47 mmol). The solution was heated 

to 75 °C (external temperature). After stirring at the same temperature for 23 h, the reaction mixture 

was cooled to 23 °C and treated with K2CO3 (735 mg, 5.32 mmol) followed by MeOH (16 mL) 

and NH2OH•HCl (92 mg, 1.3 mmol) at the same temperature. A reflux condenser was attached, 

and the reaction was heated to reflux while open to air. After 3.5 h, the reaction mixture was cooled 

to 23 °C and concentrated in vacuo. EtOAc (25 mL) was added to the crude residue, followed by 

saturated aqueous NH4Cl (25 mL). The layers were separated using a separatory funnel and the 

aqueous layer was extracted with EtOAc (2  20 mL). The combined organic layers were dried 

over anhydrous Na2SO4, filtered, and concentrated in vacuo to afford (E)-4-

(phenylsulfonyl)picolinaldehyde oxime (234 mg, 89% yield) as a yellow solid. 

(E)-4-(Phenylsulfonyl)picolinaldehyde oxime: m.p. = 184–185 °C; Rf = 0.50 (60% EtOAc 

in hexanes); IR (neat): vmax = 3170, 3080, 3009, 2980, 2883, 2804, 2771, 1734, 1581, 1552, 1498, 

1463, 1446, 1394, 1327, 1275, 1233, 1180, 1153, 1099, 1023, 985 cm-1; 1H NMR (400 MHz, 293 

K, DMSO-d6): 𝛿 12.06 (s, 1H, -CH=NOH), 8.68 (d, J = 5.2 Hz, 1H, 6-H), 8.17 (s, 1H, -CH=NOH), 

8.11 (br s, 1H, 3-H), 8.04 (d, J = 7.6 Hz, 2H, -Ph), 7.89 (dd, J = 5.2, 1.6 Hz, 1H, 5-H), 7.78 (d, J 

= 7.2 Hz, 1H, -Ph), 7.68 (t, J = 7.6 Hz, 2H, -Ph); 13C NMR (100 MHz, 293 K, DMSO-d6): 𝛿 154.5, 
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152.0, 150.2, 148.2, 139.3, 135.2, 130.5, 128.4, 120.6, 116.4; HRMS (ESI+) calcd for 

C12H11N2O3S [M + H]+ = 263.0485, found 263.0489. 

 

 

Preparation of 2-(diethoxymethyl)-4-(2-fluorophenoxy)pyridine: A 75-mL sealed tube was 

charged with dimethyl sulfoxide (6 mL), K2CO3 (1.32 g, 9.00 mmol), and 2-fluorophenol (810 L, 

9.00 mmol). The mixture was stirred at room temperature for 5 min. 2-(Diethoxymethyl)-4-

nitropyridine (680 mg, 3.00 mmol) was added, the vessel was sealed and heated to 95 °C (external 

temperature) for 5 h. The reaction mixture was cooled to 23 °C and acidified with saturated 

aqueous NH4Cl (30 mL). The resulting solution was extracted with EtOAc (3  15 mL). The 

combined organic layers were dried over anhydrous Na2SO4, filtered, and concentrated in vacuo. 

The crude material was purified by flash chromatography (0 to 50% EtOAc in hexanes) on silica 

gel (85 mL) to afford 2-(diethoxymethyl)-4-(2-fluorophenoxy)pyridine as a yellow oil (425 mg, 

49% yield). 

2-(Diethoxymethyl)-4-(2-fluorophenoxy)pyridine: Rf = 0.51 (60% EtOAc in hexanes); IR 

(neat): vmax = 2979, 2884, 1587, 1573, 1289, 1263, 1194, 1158, 1104, 1057, 1027 cm-1; 1H NMR 

(400 MHz, 293 K, CDCl3): 𝛿 8.45 (d, J = 5.6 Hz, 1H, 6-H), 7.25–7.16 (m, 5H, -Ar), 6.75 (dd, J = 

5.6, 2.8 Hz, 1H, 5-H), 5.43 (s, 1H, -CH(OCH2CH3)2), 3.74–3.56 (m, 4H, -CH(OCH2CH3)2) 1.23 

(t, J = 7.2 Hz, 6H, -CH(OCH2CH3)2); 
13C NMR (100 MHz, 293 K, CDCl3): 𝛿 164.8, 160.5, 154.4 

(d, J = 248 Hz), 150.5, 140.7 (d, J = 12 Hz), 126.6 (d, J = 7 Hz), 124.9 (d, J = 4 Hz), 123.3, 117.2 
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(d, J = 18 Hz), 110.6, 108.4, 102.2, 62.2, 14.9; HRMS (ESI+) calcd for C16H19FNO3 [M + H]+ = 

292.1343, found 292.1343. 

 

 

Preparation of (E)-4-(2-fluorophenoxy)picolinaldehyde oxime: A 50-mL pear-shaped flask 

open to air with 2-(diethoxymethyl)-4-(2-fluorophenoxy)pyridine (230 mg, 0.790 mmol) was 

charged with H2O (3 mL) and 5 M H2SO4 in H2O (170 L, 0.860 mmol). The solution was heated 

to 85 °C (external temperature). After stirring at the same temperature for 3 h, the reaction mixture 

was cooled to 23 °C and treated with K2CO3 (442 mg, 3.16 mmol) followed by MeOH (11 mL) 

and NH2OH•HCl (57 mg, 0.82 mmol) at the same temperature. A reflux condenser was attached, 

and the reaction was heated to reflux while open to air. After 2 h, the reaction mixture was cooled 

to 23 °C and concentrated in vacuo. EtOAc (10 mL) was added to the crude residue, followed by 

saturated aqueous NH4Cl (20 mL). The layers were separated using a separatory funnel and the 

aqueous layer was extracted with EtOAc (2  10 mL). The combined organic layers were dried 

over anhydrous Na2SO4, filtered, and concentrated in vacuo to afford (E)-4-(2-

fluorophenoxy)picolinaldehyde oxime (170 mg, 93% yield) as a white solid. This material was 

used directly without further purification.  

(E)-4-(2-Fluorophenoxy)picolinaldehyde oxime: m.p. = 131–135 °C; Rf = 0.36 (60% 

EtOAc in hexanes); IR (neat): vmax = 2982, 1588, 1423, 1298, 1260, 1191, 1102 cm-1; 1H NMR 

(400 MHz, 293 K, DMSO-d6): 𝛿 11.73 (s, 1H, -CH=NOH), 8.48 (d, J = 5.6 Hz, 1H, 6-H), 8.03 (s, 

1H, -CH=NOH), 7.51–7.31 (m, 4H, -Ph), 7.13 (d, J = 2.4 Hz, 1H, 3-H), 7.02 (dd, J = 5.6, 2.4 Hz, 
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1H, 5-H); 13C NMR (100 MHz, 293 K, DMSO-d6): 𝛿 164.6, 154.9, 154.4 (d, J = 246 Hz), 151.9, 

148.8, 140.4 (d, J = 12 Hz), 128.2 (d, J = 7 Hz), 126.5 (d, J = 4 Hz), 124.4, 118.0 (d, J = 18 Hz), 

112.3, 105.8; HRMS (ESI+) calcd for C12H10FN2O2 [M + H]+ = 233.0721, found 233.0721. 

 

 

Preparation of (E)-2-((hydroxyimino)methyl)-1-methyl-4-(2-fluorophenoxy)pyridin-1-ium 

iodide (ADG3124): A 35-mL sealed tube with (E)-4-(2-fluorophenoxy)picolinaldehyde oxime (70 

mg, 0.30 mmol) was charged with acetone (1 mL) and MeI (180 L, 3.00 mmol). The vessel was 

sealed and heated to 58 °C (external temperature). After 17 h at the same temperature, the reaction 

mixture was cooled to 23 °C, transferred to a 25-mL round-bottomed flask, concentrated in vacuo, 

and recrystallized from acetone/EtOAc (1:1) to afford (E)-2-((hydroxyimino)methyl)-1-methyl-4-

(2-fluorophenoxy)pyridin-1-ium iodide as a yellow solid (35 mg, 32% yield). 

(E)-2-((Hydroxyimino)methyl)-1-methyl-4-(2-fluorophenoxy)pyridin-1-ium iodide: m.p. = 

160–162 °C; Rf = 0.11 (10% MeOH in CH2Cl2); IR (neat): vmax = 3035, 2962, 1644, 1587, 1514, 

1481, 1445, 1333, 1315, 1306, 1262, 1202, 1158, 1145, 1111, 1071, 1009 cm-1; 1H NMR (300 

MHz, 293 K, CD3OD): 𝛿 8.72 (d, J = 7.2 Hz, 1H, 6-H), 8.57 (s, 1H, -CH=NOH), 7.75 (d, J = 3.0 

Hz, 1H, 3-H), 7.52–7.36 (m, 5H, 5-H and -Ph), 4.28 (s, 3H, -N+CH3); 
13C NMR (100 MHz, 293 

K, CD3OD): 𝛿 170.2, 155.1 (d, J = 248 Hz), 151.9, 150.1, 141.7, 140.5 (d, J = 12 Hz), 130.4 (d, J 

= 7 Hz), 127.3 (d, J = 5 Hz), 124.5, 118.9 (d, J = 17 Hz), 114.9, 111.9, 45.9; HRMS (ESI+) calcd 

for C12H10N2O2F [M]+ = 247.0877, found 247.0875. 
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Preparation of 2-(diethoxymethyl)-4-(3-fluorophenoxy)pyridine: A 75-mL sealed tube was 

charged with dimethyl sulfoxide (6 mL), K2CO3 (1.26 g, 9.00 mmol), and 3-fluorophenol (810 L, 

9.00 mmol). The mixture was stirred at room temperature for 30 min. 2-(Diethoxymethyl)-4-

nitropyridine (680 mg, 3.00 mmol) was added, the vessel was sealed and heated to 90 °C (external 

temperature) for 5 h. The reaction mixture was cooled to 23 °C and acidified with saturated 

aqueous NH4Cl (25 mL). The resulting solution was layers was extracted with EtOAc (3  20 mL). 

The combined organic layers were dried over anhydrous Na2SO4, filtered, and concentrated in 

vacuo. The crude material was purified by flash chromatography (0 to 50% EtOAc in hexanes) on 

silica gel (100 mL) to afford 2-(diethoxymethyl)-4-(3-fluorophenoxy)pyridine as a brown oil (194 

mg, 22% yield). 

2-(Diethoxymethyl)-4-(3-fluorophenoxy)pyridine: Rf = 0.50 (60% EtOAc in hexanes); IR 

(neat): vmax = 2978, 2883, 1585, 1576, 1287, 1264, 1169, 1117, 1057 cm-1; 1H NMR (400 MHz, 

293 K, CDCl3): 𝛿 8.47 (d, J = 5.6 Hz, 1H, 6-H), 7.37 (app q, J = 8.0 Hz, 1H, -Ph), 7.19 (d, J = 2.4 

Hz, 1H, 3-H), 6.95 (dt, J = 8.4, 2.4 Hz, 1H, -Ph), 6.89 (dd, J = 8.4, 2.4 Hz, 1H, -Ph), 6.84–6.80 

(m, 2H, -Ar), 5.43 (s, 1H, -CH(OCH2CH3)2), 3.75–3.57 (m, 4H, -CH(OCH2CH3)2) 1.24 (t, J = 7.2 

Hz, 6H, -CH(OCH2CH3)2); 
13C NMR (100 MHz, 293 K, CDCl3): 𝛿 164.8, 163.3 (d, J = 247 Hz), 

160.8, 155.2 (d, J = 10 Hz), 150.7, 130.8 (d, J = 10 Hz), 116.1 (d, J = 4 Hz), 112.2 (d, J = 21 Hz), 

111.9, 109.6, 108.3 (d, J = 24 Hz), 102.3, 62.3, 15.0; HRMS (ESI+) calcd for C16H19FNO3 [M + 

H]+ = 292.1343, found 292.1343. 
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Preparation of (E)-4-(3-fluorophenoxy)picolinaldehyde oxime: A 25-mL pear-shaped flask 

open to air with 2-(diethoxymethyl)-4-(3-fluorophenoxy)pyridine (132 mg, 0.450 mmol) was 

charged with H2O (2 mL) and 5 M H2SO4 in H2O (100 L, 0.490 mmol). The solution was heated 

to 85 °C (external temperature). After stirring at the same temperature for 3 h, the reaction mixture 

was cooled to 23 °C and treated with K2CO3 (262 mg, 1.89 mmol) followed by MeOH (7 mL) and 

NH2OH•HCl (36 mg, 0.45 mmol) at the same temperature. A reflux condenser was attached, and 

the reaction was heated to reflux while open to air. After 2 h, the reaction mixture was cooled to 

23 °C and concentrated in vacuo. EtOAc (10 mL) was added to the crude residue, followed by 

saturated aqueous NH4Cl (15 mL). The layers were separated using a separatory funnel and the 

aqueous layer was extracted with EtOAc (2  10 mL). The combined organic layers were dried 

over anhydrous Na2SO4, filtered, and concentrated in vacuo to afford (E)-4-(3-

fluorophenoxy)picolinaldehyde oxime (64 mg, 61% yield) as a pale peach solid. This material was 

used directly without further purification. 

(E)-4-(3-Fluoro)picolinaldehyde oxime: m.p. = 123–126 °C; Rf = 0.42 (60% EtOAc in 

hexanes); IR (neat): vmax = 2982, 1587, 1482, 1299, 1247, 1174, 1113 cm-1; 1H NMR (400 MHz, 

293 K, DMSO-d6): 𝛿 11.73 (s, 1H, -CH=NOH), 8.49 (d, J = 5.6 Hz, 1H, 6-H), 8.04 (s, 1H, -

CH=NOH), 7.58–7.52 (m, 1H, -Ph), 7.24–7.16 (m, 3H, -Ar), 7.09 (dd, J = 8.0, 2.0 Hz, 1H, -Ph), 

7.03 (dd, J = 5.6, 2.4 Hz, 1H, 5-H); 13C NMR (100 MHz, 293 K, DMSO-d6): 𝛿 164.5, 163.2 (d, J 

= 239 Hz), 155.0 (d, J = 11 Hz), 154.7, 151.9, 148.7, 132.2 (d, J = 10 Hz), 117.4 (d, J = 3 Hz), 
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113.2, 113.1 (d, J = 18 Hz), 109.2 (d, J = 24 Hz), 107.1; HRMS (ESI+) calcd for C12H10FN2O2 [M 

+ H]+ = 233.0721, found 233.0723. 

 

 

Preparation of (E)-2-((hydroxyimino)methyl)-1-methyl-4-(3-fluorophenoxy)pyridin-1-ium 

iodide (ADG3123): A 35-mL sealed tube with (E)-4-(3-fluorophenoxy)picolinaldehyde oxime 

(208 mg, 0.890 mmol) was charged with acetone (2 mL) and MeI (650 L, 8.90 mmol). The vessel 

was sealed and heated to 40 °C (external temperature). After 21.5 h at the same temperature, the 

reaction mixture was cooled to 23 °C, transferred to a 25-mL round-bottomed flask, concentrated 

in vacuo, and recrystallized from acetone/EtOAc (1:1) to afford (E)-2-((hydroxyimino)methyl)-1-

methyl-4-(3-fluorophenoxy)pyridin-1-ium iodide as a tan solid (91 mg, 27% yield). 

(E)-2-((Hydroxyimino)methyl)-1-methyl-4-(3-fluorophenoxy)pyridin-1-ium iodide: m.p. = 

160–162 °C; Rf = 0.11 (10% MeOH in CH2Cl2); IR (film): vmax = 3052, 2963, 1644, 1600, 1587, 

1574, 1514, 1481, 1464, 1445, 1333, 1315, 1306, 1262, 1253, 1202, 1158, 1145, 1111, 1071 cm-

1; 1H NMR (400 MHz, 293 K, DMSO-d6): 𝛿 13.10 (s, 1H, -CH=NOH), 8.86 (d, J = 7.2 Hz, 1H, 6-

H), 8.61 (s, 1H, -CH=NOH), 7.69–7.64 (m, 2H, -Ph), 7.60 (d, J = 2.8 Hz, 1H, 3-H), 7.40 (dt, J = 

9.6, 2.0 Hz, 1H, -Ph), 7.40 (td, J = 8.4, 2.0 Hz, 1H, -Ph), 7.23 (dd, J = 8.4, 2.8 Hz, 1H, 5-H), 4.25 

(s, 3H, -N+CH3); 
13C NMR (100 MHz, 293 K, DMSO-d6): 𝛿 168.6, 163.4 (d, J = 246 Hz), 153.4 

(d, J = 11 Hz), 150.1, 149.5, 141.9, 133.0 (d, J = 10 Hz), 117.8 (d, J = 3 Hz), 115.2, 114.9 (d, J = 

21 Hz), 110.8, 109.8 (d, J = 25 Hz), 45.4; HRMS (ESI+) calcd for C13H12FN2O2 [M]+ = 247.0877, 

found 247.0880. 
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Preparation of 2-(diethoxymethyl)-4-(4-fluorophenoxy)pyridine: A 75-mL sealed tube was 

charged with dimethyl sulfoxide (6 mL), K2CO3 (1.27 g, 9.00 mmol), and 4-fluorophenol (1.06 g, 

9.00 mmol). The mixture was stirred at room temperature for 30 min. 2-(Diethoxymethyl)-4-

nitropyridine (682 mg, 3.00 mmol) was added, the vessel was sealed and heated to 85 °C (external 

temperature) for 17 h. The reaction mixture was cooled to 23 °C and acidified with saturated 

aqueous NH4Cl (20 mL). The resulting solution was layers was extracted with EtOAc (3  20 mL). 

The combined organic layers were dried over anhydrous Na2SO4, filtered, and concentrated in 

vacuo. The crude material was purified by flash chromatography (0 to 50% EtOAc in hexanes) on 

silica gel (100 mL) to afford 2-(diethoxymethyl)-4-(4-fluorophenoxy)pyridine as a pale yellow oil 

(490 mg, 56% yield). 

2-(Diethoxymethyl)-4-(4-fluorophenoxy)pyridine: Rf = 0.54 (60% EtOAc in hexanes); IR 

(neat): vmax = 2977, 2880, 1603, 1587, 1572, 1290, 1260, 1236, 1196, 1156, 1110, 1089, 1056 cm-

1; 1H NMR (300 MHz, 293 K, CDCl3): 𝛿 8.43 (d, J = 5.7 Hz, 1H, 6-H), 7.14–7.04 (m, 5H, -Ar), 

6.73 (dd, J = 5.7, 2.4 Hz, 1H, 5-H), 5.41 (s, 1H, -CH(OCH2CH3)2), 3.76–3.55 (m, 4H, -

CH(OCH2CH3)2), 1.24 (t, J = 6.9 Hz, 6H, -CH(OCH2CH3)2); 
13C NMR (100 MHz, 293 K, CDCl3): 

𝛿 165.6, 160.7, 159.9 (d, J = 243 Hz), 150.6, 149.8 (d, J = 27 Hz), 122.3 (d, J = 8 Hz), 116.8 (d, J 

= 24 Hz), 111.4, 109.1, 102.4, 62.4, 15.1; HRMS (ESI+) calcd for C16H19FNO3 [M + H]+ = 

292.1343, found 292.1348. 
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Preparation of (E)-4-(4-fluorophenoxy)picolinaldehyde oxime: A 50-mL pear-shaped flask 

open to air with 2-(diethoxymethyl)-4-(4-fluorophenoxy)pyridine (279 mg, 0.960 mmol) was 

charged with H2O (4 mL) and 5 M H2SO4 in H2O (290 L, 1.44 mmol). The solution was heated 

to 93 °C (external temperature). After stirring at the same temperature for 3 h, the reaction mixture 

was cooled to 23 °C and treated with K2CO3 (546 mg, 3.84 mmol) followed by MeOH (14 mL) 

and NH2OH•HCl (67 mg, 0.96 mmol) at the same temperature. A reflux condenser was attached, 

and the reaction was heated to reflux while open to air. After 3 h, the reaction mixture was cooled 

to 23 °C and concentrated in vacuo. EtOAc (10 mL) was added to the crude residue, followed by 

saturated aqueous NH4Cl (30 mL). The layers were separated using a separatory funnel and the 

aqueous layer was extracted with EtOAc (2  15 mL). The combined organic layers were dried 

over anhydrous Na2SO4, filtered, and concentrated in vacuo to afford (E)-(4-

fluorophenoxy)picolinaldehyde oxime (216 mg, 97% yield) as a white solid. This material was 

used directly without further purification. 

(E)-4-(4-Fluorophenoxy)picolinaldehyde oxime: m.p. = 170–172 °C; Rf = 0.53 (60% 

EtOAc in hexanes); IR (neat): vmax = 2982, 1587, 1564, 1430, 1261, 1247, 1196, 1092 cm-1; 1H 

NMR (400 MHz, 293 K, DMSO-d6): 𝛿 11.70 (s, 1H, -CH=NOH), 8.46 (d, J = 5.6 Hz, 1H, 6-H), 

8.02 (s, 1H, -CH=NOH), 7.38–7.28 (m, 4H, -Ph), 7.13 (d, J = 2.8 Hz, 1H, 3-H), 6.98 (dd, J = 5.6, 

2.8 Hz, 1H, 5-H); 13C NMR (100 MHz, 293 K, DMSO-d6): 𝛿 165.2, 159.9 (d, J = 240 Hz), 154.7, 

151.8, 149.9 (d, J = 3 Hz), 148.8, 123.5 (d, J = 9 Hz), 117.6 (d, J = 23 Hz), 112.9, 106.6; HRMS 

(ESI+) calcd for C12H10FN2O2 [M + H]+ = 233.0721, found 233.0717. 
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Preparation of (E)-2-((hydroxyimino)methyl)-1-methyl-4-(4-fluorophenoxy)pyridin-1-ium 

iodide (ADG3116): A 35-mL sealed tube with (E)-4-(4-fluorophenoxy)picolinaldehyde oxime 

(102 mg, 0.440 mmol) was charged with acetone (1 mL) and MeI (270 L, 4.39 mmol). The vessel 

was sealed and heated to 55 °C (external temperature). After 13 h at the same temperature, the 

reaction mixture was cooled to 23 °C, transferred to a 25-mL round-bottomed flask, concentrated 

in vacuo, and recrystallized from acetone/EtOAc (1:1) to afford (E)-2-((hydroxyimino)methyl)-1-

methyl-4-(4-fluorophenoxy)pyridin-1-ium iodide as a yellow solid (109 mg, 66% yield). 

(E)-2-((Hydroxyimino)methyl)-1-methyl-4-(4-fluorophenoxy)pyridin-1-ium iodide: m.p. = 

160–162 °C; Rf = 0.10 (10% MeOH in CH2Cl2); IR (neat): vmax = 3037, 2982, 1642, 1575, 1311, 

1230, 1094, 1065 cm-1; 1H NMR (400 MHz, 293 K, DMSO-d6): 𝛿 13.07 (s, 1H, -CH=NOH), 8.83 

(d, J = 7.2 Hz, 1H, 6-H), 8.60 (s, 1H, -CH=NOH), 7.60 (dd, J = 7.2, 3.2 Hz, 1H, 5-H), 7.54 (d, J 

= 3.2 Hz, 1H, 3-H), 7.48–7.41 (m, 4H, -Ph), 4.24 (s, 3H, -N+CH3); 
13C NMR (100 MHz, 293 K, 

DMSO-d6): 𝛿 169.0, 160.7 (d, J = 243 Hz), 149.9, 149.3, 148.5 (d, J = 3 Hz), 141.9, 123.5 (d, J = 

9 Hz), 118.1 (d, J = 23 Hz), 114.8, 110.4, 45.2; HRMS (ESI+) calcd for C13H12FN2O [M]+ = 

247.0877, found 247.0879. 
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Preparation of 2-(diethoxymethyl)-4-((2-fluorophenyl)thio)pyridine: A 75-mL sealed tube 

was charged with dimethyl sulfoxide (4 mL), K2CO3 (1.66 g, 12.0 mmol), and 2-

fluorobenzenethiol (1.28 mL, 12.0 mmol). The mixture was stirred at room temperature for 5 min. 

2-(Diethoxymethyl)-4-nitropyridine (909 mg, 4.00 mmol) was added, the vessel was sealed and 

heated to 95 °C for 19 h. The reaction mixture was cooled to 23 °C and neutralized with saturated 

aqueous NH4Cl (20 mL). The resulting solution was extracted with EtOAc (3  20 mL). The 

combined organic layers were dried over anhydrous Na2SO4, filtered, and concentrated in vacuo. 

The crude material was purified by flash chromatography (0 to 40% EtOAc in hexanes) on silica 

gel (100 mL) to afford 2-(diethoxymethyl)-4-((2-fluorophenyl)thio)pyridine as a pale yellow oil 

(1.20 g, 98% yield). 

2-(Diethoxymethyl)-4-((2-fluorophenyl)thio)pyridine: Rf = 0.53 (60% EtOAc in hexanes); 

IR (neat): vmax = 2975, 2878, 1575, 1545, 1473, 1444, 1393, 1369, 1333, 1262, 1226, 1112, 1092, 

1057 cm-1; 1H NMR (300 MHz, 293 K, DMSO-d6): 𝛿 8.35 (d, J = 5.1 Hz, 1H, 6-H), 7.73–7.63 (m, 

2H, -Ph), 7.50–7.36 (m, 2H, -Ph), 7.07 (d, J = 1.8 Hz, 1H, 3-H), 7.02 (dd, J = 5.1, 1.8 Hz, 1H, 5-

H), 5.30 (s, 1H, -CH(OCH2CH3)2), 3.61–3.40 (m, 4H, -CH(OCH2CH3)2), 1.07 (t, J = 6.9 Hz, 6H, 

-CH(OCH2CH3)2); 
13C NMR (100 MHz, 293 K, DMSO-d6): 𝛿 162.5 (d, J = 246 Hz), 158.7, 149.3, 

148.4, 137.8, 133.7 (d, J = 8 Hz), 126.5 (d, J = 3 Hz), 120.4, 117.2 (d, J = 22 Hz), 117.0, 115.7 (d, 

J = 18 Hz), 102.2, 62.2, 15.4; HRMS (ESI+) calcd for C16H19FNO2S [M + H]+ = 308.1115, found 

308.1111. 
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Preparation of (E)-4-((2-fluorophenyl)thio)picolinaldehyde oxime: A 50-mL pear-shaped 

flask open to air with 2-(diethoxymethyl)-4-((2-fluorophenyl)thio)pyridine (471 mg, 1.53 mmol) 

was charged with H2O (5 mL) and 5 M H2SO4 in H2O (340 L, 1.68 mmol). The solution was 

heated to 95 °C. After stirring at the same temperature for 3 h, the reaction mixture was cooled to 

23 °C and treated with K2CO3 (846 mg, 6.12 mmol) followed by MeOH (20 mL) and NH2OH•HCl 

(106 mg, 1.53 mmol) at the same temperature. A reflux condenser was attached, and the reaction 

was heated to reflux while open to air. After 2.7 h, the reaction mixture was cooled to 23 °C and 

concentrated in vacuo. EtOAc (10 mL) was added to the crude residue, followed by saturated 

aqueous NH4Cl (20 mL). The layers were separated using a separatory funnel and the aqueous 

layer was extracted with EtOAc (2  10 mL). The combined organic layers were dried over 

anhydrous Na2SO4, filtered, and concentrated in vacuo to afford (E)-4-((2-

fluorophenyl)thio)picolinaldehyde oxime (340 mg, 89% yield) as a light pink solid. This material 

was used directly without further purification.  

(E)-4-((2-Fluorophenyl)thio)picolinaldehyde oxime: m.p. = 182–184 °C; Rf = 0.36 (60% 

EtOAc in hexanes); IR (neat): vmax = 3065, 2993, 2861, 2730, 1736, 1576, 1539, 1512, 1472, 1444, 

1398, 1331, 1261, 1244, 1228, 1115, 1095, 1070, 1030 cm-1; 1H NMR (400 MHz, 293 K, DMSO-

d6): 𝛿 11.73 (s, 1H, -CH=NOH), 8.40 (d, J = 5.6 Hz, 1H, 6-H), 7.94 (s, 1H, -CH=NOH), 7.76–7.65 

(m, 2H, -Ph), 7.51–7.47 (m, 1H, -Ph), 7.39 (td, J = 7.6, 1.2 Hz, 1H, -Ph), 7.26 (d, J = 2.0 Hz, 1H, 

3-H), 7.14 (dd, J = 5.2, 2.0 Hz, 1H, 5-H); 13C NMR (100 MHz, 293 K, DMSO-d6): 𝛿 162.1 (d, J 

= 246 Hz), 152.4, 149.4, 148.2 (d, J = 19 Hz), 137.5, 133.5 (d, J = 8 Hz), 126.2 (d, J = 4 Hz), 

120.5, 116.8 (d, J = 4 Hz), 115.0 (d, J = 18 Hz), 114.9; HRMS (ESI+) calcd for C12H10FN2O2S [M 

+ H]+ =249.0492, found 249.0494. 
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Preparation of (E)-4-((2-fluorophenyl)thio)-2-((hydroxyimino)methyl)-1-methylpyridin-1-

ium iodide (ADG4158): A 35-mL sealed tube with (E)-4-((2-fluorophenyl)thio)picolinaldehyde 

oxime (109 mg, 0.430 mmol) was charged with acetone (2 mL) and MeI (270 L, 4.30 mmol). 

The vessel was sealed and heated to 50 °C. After 20 h at the same temperature, the reaction mixture 

was cooled to 23 °C, transferred to a 25-mL round-bottomed flask, concentrated in vacuo to afford 

(E)-4-((2-fluorophenyl)thio)-2-((hydroxyimino)methyl)-1-methylpyridin-1-ium iodide as an 

orange solid (156 mg, 93% yield). 

(E)-4-((2-Fluorophenyl)thio)-2-((hydroxyimino)methyl)-1-methylpyridin-1-ium iodide: 

m.p. = 178–180 °C; Rf = 0.11 (10% MeOH in CH2Cl2); IR (neat): vmax = 2970, 1629, 1471, 1304, 

1263, 1226, 1124, 1090, 1016 cm-1; 1H NMR (300 MHz, 293 K, DMSO-d6): 𝛿 13.06 (s, 1H, -

CH=NOH), 8.66 (d, J = 6.6 Hz, 1H, 6-H), 8.56 (s, 1H, -CH=NOH), 7.84–7.73 (m, 3H, -Ar), 7.69 

(d, J = 2.4 Hz, 1H, -Ph), 7.59 (t, J = 8.7 Hz, 1H, -Ph), 7.48 (td, J = 7.8, 1.2 Hz, 1H, -Ph), 4.19 (s, 

3H, -N+CH3); 
13C NMR (100 MHz, 293 K, DMSO-d6): 𝛿 162.4 (d, J = 247 Hz), 159.7, 146.8, 

145.8, 141.9, 138.0, 135.4 (d, J = 8 Hz), 127.2 (d, J = 3 Hz), 122.4, 118.7, 117.8 (d, J = 22 Hz), 

113.2 (d, J = 18 Hz), 45.6; HRMS (ESI+) calcd for C13H12FN2OS [M]+ = 263.0649, found 

263.0652. 

 

 



 185 

Preparation of 2-(diethoxymethyl)-4-((3-fluorophenyl)thio)pyridine: A 75-mL sealed tube 

was charged with dimethyl sulfoxide (4 mL), K2CO3 (1.66 g, 12.0 mmol), and 3-

fluorobenzenethiol (1.01 mL, 12.0 mmol). The mixture was stirred at room temperature for 5 min. 

2-(Diethoxymethyl)-4-nitropyridine (905 mg, 4.00 mmol) was added, the vessel was sealed and 

heated to 95 °C for 16 h. The reaction mixture was cooled to 23 °C and neutralized with saturated 

aqueous NH4Cl (20 mL). The resulting solution was extracted with EtOAc (3  20 mL). The 

combined organic layers were dried over anhydrous Na2SO4, filtered, and concentrated in vacuo. 

The crude material was purified by flash chromatography (0 to 40% EtOAc in hexanes) on silica 

gel (100 mL) to afford 2-(diethoxymethyl)-4-((3-fluorophenyl)thio)pyridine as an amber oil (1.10 

g, 89% yield). 

2-(Diethoxymethyl)-4-((3-fluorophenyl)thio)pyridine: Rf = 0.58 (60% EtOAc in hexanes); 

IR (neat): vmax = 2975, 2878, 1597, 1575, 1544, 1474, 1422, 1392, 1369, 1344, 1264, 1219, 1113, 

1089, 1059, 1002 cm-1; 1H NMR (400 MHz, 293 K, DMSO-d6): 𝛿 8.36 (d, J = 5.2 Hz, 1H, 6-H), 

7.62–7.56 (m, 1H, -Ph), 7.50–7.47 (m, 1H, -Ph), 7.44–7.38 (m, 2H, -Ph), 7.13 (d, J = 1.8 Hz, 1H, 

3-H), 7.07 (dd, J = 5.2, 1.8 Hz, 1H, 5-H), 5.31 (s, 1H, -CH(OCH2CH3)2), 3.60–3.43 (m, 4H, -

CH(OCH2CH3)2), 1.08 (t, J = 6.8 Hz, 6H, -CH(OCH2CH3)2); 
13C NMR (100 MHz, 293 K, DMSO-

d6): 𝛿 162.9 (d, J = 246 Hz), 158.8, 149.5, 149.1, 132.4 (d, J = 8 Hz), 131.6 (d, J = 8 Hz), 131.1 

(d, J = 3 Hz), 121.5 (d, J = 22 Hz), 121.3, 117.9, 117.4 (d, J = 21 Hz), 102.2, 62.2, 15.5; HRMS 

(ESI+) calcd for C16H19FNO2S [M + H]+ = 308.1115, found 308.1106. 
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Preparation of (E)-4-((3-fluorophenyl)thio)picolinaldehyde oxime: A 100-mL pear-shaped 

flask open to air with 2-(diethoxymethyl)-4-((3-fluorophenyl)thio)pyridine (500 mg, 1.62 mmol) 

was charged with H2O (4 mL) and 5 M H2SO4 in H2O (350 L, 1.79 mmol). The solution was 

heated to 85 °C. After stirring at the same temperature for 2.8 h, the reaction mixture was cooled 

to 23 °C and treated with K2CO3 (896 mg, 6.48 mmol) followed by MeOH (20 mL) and 

NH2OH•HCl (113 mg, 1.62 mmol) at the same temperature. A reflux condenser was attached, and 

the reaction was heated to reflux while open to air. After 3.8 h, the reaction mixture was cooled to 

23 °C and concentrated in vacuo. EtOAc (15 mL) was added to the crude residue, followed by 

saturated aqueous NH4Cl (20 mL). The layers were separated using a separatory funnel and the 

aqueous layer was extracted with EtOAc (2  10 mL). The combined organic layers were dried 

over anhydrous Na2SO4, filtered, and concentrated in vacuo to afford (E)-4-((3-

fluorophenyl)thio)picolinaldehyde oxime (398 mg, quantitative yield) as a white solid. This 

material was used directly without further purification.  

(E)-4-((3-Fluorophenyl)thio)picolinaldehyde oxime: m.p. = 169–171 °C; Rf = 0.40 (60% 

EtOAc in hexanes); IR (neat): vmax = 3060, 2978, 2860, 2727, 1574, 1538, 1510, 1467, 1419, 1399, 

1330, 1296, 1262, 1243, 1232, 1218, 1154, 1117 cm-1; 1H NMR (400 MHz, 293 K, DMSO-d6): 𝛿 

11.74 (s, 1H, -CH=NOH), 8.41 (d, J = 5.2 Hz, 1H, 6-H), 7.99 (s, 1H, -CH=NOH), 7.62–7.53 (m, 

2H, -Ph), 7.47–7.39 (m, 2H, -Ph), 7.33 (d, J = 1.6 Hz, 1H, 3-H), 7.16 (dd, J = 5.2, 1.6 Hz, 1H, 5-

H); 13C NMR (100 MHz, 293 K, DMSO-d6): 𝛿 162.9 (d, J = 246 Hz), 152.9, 149.9, 149.4, 148.8, 

132.5 (d, J = 8 Hz), 131.4 (d, J = 3 Hz), 131.2 (d, J = 8 Hz), 121.8 (d, J = 22 Hz), 121.5, 117.4 (d, 

J = 21 Hz), 116.3; HRMS (ESI+) calcd for C12H10FN2OS [M + H]+ = 249.0492, found 249.0496. 
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Preparation of (E)-4-((3-fluorophenyl)thio)-2-((hydroxyimino)methyl)-1-methylpyridin-1-

ium iodide (ADG4146): A 35-mL sealed tube with (E)-4-((3-fluorophenyl)thio)picolinaldehyde 

oxime (183 mg, 0.740 mmol) was charged with acetone (2 mL) and MeI (450 L, 7.40 mmol). 

The vessel was sealed and heated to 50 °C. After 15 h at the same temperature, the reaction mixture 

was cooled to 23 °C, transferred to a 25-mL round-bottomed flask, concentrated in vacuo, and 

recrystallized from acetone/EtOAc (1:1) to yield (E)-4-((3-fluorophenyl)thio)-2-

((hydroxyimino)methyl)-1-methylpyridin-1-ium iodide as a light brown solid (166 mg, 57% 

yield). 

(E)-4-((3-Fluorophenyl)thio)-2-((hydroxyimino)methyl)-1-methylpyridin-1-ium iodide: 

m.p. = 169–171 °C; Rf = 0.15 (10% MeOH in CH2Cl2); IR (neat): vmax = 3056, 2980, 1627, 1579, 

1553, 1472, 1437, 1422, 1320, 1303, 1237, 1213, 1082, 1067, 1016 cm-1; 1H NMR (400 MHz, 293 

K, DMSO-d6): 𝛿 13.07 (s, 1H, -CH=NOH), 8.66 (d, J = 6.8 Hz, 1H, 6-H), 8.57 (s, 1H, -CH=NOH), 

7.76–7.68 (m, 4H, -Ar), 7.61–7.57 (m, 2H, -Ar), 4.21 (s, 3H, -N+CH3); 
13C NMR (100 MHz, 293 

K, DMSO-d6): 𝛿 163.1 (d, J = 243 Hz), 160.9, 146.6, 145.6, 141.8, 133.3 (d, J = 9 Hz), 132.1 (d, 

J = 3 Hz), 128.3, 128.2, 122.6, 122.6 (d, J = 23 Hz), 119.3 (d, J = 20 Hz), 119.0, 45.5; HRMS 

(ESI+) calcd for C13H12FN2OS [M ]+ = 263.0648, found 263.0650. 
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Preparation of 2-(diethoxymethyl)-4-((4-fluorophenyl)thio)pyridine: A 35-mL sealed tube 

was charged with dimethyl sulfoxide (1 mL), K2CO3 (414 g, 3.00 mmol), and 4-fluorothiophenol 

(320 L, 3.00 mmol). The mixture was stirred at room temperature for 10 min. 2-

(Diethoxymethyl)-4-nitropyridine (226 mg, 1.00 mmol) was added, the vessel was sealed and 

heated to 95 °C for 16 h. The reaction mixture was cooled to 23 °C and neutralized with saturated 

aqueous NH4Cl (10 mL). The resulting solution was extracted with EtOAc (3  10 mL). The 

combined organic layers were dried over anhydrous Na2SO4, filtered, and concentrated in vacuo. 

The crude material was purified by flash chromatography (0 to 40% EtOAc in hexanes) on silica 

gel (20 mL) to afford 2-(diethoxymethyl)-4-((4-fluorophenyl)thio)pyridine as a yellow oil (296 

mg, 93% yield). 

2-(Diethoxymethyl)-4-((4-fluorophenyl)thio)pyridine: Rf = 0.53 (60% EtOAc in hexanes); 

IR (neat): vmax = 2975, 2879, 1577, 1487, 1393, 1340, 1274, 1226, 1156, 1112, 1060 cm-1; 1H 

NMR (300 MHz, 293 K, DMSO-d6): 𝛿 8.31 (d, J = 5.2 Hz, 1H, 6-H), 7.68–7.64 (m, 2H, -Ph), 

7.41–7.37 (m, 2H, -Ph), 7.04 (d, J = 1.6 Hz, 1H, 3-H), 6.96 (dd, J = 5.2, 1.6 Hz, 1H, 5-H), 5.27 (s, 

1H, -CH(OCH2CH3)2), 3.58–3.40 (m, 4H, -CH(OCH2CH3)2), 1.06 (t, J = 7.2 Hz, 6H, -

CH(OCH2CH3)2); 
13C NMR (100 MHz, 293 K, DMSO-d6): 𝛿 163.5 (J = 247 Hz), 158.6, 150.3, 

149.2, 138.1 (d, J = 8.0 Hz), 136.0, 120.3, 117.8 (d, J = 23 Hz), 117.1, 102.2, 62.1, 15.4; HRMS 

(ESI+) calcd for C16H19FNO2S [M + H]+ = 308.1115, found 308.1131. 
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Preparation of (E)-4-((4-fluorophenyl)thio)picolinaldehyde oxime: A 100-mL pear-shaped 

flask open to air with 2-(diethoxymethyl)-4-((4-fluorophenyl)thio)pyridine (123 mg, 0.400 mmol) 

was charged with H2O (2 mL) and 5 M H2SO4 in H2O (80 L, 0.44 mmol). The solution was heated 

to 95 °C. After stirring at the same temperature for 2 h, the reaction mixture was cooled to 23 °C 

and treated with K2CO3 (221 mg, 1.60 mmol) followed by MeOH (8 mL) and NH2OH•HCl (28 

mg, 0.40 mmol) at the same temperature. A reflux condenser was attached, and the reaction was 

heated to reflux while open to air. After 3 h, the reaction mixture was cooled to 23 °C and 

concentrated in vacuo. EtOAc (10 mL) was added to the crude residue, followed by saturated 

aqueous NH4Cl (20 mL). The layers were separated using a separatory funnel and the aqueous 

layer was extracted with EtOAc (2  10 mL). The combined organic layers were dried over 

anhydrous Na2SO4, filtered, and concentrated in vacuo to afford (E)-4-((4-

fluorophenyl)thio)picolinaldehyde oxime (99 mg, quantitative yield) as a white solid. This material 

was used directly without further purification.  

(E)-4-((4-Fluorophenyl)thio)picolinaldehyde oxime: m.p. = 194–198 °C; Rf = 0.46 (60% 

EtOAc in hexanes); IR (neat): vmax = 2979, 2885, 2736, 1574, 1487, 1395, 1329, 1220, 1155, 1112 

cm-1; 1H NMR (300 MHz, 293 K, DMSO-d6): 𝛿 11.71 (s, 1H, -CH=NOH), 8.38 (d, J = 5.1 Hz, 

1H, 6-H), 7.98 (s, 1H, -CH=NOH), 7.74–7.69 (m, 2H, -Ph), 7.45–7.40 (m, 2H, -Ph), 7.26 (d, J = 

1.2 Hz, 1H, 3-H), 7.10 (dd, J = 5.1, 1.2 Hz, 1H, 5-H); 13C NMR (125 MHz, 293 K, DMSO-d6): 

163.7 (d, J = 247 Hz), 152.8, 150.5, 149.7, 148.8, 138.4 (d, J = 9 Hz), 124.3, 120.9, 118.0 (d, J = 

22 Hz), 115.6; HRMS (ESI+) calcd for C12H10FN2OS [M + H]+ = 249.0492, found 249.0517. 
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Preparation of (E)-4-((4-fluorophenyl)thio)-2-((hydroxyimino)methyl)-1-methylpyridin-1-

ium iodide (ADG3193): A 35-mL sealed tube with (E)-4-((4-fluorophenyl)thio)picolinaldehyde 

oxime (248 mg, 1.00 mmol) was charged with acetone (2 mL) and MeI (620 L, 10.0 mmol). The 

vessel was sealed and heated to 50 °C. After 17 h at the same temperature, the reaction mixture 

was cooled to 23 °C, transferred to a 25-mL round-bottomed flask, concentrated in vacuo, and 

recrystallized from acetone/EtOAc (1:1) to afford (E)-4-((4-fluorophenyl)thio)-2-

((hydroxyimino)methyl)-1-methylpyridin-1-ium iodide as an orange solid (152 mg, 39% yield). 

(E)-4-((4-Fluorophenyl)thio)-2-((hydroxyimino)methyl)-1-methylpyridin-1-ium iodide: 

m.p. = 166–168 °C; Rf = 0.41 (10% MeOH in CH2Cl2); IR (neat): vmax = 2977, 1624, 1584, 1487, 

1429, 1395, 1300, 1222, 1158, 1081, 1011 cm-1; 1H NMR (400 MHz, 293 K, CD3OD): 𝛿 8.54–

8.51 (m, 2H, 6-H and -CH=NOH), 7.80–7.75 (m, 3H, -Ar), 7.50 (d, J = 6.8, 2.4 Hz, 1H, 5-H), 7.50 

(app t, J = 8.8 Hz, 2H, -Ph), 4.26 (s, 3H, -N+CH3); 
13C NMR (100 MHz, 293 K, CD3OD): 𝛿 166.0 

(d, J = 250 Hz), 164.5, 147.8, 146.0, 141.5, 139.4 (d, J = 9 Hz), 122.9, 122.7, 120.5, 119.2 (d, J = 

22 Hz), 46.1; HRMS (ESI+) calcd for C13H12FN2OS [M]+ = 263.0649, found 263.0672. 

 

 

Preparation of 2-(diethoxymethyl)-4-(o-tolyloxy)pyridine: A 75-mL sealed tube was 

charged with dimethyl sulfoxide (6 mL), K2CO3 (1.29 g, 9.00 mmol), and o-cresol (920 L, 9.00 
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mmol). The mixture was stirred at room temperature for 5 min. 2-(Diethoxymethyl)-4-

nitropyridine (679 mg, 3.00 mmol) was added, the vessel was sealed and heated to 80 °C (external 

temperature) for 5 h. The reaction mixture was cooled to 23 °C and acidified with saturated 

aqueous NH4Cl (20 mL). The resulting solution was layers was extracted with EtOAc (3  10 mL). 

The combined organic layers were dried over anhydrous Na2SO4, filtered, and concentrated in 

vacuo. The crude material was purified by flash chromatography (0 to 40% EtOAc in hexanes) on 

silica gel (70 mL) to afford 2-(diethoxymethyl)-4-(o-tolyloxy)pyridine as a pale yellow oil (459 

mg, 80% yield). 

2-(Diethoxymethyl)-4-(o-tolyloxy)pyridine: Rf = 0.44 (60% EtOAc in hexanes); IR (neat): 

vmax = 2977, 2883, 1595, 1570, 1289, 1257, 1226, 1184, 1157, 1110, 1057 cm-1; 1H NMR (300 

MHz, 293 K, CDCl3): 𝛿 8.39 (d, J = 5.7 Hz, 1H, 6-H), 7.28–7.13 (m, 3H, -Ph), 7.10 (d, J = 2.7 

Hz, 1H, 3-H), 6.99 (dd, J = 7.8, 1.2 Hz, 1H, -Ph), 6.64 (dd, J = 5.7, 2.7 Hz, 1H, 5-H), 5.41 (s, 1H, 

-CH(OCH2CH3)2), 3.75–3.54 (m, 4H, -CH(OCH2CH3)2), 2.15 (s, 3H, -CH3), 1.23 (t, J = 6.9 Hz, 

6H, -CH(OCH2CH3)2); 
13C NMR (100 MHz, 293 K, CDCl3): 𝛿 165.3, 160.3, 151.7, 150.4, 131.6, 

130.4, 127.4, 125.6, 121.0, 110.6, 108.6, 102.2, 62.1, 15.8, 14.9; HRMS (ESI+) calcd for 

C17H22NO3 [M + H]+ = 288.1594, found 288.1600. 

 

 

Preparation of (E)-4-(o-tolyloxy)picolinaldehyde oxime: A 50-mL pear-shaped flask open 

to air with 2-(diethoxymethyl)-4-(o-tolyloxy)pyridine (252 mg, 0.870 mmol) was charged with 

H2O (4 mL) and 5 M H2SO4 in H2O (260 L, 1.31 mmol). The solution was heated to 97 °C 
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(external temperature). After stirring at the same temperature for 3 h, the reaction mixture was 

cooled to 23 °C and treated with K2CO3 (481 mg, 3.48 mmol) followed by MeOH (14 mL) and 

NH2OH•HCl (60 mg, 0.87 mmol) at the same temperature. A reflux condenser was attached, and 

the reaction was heated to reflux while open to air. After 2.5 h, the reaction mixture was cooled to 

23 °C and concentrated in vacuo. EtOAc (10 mL) was added to the crude residue, followed by 

saturated aqueous NH4Cl (30 mL). The layers were separated using a separatory funnel and the 

aqueous layer was extracted with EtOAc (2  30 mL). The combined organic layers were dried 

over anhydrous Na2SO4, filtered, and concentrated in vacuo to afford (E)-4-(o-

tolyloxy)picolinaldehyde oxime (195 mg, 98% yield) as a tan solid. This material was used directly 

without further purification.  

(E)-4-(o-Tolyloxy)picolinaldehyde oxime: m.p. = 148–151 °C; Rf = 0.54 (100% EtOAc in 

hexanes); IR (neat): vmax = 2982, 1561, 1427, 1243, 1230, 1184, 1112 cm-1; 1H NMR (400 MHz, 

293 K, DMSO-d6): 𝛿 11.67 (s, 1H, -CH=NOH), 8.44 (d, J = 6.0 Hz, 1H, 6-H), 8.00 (s, 1H, -

CH=NOH), 7.39 (app d, J = 7.6 Hz, 1H, -Ph), 7.32 (app t, J = 6.4 Hz, 1H, -Ph), 7.25 (app t, J = 

6.4 Hz, 1H, -Ph), 7.14 (app d, J = 7.6 Hz, 1H, -Ph), 7.02 (d, J = 2.4 Hz, 1H, 3-H), 6.94 (dd, J = 

6.0, 2.4 Hz, 1H, 5-H), 2.10 (s, 3H, -CH3); 
13C NMR (100 MHz, 293 K, DMSO-d6): 𝛿 164.8, 154.7, 

151.8, 151.7, 148.8, 132.4, 130.6, 128.5, 126.7, 122.0, 112.5, 105.9, 16.0; HRMS (ESI+) calcd for 

C13H13N2O2 [M + H]+ = 229.0971, found 229.0971. 
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Preparation of (E)-2-((hydroxyimino)methyl)-1-methyl-4-(o-tolyloxy)pyridin-1-ium iodide 

(ADG3110): A 35-mL sealed tube with (E)-4-(o-tolyloxy)picolinaldehyde oxime (96 mg, 0.42 

mmol) was charged with acetone (1 mL) and MeI (260 L, 4.20 mmol). The vessel was sealed and 

heated to 58 °C (external temperature). After 14.5 h at the same temperature, the reaction mixture 

was cooled to 23 °C, transferred to a 25-mL round-bottomed flask, concentrated in vacuo and 

recrystallized from acetone/EtOAc (1:1) to afford (E)-2-((hydroxyimino)methyl)-1-methyl-4-(o-

tolyloxy)pyridin-1-ium iodide as a yellow solid (141 mg, 91% yield). 

(E)-2-((Hydroxyimino)methyl)-1-methyl-4-(o-tolyloxy)pyridin-1-ium iodide: m.p. = 140–

143 °C; Rf = 0.10 (10% MeOH in CH2Cl2); IR (neat): vmax = 2966, 1643, 1569, 1487, 1306, 1222, 

1104 cm-1; 1H NMR (400 MHz, 293 K, DMSO-d6): 𝛿 13.05 (s, 1H, -CH=NOH), 8.82 (d, J = 7.2 

Hz, 1H, 6-H), 8.59 (s, 1H, -CH=NOH), 7.57 (dd, J = 7.2, 2.8 Hz, 1H, 5-H), 7.48 (app d, J = 6.8 

Hz, 1H, -Ph), 7.43–7.35 (m, 3H, -Ar), 7.27 (app d, J = 8.0 Hz, 1H, -Ar), 4.22 (s, 3H, -N+CH3), 2.13 

(s, 3H, -CH3); 
13C NMR (100 MHz, 293 K, DMSO-d6): 𝛿 168.6, 150.7, 150.2, 149.4, 141.9, 132.9, 

130.2, 129.0, 128.1, 121.7, 114.7, 109.7, 45.2, 15.8; HRMS (ESI+) calcd for C14H15N2O2 [M]+ = 

243.1128, found 243.1130. 

 

 

Preparation of 2-(diethoxymethyl)-4-(m-tolyloxy)pyridine: A 75-mL sealed tube was 

charged with dimethyl sulfoxide (6 mL), K2CO3 (1.22 g, 9.00 mmol), and m-cresol (950 L, 9.00 

mmol). The mixture was stirred at room temperature for 5 min. 2-(Diethoxymethyl)-4-

nitropyridine (680 mg, 3.00 mmol) was added, the vessel was sealed and heated to 100 °C (external 
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temperature) for 5 h. The reaction mixture was cooled to 23 °C and acidified with saturated 

aqueous NH4Cl (20 mL). The resulting solution was layers was extracted with EtOAc (3  20 mL). 

The combined organic layers were dried over anhydrous Na2SO4, filtered, and concentrated in 

vacuo. The crude material was purified by flash chromatography (0 to 40% EtOAc in hexanes) on 

silica gel (75 mL) to afford 2-(diethoxymethyl)-4-(m-tolyloxy)pyridine as a yellow oil (569 mg, 

66% yield). 

2-(Diethoxymethyl)-4-(m-tolyloxy)pyridine: Rf = 0.54 (60% EtOAc in hexanes); IR (neat): 

vmax = 2976, 2880, 1597, 1569, 1538, 1288, 1257, 1171, 1136, 1110, 1083, 1057 cm-1; 1H NMR 

(300 MHz, 293 K, CDCl3): 𝛿 8.39 (d, J = 7.6 Hz, 1H, 6-H), 7.29–7.24 (m, 1H, -Ph), 7.15 (d, J = 

3.2 Hz, 1H, 3-H), 7.02 (d, J = 7.5 Hz, 1H, -Ph), 6.88–6.85 (m, 1H, -Ph), 6.72 (dd, J = 7.6, 3.2 Hz, 

1H, 5-H), 5.40 (s, 1H, -CH(OCH2CH3)2), 3.74–3.52 (m, 4H, -CH(OCH2CH3)2), 2.34 (s, 3H, -CH3), 

1.21 (t, J = 9.2 Hz, 6H, -CH(OCH2CH3)2); 
13C NMR (100 MHz, 293 K, CDCl3): 𝛿 165.6, 160.4, 

153.9, 150.5, 140.3, 129.7, 126.0, 121.2, 117.6, 111.6, 109.4, 102.4, 62.25, 21.2, 15.0; HRMS 

(ESI+) calcd for C17H22NO3 [M + H]+ = 288.1594, found 288.1602. 

 

 

Preparation of (E)-4-(m-tolyloxy)picolinaldehyde oxime: A 50-mL pear-shaped flask open 

to air with 2-(diethoxymethyl)-4-(m-tolyloxy)pyridine (276 mg, 0.960 mmol) was charged with 

H2O (4 mL) and 5 M H2SO4 in H2O (290 L, 1.44 mmol). The solution was heated to 97 °C 

(external temperature). After stirring at the same temperature for 3 h, the reaction mixture was 

cooled to 23 °C and treated with K2CO3 (531 mg, 3.84 mmol) followed by MeOH (14 mL) and 
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NH2OH•HCl (67 mg, 0.96 mmol) at the same temperature. A reflux condenser was attached, and 

the reaction was heated to reflux while open to air. After 2.5 h, the reaction mixture was cooled to 

23 °C and concentrated in vacuo. EtOAc (10 mL) was added to the crude residue, followed by 

saturated aqueous NH4Cl (30 mL). The layers were separated using a separatory funnel and the 

aqueous layer was extracted with EtOAc (2  30 mL). The combined organic layers were dried 

over anhydrous Na2SO4, filtered, and concentrated in vacuo to afford (E)-4-(m-

tolyloxy)picolinaldehyde oxime (219 mg, quantitative yield) as a tan solid. This material was used 

directly without further purification.  

(E)-4-(m-Tolyloxy)picolinaldehyde oxime: m.p. = 116–118 °C; Rf = 0.65 (100% EtOAc); 

IR (neat): vmax = 2982, 2854, 2762, 1597, 1564, 1456, 1292, 1268, 1241, 1163, 1087, 1010 cm-1; 

1H NMR (400 MHz, 293 K, DMSO-d6): 𝛿 11.68 (s, 1H, -CH=NOH), 8.44 (d, J = 6.0 Hz, 1H, 6-

H), 8.01 (s, 1H, -CH=NOH), 7.37 (app t, J = 7.6, 1H, -Ph), 7.14–7.12 (m, 2H, -Ar), 7.03–6.96 (m, 

3H, -Ar), 2.33 (s, 3H, -CH3); 
13C NMR (100 MHz, 293 K, DMSO-d6): 𝛿 165.1, 154.6, 153.8, 151.7, 

148.9, 140.9, 130.6, 126.9, 121.8, 118.4, 113.1, 106.8, 21.3; HRMS (ESI+) calcd for C13H13N2O2 

[M + H]+ = 229.0972, found 229.0972. 

 

 

Preparation of (E)-2-((hydroxyimino)methyl)-1-methyl-4-(m-tolyloxy)pyridin-1-ium 

iodide (ADG3111): A 35-mL sealed tube with (E)-4-(m-tolyloxy)picolinaldehyde oxime (106 mg, 

0.460 mmol) was charged with acetone (1 mL) and MeI (290 L, 4.65 mmol). The vessel was 

sealed and heated to 58 °C (external temperature). After 14.5 h at the same temperature, the 
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reaction mixture was cooled to 23 °C, transferred to a 25-mL round-bottomed flask, concentrated 

in vacuo, and recrystallized from acetone/EtOAc (1:1) to afford (E)-2-((hydroxyimino)methyl)-1-

methyl-4-(m-tolyloxy)pyridin-1-ium iodide as a yellow solid (136 mg, 80% yield).  

(E)-2-((Hydroxyimino)methyl)-1-methyl-4-(m-tolyloxy)pyridin-1-ium iodide: m.p. = 165–

167 °C; Rf = 0.10 (10% MeOH in CH2Cl2); IR (neat): vmax = 2977, 1640, 1573, 1457, 1304, 1260, 

1239, 1146, 1004 cm-1; 1H NMR (400 MHz, 293 K, DMSO-d6): 𝛿 13.05 (s, 1H, -CH=NOH), 8.82 

(d, J = 7.2 Hz, 1H, 6-H), 8.59 (s, 1H, -CH=NOH), 7.60 (dd, J = 7.2, 2.8 Hz, 1H, 5-H), 7.51–7.46 

(m, 2H, -Ar), 7.27 (d, J = 7.6 Hz, 1H, -Ar), 7.16–7.12 (m, 2H, -Ar), 4.22 (s, 3H, -N+CH3), 2.37 (s, 

3H, -CH3); 
13C NMR (100 MHz, 293 K, DMSO-d6): 𝛿 169.0, 152.4, 149.9, 149.2, 141.8, 141.5, 

131.1, 128.4, 121.6, 118.2, 115.0, 110.2, 45.1, 21.2; HRMS (ESI+) calcd for C14H15N2O2 [M]+ = 

243.1128, found 243.1132. 

 

 

Preparation of 2-(diethoxymethyl)-4-(p-tolyloxy)pyridine: A 35-mL sealed tube was 

charged with dimethyl sulfoxide (3 mL), K2CO3 (1.04 g, 7.50 mmol), and p-cresol (811 mg, 7.50 

mmol). The mixture was stirred at room temperature for 5 min. 2-(Diethoxymethyl)-4-

nitropyridine (566 mg, 2.50 mmol) was added, the vessel was sealed and heated to 85 °C (external 

temperature) for 6 h. The reaction mixture was cooled to 23 °C and acidified with saturated 

aqueous NH4Cl (30 mL). The resulting solution was layers was extracted with EtOAc (3  40 mL). 

The combined organic layers were dried over anhydrous Na2SO4, filtered, and concentrated in 

vacuo. The crude material was combined with another batch (1.0 mmol scale, with respect to 2-
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(diethoxymethyl)-4-nitropyridine) prepared using the same procedure and purified by flash 

chromatography (0 to 50% EtOAc in hexanes) on silica gel (150 mL) to afford 2-(diethoxymethyl)-

4-(p-tolyloxy)pyridine as a pale yellow oil (852 mg, 85% yield). 

2-(Diethoxymethyl)-4-(p-tolyloxy)pyridine: Rf = 0.50 (60% EtOAc in hexanes); IR (neat): 

vmax = 2974, 2922, 1587, 1504, 1474, 1421, 1344, 1291, 1258, 1212, 1156, 1108, 1060 cm-1; 1H 

NMR (400 MHz, 293 K, CDCl3): 𝛿 8.38 (d, J = 5.6 Hz, 1H, 6-H), 7.18 (d, J = 8.0 Hz, 2H, -Ph), 

7.13 (d, J = 2.4 Hz, 1H, 3-H), 6.95 (d, J = 8.0 Hz, 2H, -Ph), 7.71 (dd, J = 5.6, 2.4 Hz, 1H, 5-H), 

5.39 (s, 1H, -CH(OCH2CH3)2), 3.72–3.54 (m, 4H, -CH(OCH2CH3)2), 2.35 (s, 3H, -CH3), 1.22 (t, 

J = 7.2 Hz, 6H, -CH(OCH2CH3)2); 
13C NMR (100 MHz, 293 K, CDCl3): 𝛿 165.7, 160.3, 151.5, 

150.4, 134.9, 130.5, 120.5, 111.3, 109.1, 102.3, 62.2, 20.6, 15.0; HRMS (ESI+) calcd for 

C17H22NO3 [M + H]+ = 288.1594, found 288.1597. 

 

 

Preparation of (E)-4-(p-tolyloxy)picolinaldehyde oxime: A 25-mL pear-shaped flask open 

to air with 2-(diethoxymethyl)-4-(p-tolyloxy)pyridine (575 mg, 2.00 mmol) was charged with H2O 

(7 mL) and 5 M H2SO4 in H2O (480 L, 2.40 mmol). The solution was heated to 85 °C (external 

temperature). After stirring at the same temperature for 4 h, the reaction mixture was cooled to 23 

°C and treated with K2CO3 (1.11 g, 8.00 mmol) followed by MeOH (25 mL) and NH2OH•HCl 

(139 mg, 2.00 mmol) at the same temperature. A reflux condenser was attached, and the reaction 

was heated to reflux while open to air. After 3 h, the reaction mixture was cooled to 23 °C and 

concentrated in vacuo. EtOAc (15 mL) was added to the crude residue, followed by saturated 
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aqueous NH4Cl (20 mL). The layers were separated using a separatory funnel and the aqueous 

layer was extracted with EtOAc (2  25 mL). The combined organic layers were dried over 

anhydrous Na2SO4, filtered, and concentrated in vacuo. The crude residue was purified by flash 

chromatography (10 to 50% EtOAc in hexanes) on silica gel (20 mL) to afford to afford (E)-4-(p-

tolyloxy)picolinaldehyde oxime (344 mg, 75% yield) as a light pink solid. 

(E)-4-(p-Tolyloxy)picolinaldehyde oxime: m.p. = 163–167 °C; Rf = 0.42 (60% EtOAc in 

hexanes); IR (neat): vmax = 2982, 2889, 1587, 1562, 1430, 1260, 1246, 1216, 1205, 1173 cm-1; 1H 

NMR (400 MHz, 293 K, DMSO-d6): 𝛿 11.68 (s, 1H, -CH=NOH), 8.44 (d, J = 6.0 Hz, 1H, 6-H), 

8.00 (s, 1H, -CH=NOH), 7.29 (d, J = 8.4 Hz, 2H, -Ph), 7.11–7.09 (m, 3H, -Ar), 6.97 (dd, J = 6.0, 

2.4 Hz, 1H, 5-H), 2.34 (s, 3H, -CH3); 
13C NMR (100 MHz, 293 K, DMSO-d6): 𝛿 165.4, 154.6, 

151.7, 151.5, 148.9, 135.6, 131.4, 121.3, 113.0, 106.5, 20.9; HRMS (ESI+) calcd for C13H13N2O2 

[M + H]+ = 229.0971, found 229.0972. 

 

 

Preparation of (E)-2-((hydroxyimino)methyl)-1-methyl-4-(p-tolyloxy)pyridin-1-ium iodide 

(ADG3092): A 35-mL sealed tube with (E)-4-(p-tolyloxy)picolinaldehyde oxime (175 mg, 0.760 

mmol) was charged with acetone (750 L) and MeI (470 L, 7.60 mmol). The vessel was sealed 

and heated to 60 °C (external temperature). After 17 h at the same temperature, the reaction mixture 

was cooled to 23 °C, transferred to a 25-mL round-bottomed flask, concentrated in vacuo, and 

recrystallized from EtOAc/acetone (1:1) to afford (E)-2-((hydroxyimino)methyl)-1-methyl-4-(p-

tolyloxy)pyridin-1-ium iodide as a yellow solid (153 mg, 54% yield). 
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(E)-2-((Hydroxyimino)methyl)-1-methyl-4-(p-tolyloxy)pyridin-1-ium iodide: m.p. = 160–

163 °C; Rf = 0.10 (10% MeOH in CH2Cl2); IR (neat): vmax = 2982, 1642, 1567, 1462, 1312, 1217, 

1101 cm-1; 1H NMR (400 MHz, 293 K, DMSO-d6): 𝛿 13.05 (s, 1H, -CH=NOH), 8.81 (d, J = 7.2 

Hz, 1H, 6-H), 8.59 (s, 1H, -CH=NOH), 7.59 (dd, J = 7.2, 3.2 Hz, 1H, 5-H), 7.49 (d, J = 3.2 Hz, 

1H, 3-H), 7.39 (d, J = 8.0 Hz, 2H, -Ph), 7.22 (d, J = 8.0 Hz, 2H, -Ph), 4.22 (s, 3H, -N+CH3), 2.37 

(s, 3H, -CH3); 
13C NMR (100 MHz, 293 K, DMSO-d6): 𝛿 169.2, 150.3, 150.0, 149.2, 141.9, 137.3, 

131.8, 121.1, 115.0, 110.1, 45.2, 20.9; HRMS (ESI+) calcd for C14H15N2O2 [M]+ = 243.1128, 

found 243.1127. 

 

 

Preparation of 2-(diethoxymethyl)-4-(o-tolylthio)pyridine: A 75-mL sealed tube was 

charged with dimethyl sulfoxide (4 mL), K2CO3 (1.68 g, 12.0 mmol), and o-thiocresol (1.42 mL, 

12.0 mmol). The mixture was stirred at room temperature for 10 min. 2-(Diethoxymethyl)-4-

nitropyridine (912 mg, 4.00 mmol) was added, the vessel was sealed and heated to 95 °C for 16 h. 

The reaction mixture was cooled to 23 °C and neutralized with saturated aqueous NH4Cl (20 mL). 

The resulting solution was extracted with EtOAc (3  15 mL). The combined organic layers were 

dried over anhydrous Na2SO4, filtered, and concentrated in vacuo. The crude material was purified 

by flash chromatography (0 to 40% EtOAc in hexanes) on silica gel (90 mL) to afford 2-

(diethoxymethyl)-4-(o-tolylthio)pyridine as a pale yellow oil (1.01 g, 83% yield). 

2-(Diethoxymethyl)-4-(o-tolylthio)pyridine: Rf = 0.45 (60% EtOAc in hexanes); IR (neat): 

vmax = 2974, 2876, 1575, 1542, 1470, 1455, 1392, 1368, 1342, 1273, 1222, 1112, 1090, 1059 cm-
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1; 1H NMR (400 MHz, 293 K, DMSO-d6): 𝛿 8.31 (d, J = 5.6 Hz, 1H, 6-H), 7.58 (d, J = 7.6 Hz, 

1H, -Ph), 7.50–7.48 (m, 2H, -Ph), 7.39–7.34 (m, 1H, -Ph), 6.97 (d, J = 1.6 Hz, 1H, 3-H), 6.90 (dd, 

J = 5.6, 1.6 Hz, 1H, 5-H), 5.27 (s, 1H, -CH(OCH2CH3)2), 3.59–3.40 (m, 4H, -CH(OCH2CH3)2), 

2.30 (s, 3H, -CH3), 1.06 (t, J = 7.2 Hz, 6H, -CH(OCH2CH3)2); 
13C NMR (100 MHz, 293 K, DMSO-

d6): 𝛿 158.6, 149.7, 149.2, 142.7, 136.9, 131.8, 131.2, 128.2, 127.9, 120.2, 116.8, 102.3, 62.2, 20.6, 

15.5; HRMS (ESI+) calcd for C17H22NO2S [M + H]+ = 304.1366 found 304.1370. 

 

 

Preparation of (E)-4-(o-tolylthio)picolinaldehyde oxime: A 100-mL pear-shaped flask 

open to air with 2-(diethoxymethyl)-4-(o-tolylthio)pyridine (556 mg, 1.74 mmol) was charged 

with H2O (8 mL) and 5 M H2SO4 in H2O (380 L, 1.91 mmol). The solution was heated to 95 °C. 

After stirring at the same temperature for 2.7 h, the reaction mixture was cooled to 23 °C and 

treated with K2CO3 (962 mg, 6.96 mmol) followed by MeOH (20 mL) and NH2OH•HCl (121 mg, 

1.74 mmol) at the same temperature. A reflux condenser was attached, and the reaction was heated 

to reflux while open to air. After 3 h, the reaction mixture was cooled to 23 °C and concentrated 

in vacuo. EtOAc (10 mL) was added to the crude residue, followed by saturated aqueous NH4Cl 

(20 mL). The layers were separated using a separatory funnel and the aqueous layer was extracted 

with EtOAc (2  15 mL). The combined organic layers were dried over anhydrous Na2SO4, 

filtered, and concentrated in vacuo to afford (E)-4-(o-tolylthio)picolinaldehyde oxime (354 mg, 

83% yield) as a white solid. This material was used directly without further purification.  
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(E)-4-(o-Tolylthio)picolinaldehyde oxime: m.p. = 181–184 °C; Rf = 0.40 (60% EtOAc in 

hexanes); IR (neat): vmax = 3166, 3056, 2978, 2868, 2744, 1575, 1536, 1470, 1398, 1331 cm-1; 1H 

NMR (400 MHz, 293 K, DMSO-d6): 𝛿 11.69 (s, 1H, -CH=NOH), 8.36 (d, J = 5.6 Hz, 1H, 6-H), 

7.95 (s, 1H, -CH=NOH), 7.60 (d, J = 7.6 Hz, 1H, -Ar), 7.50–8.49 (m, 2H, -Ph), 7.38–7.34 (m, 1H, 

-Ar), 7.16 (d, J = 1.6 Hz, 1H, 3-H), 7.16 (dd, J = 5.2, 1.6 Hz, 1H, 5-H); 13C NMR (100 MHz, 293 

K, DMSO-d6): 𝛿 152.7, 149.8, 149.6, 148.8, 142.8, 137.1, 131.9, 131.4, 128.2, 127.6, 120.8, 115.1, 

20.6; HRMS (ESI+) calcd for C13H13N2OS [M + H]+ = 245.0743, found 245.0747. 

 

 

Preparation of (E)-2-((hydroxyimino)methyl)-1-methyl-4-(o-tolylthio)pyridin-1-ium 

iodide (ADG4122): A 35-mL sealed tube with (E)-4-(o-tolylthio)picolinaldehyde oxime (122 mg, 

0.490 mmol) was charged with acetone (2 mL) and MeI (310 L, 4.90 mmol). The vessel was 

sealed and heated to 50 °C. After 24 h at the same temperature, the reaction mixture was cooled to 

23 °C, transferred to a 25-mL round-bottomed flask, concentrated in vacuo to afford (E)-2-

((hydroxyimino)methyl)-1-methyl-4-(o-tolylthio)pyridin-1-ium iodide as an orange solid (186 mg, 

98% yield). 

(E)-2-((Hydroxyimino)methyl)-1-methyl-4-(o-tolylthio)pyridin-1-ium iodide: m.p. = 173–

175 °C; Rf = 0.11 (10% MeOH in CH2Cl2); IR (neat): vmax = 2959, 1624, 1579, 1551, 1494, 1415, 

1306, 1230, 1186, 1086 cm-1; 1H NMR (400 MHz, 293 K, DMSO-d6): 𝛿 13.01 (s, 1H, -CH=NOH), 

8.63 (d, J = 6.8 Hz, 1H, 6-H), 8.54 (s, 1H, -CH=NOH), 7.68–7.57 (m, 4H, -Ar), 7.51 (d, J = 2.4 

Hz, 1H, 3-H), 7.47–7.43 (m, 1H, -Ph), 4.17 (s, 3H, -N+CH3), 2.35 (s, 3H, -CH3); 
13C NMR (100 
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MHz, 293 K, DMSO-d6): 𝛿 161.0, 146.6, 145.5, 143.1, 141.9, 137.1, 132.6, 132.4, 128.8, 125.44, 

122.3, 118.2, 45.4, 20.5; HRMS (ESI+) calcd for C12H10N2OS [M]+ = 259.0899, found 259.0901. 

 

 

Preparation of 2-(diethoxymethyl)-4-(m-tolylthio)pyridine: A 75-mL sealed tube was 

charged with dimethyl sulfoxide (4 mL), K2CO3 (1.66 g, 12.0 mmol), and 3-methylbenzenethiol 

(1.93 g, 12.0 mmol). The mixture was stirred at room temperature for 10 min. 2-(Diethoxymethyl)-

4-nitropyridine (905 mg, 4.00 mmol) was added, the vessel was sealed and heated to 90 °C for 16 

h. The reaction mixture was cooled to 23 °C and neutralized with saturated aqueous NH4Cl (20 

mL). The resulting solution was extracted with EtOAc (3  10 mL). The combined organic layers 

were dried over anhydrous Na2SO4, filtered, and concentrated in vacuo. The crude material was 

purified by flash chromatography (0 to 50% EtOAc in hexanes) on silica gel (100 mL) to afford 

2-(diethoxymethyl)-4-(m-tolylthio)pyridine as an amber oil (1.18 g, 98% yield). 

2-(Diethoxymethyl)-4-(m-tolylthio)pyridine: Rf = 0.68 (60% EtOAc in hexanes); IR (neat): 

vmax = 2974, 2877, 1574, 1543, 1475, 1392, 1369, 1343, 1272, 1223, 1113, 1059 cm-1; 1H NMR 

(400 MHz, 293 K, CDCl3): 𝛿 8.30 (d, J = 5.2 Hz, 1H, 6-H), 7.36–7.29 (m, 4H, -Ar), 7.25–7.23 (m, 

1H, -Ar), 6.81 (dd, J = 5.2, 2.0 Hz, 1H, 5-H), 5.37 (s, 1H, -CH(OCH2CH3)2), 3.70–3.52 (m, 4H, -

CH(OCH2CH3)2), 2.36 (s, 3H, -CH3), 1.21 ( t, J = 7.2 Hz, 6H, -CH(OCH2CH3)2); 
13C NMR (100 

MHz, 293 K, CDCl3): 𝛿 157.8, 151.3, 148.7, 139.7, 135.5, 132.0, 130.3, 129.6, 129.0, 120.2, 118.0, 

102.3, 62.2, 21.1, 15.0; HRMS (ESI+) calcd for C17H22NO2S [M + H]+ = 304.1365, found 

304.1360. 
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Preparation of (E)-4-(m-tolylthio)picolinaldehyde oxime: A 100-mL pear-shaped flask 

open to air with 2-(diethoxymethyl)-4-(m-tolylthio)pyridine (581 mg, 1.92 mmol) was charged 

with H2O (5 mL) and 5 M H2SO4 in H2O (420 L, 2.10 mmol). The solution was heated to 90 °C. 

After stirring at the same temperature for 2.8 h, the reaction mixture was cooled to 23 °C and 

treated with K2CO3 (1.06 g, 7.68 mmol) followed by MeOH (20 mL) and NH2OH•HCl (133 mg, 

1.92 mmol) at the same temperature. A reflux condenser was attached, and the reaction was heated 

to reflux while open to air. After 2 h, the reaction mixture was cooled to 23 °C and concentrated 

in vacuo. EtOAc (10 mL) was added to the crude residue, followed by saturated aqueous NH4Cl 

(20 mL). The layers were separated using a separatory funnel and the aqueous layer was extracted 

with EtOAc (2  10 mL). The combined organic layers were dried over anhydrous Na2SO4, 

filtered, and concentrated in vacuo to afford (E)-4-(m-tolylthio)picolinaldehyde oxime (358 mg, 

76% yield) as a light tan solid. This material was used directly without further purification.  

(E)-4-(m-Tolylthio)picolinaldehyde oxime: m.p. = 157–160 °C; Rf = 0.32 (60% EtOAc in 

hexanes); IR (neat): vmax = 2847, 2718, 1574, 1533, 1501, 1398, 1310, 1225 cm-1; 1H NMR (300 

MHz, 293 K, DMSO-d6): 𝛿 11.69 (s, 1H, -CH=NOH), 8.36 (d, J = 5.4 Hz, 1H, 6-H), 7.96 (s, 1H, 

-CH=NOH), 7.45–7.36 (m, 4H, -Ph), 7.30 (d, J = 1.5 Hz, 1H, 3-H), 7.16 (dd, J = 5.4, 1.5 Hz, 1H, 

5-H), 2.36 (s, 3H, -CH3); 
13C NMR (100 MHz, 293 K, DMSO-d6): 𝛿 152.2, 150.1, 149.2, 148.4, 

139.9, 135.4, 132.2, 130.9, 130.1, 127.9, 120.5, 115.3, 20.7; HRMS (ESI+) calcd for C13H13N2OS 

[M + H]+ =245.0743, found 245.0744. 
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Preparation of (E)-2-((hydroxyimino)methyl)-1-methyl-4-(m-tolylthio)pyridin-1-ium 

iodide (ADG4086): A 35-mL sealed tube with (E)-4-(m-tolylthio)picolinaldehyde oxime (107 mg, 

0.430 mmol) was charged with acetone (2 mL) and MeI (270 L, 4.30 mmol). The vessel was 

sealed and heated to 55 °C. After 18.4 h at the same temperature, the reaction mixture was cooled 

to 23 °C, transferred to a 25-mL round-bottomed flask, concentrated in vacuo to afford (E)-2-

((hydroxyimino)methyl)-1-methyl-4-(m-tolylthio)pyridin-1-ium iodide as an orange solid (140 

mg, 84% yield). 

(E)-2-((Hydroxyimino)methyl)-1-methyl-4-(m-tolylthio)pyridin-1-ium iodide: m.p. = 175–

178 °C; Rf = 0.11 (10% MeOH in CH2Cl2); IR (neat): vmax = 3034, 2989, 2861, 1626, 1598, 1573, 

1552, 1491, 1471, 1450, 1428, 1319, 1301, 1230, 1194, 1085, 1076 cm-1; 1H NMR (300 MHz, 293 

K, DMSO-d6): 𝛿 13.02 (s, 1H, -CH=NOH), 8.62 (d, J = 6.6 Hz, 1H, 6-H), 8.55 (s, 1H, -CH=NOH), 

7.69–7.66 (m, 2H, -Ar), 7.55–7.51 (m, 4H, -Ar), 4.13 (s, 3H, -N+CH3), 2.38 (s, 3H, -CH3); 
13C 

NMR (100 MHz, 293 K, DMSO-d6): 𝛿 161.9, 146.5, 145.5, 141.9, 141.2, 136.0, 132.8, 132.7, 

131.2, 125.8, 122.3, 118.6, 45.4, 21.2; HRMS (ESI+) calcd for C14H15N2OS [M]+ = 259.0899, 

found 259.0897. 
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Preparation of 2-(diethoxymethyl)-4-(p-tolylthio)pyridine: A 75-mL sealed tube was 

charged with dimethyl sulfoxide (4 mL), K2CO3 (1.69 g, 12.0 mmol), and p-methylbenzenethiol 

(1.49 g, 12.0 mmol). The mixture was stirred at room temperature for 12 min. 2-(Diethoxymethyl)-

4-nitropyridine (905 mg, 4.00 mmol) was added, the vessel was sealed and heated to 85 °C for 17 

h. The reaction mixture was cooled to 23 °C and neutralized with saturated aqueous NH4Cl (20 

mL). The resulting solution was extracted with EtOAc (3  20 mL). The combined organic layers 

were dried over anhydrous Na2SO4, filtered, and concentrated in vacuo. The crude material was 

purified by flash chromatography (10 to 50% EtOAc in hexanes) on silica gel (150 mL) to afford 

2-(diethoxymethyl)-4-(p-tolylthio)pyridine as a pale yellow oil (1.19 g, 98% yield). 

2-(Diethoxymethyl)-4-(p-tolylthio)pyridine: Rf = 0.55 (60% EtOAc in hexanes); IR (neat): 

vmax = 2974, 2876, 1575, 1543, 1493, 1444, 1392, 1369, 1343, 1302, 1272, 1224, 1112, 1088, 

1058, 1018 cm-1; 1H NMR (400 MHz, 293 K, DMSO-d6): 𝛿 8.30 (d, J = 5.2 Hz, 1H, 6-H), 7.47 (d, 

J = 8.0 Hz, 2H, -Ph), 7.35 (d, J = 8.0 Hz, 2H, -Ph), 7.06 (d, J = 2.0 Hz, 2H, 3-H), 6.79 (dd, J = 

5.2, 2.0 Hz, 1H, 5-H), 5.27 (s, 1H, -CH(OCH2CH3)2), 3.59–3.41 (m, 4H, -CH(OCH2CH3)2), 2.38 

(s, 3H, -CH3), 1.07 (t, J = 7.2 Hz, 6H, -CH(OCH2CH3)2); 
13C NMR (100 MHz, 293 K, DMSO-d6): 

𝛿 158.1, 150.4, 148.7, 140.0, 135.1, 130.9, 124.8, 119.8, 116.6, 101.9, 61.7, 20.8, 14.9; HRMS 

(ESI+) calcd for C17H22NO2S [M + H]+ = 304.1366, found 304.1364. 

 

 

Preparation of (E)-4-(p-tolylthio)picolinaldehyde oxime: A 100-mL pear-shaped flask 

open to air with 2-(diethoxymethyl)-4-(p-tolylthio)pyridine (592 mg, 1.95 mmol) was charged 
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with H2O (5 mL) and 5 M H2SO4 in H2O (430 L, 2.14 mmol). The solution was heated to 85 °C. 

After stirring at the same temperature for 2.4 h, the reaction mixture was cooled to 23 °C and 

treated with K2CO3 (1.07 g, 7.80 mmol) followed by MeOH (20 mL) and NH2OH•HCl (136 mg, 

1.95 mmol) at the same temperature. A reflux condenser was attached, and the reaction was heated 

to reflux while open to air. After 4 h, the reaction mixture was cooled to 23 °C and concentrated 

in vacuo. EtOAc (20 mL) was added to the crude residue, followed by saturated aqueous NH4Cl 

(30 mL). The layers were separated using a separatory funnel and the aqueous layer was extracted 

with EtOAc (2  20 mL). The combined organic layers were dried over anhydrous Na2SO4, 

filtered, and concentrated in vacuo to afford (E)-4-(p-tolylthio)picolinaldehyde oxime (247 mg, 

52% yield) as a light tan solid. This material was used directly without further purification. 

(E)-4-(p-Tolylthio)picolinaldehyde oxime: m.p. = 189–192 °C; Rf = 0.40 (60% EtOAc in 

hexanes); IR (neat): vmax = 2974, 2869, 2756, 1572, 1534, 1488, 1397, 1316, 1103 cm-1; 1H NMR 

(300 MHz, 293 K, DMSO-d6): 𝛿 11.67 (s, 1H, -CH=NOH), 8.35 (d, J = 5.4 Hz, 1H, 6-H), 7.96 (s, 

1H, -CH=NOH), 7.51 (d, J = 7.8 Hz, 2H, -Ph), 7.51 (d, J = 7.8 Hz, 2H, -Ph), 7.28 (d, J = 1.8 Hz, 

1H, 3-H), 7.06 (dd, J = 5.4, 1.8 Hz, 1H, 5-H), 2.39 (s, 3H, -CH3); 
13C NMR (100 MHz, 293 K, 

DMSO-d6): 𝛿 152.3, 150.5, 149.2, 148.5, 140.2, 135.3, 131.0 124.5, 120.4, 115.0, 20.9; HRMS 

(ESI+) calcd for C13H13N2OS [M + H]+ = 245.0743, found 245.0741. 

 

 

Preparation of (E)-2-((hydroxyimino)methyl)-1-methyl-4-(p-tolylthio)pyridin-1-ium 

iodide (ADG4094): A 35-mL sealed tube with (E)-4-(p-tolylthio)picolinaldehyde oxime (125 mg, 
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0.510 mmol) was charged with acetone (2 mL) and MeI (320 L, 5.10 mmol). The vessel was 

sealed and heated to 55 °C. After 16 h at the same temperature, the reaction mixture was cooled to 

23 °C, transferred to a 25-mL round-bottomed flask, concentrated in vacuo to afford (E)-2-

((hydroxyimino)methyl)-1-methyl-4-(p-tolylthio)pyridin-1-ium iodide as an orange solid (205 mg, 

quantitative yield). 

(E)-2-((Hydroxyimino)methyl)-1-methyl-4-(p-tolylthio)pyridin-1-ium iodide: m.p. = 167–

169 °C; Rf = 0.11 (10% MeOH in CH2Cl2); IR (neat): vmax = 2985, 1630, 1588, 1556, 1489, 1430, 

1318, 1230, 1187, 1082, 1016 cm-1; 1H NMR (400 MHz, 293 K, CD3OD): 𝛿 8.49 (s, 1H, -

CH=NOH), 8.44 (d, J = 6.8 Hz, 1H, 6-H), 7.80 (d, J = 2.0 Hz, 1H, 3-H), 7.56 (d, J = 8.0 Hz, 2H, 

-Ph), 7.47–7.45 (m, 3H, 5-H and -Ph), 4.21 (s, 3H, -N+CH3), 2.45 (s, 3H, -CH3); 
13C NMR (100 

MHz, 293 K, CD3OD): 𝛿 165.4, 147.8, 145.8, 143.7, 141.5, 136.6, 132.8, 123.6, 122.7, 120.4, 

45.7, 21.4; HRMS (ESI+) calcd for C14H15N2OS [M]+ = 259.0899, found 259.0901. 

 

 

Preparation of 2-(diethoxymethyl)-4-(2-methoxyphenoxy)pyridine: A 75-mL sealed tube 

was charged with dimethyl sulfoxide (6 mL), K2CO3 (1.31 g, 9.00 mmol), and 2-methoxyphenol 

(990 L, 9.00 mmol). The mixture was stirred at room temperature for 5 min. 2-(Diethoxymethyl)-

4-nitropyridine (681 mg, 3.00 mmol) was added, the vessel was sealed and heated to 92 °C 

(external temperature) for 4 h. The reaction mixture was cooled to 23 °C and acidified with 

saturated aqueous NH4Cl (30 mL). The resulting solution was extracted with EtOAc (3  30 mL). 

The combined organic layers were dried over anhydrous Na2SO4, filtered, and concentrated in 
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vacuo. The crude material was purified by flash chromatography (10 to 50% EtOAc in hexanes) 

on silica gel (150 mL) to afford 2-(diethoxymethyl)-4-(2-methoxyphenoxy)pyridine as a red oil 

(633 mg, 69% yield). 

2-(Diethoxymethyl)-4-(2-methoxyphenoxy)pyridine: Rf = 0.50 (60% EtOAc in hexanes); IR 

(neat): vmax = 2975, 1595, 1571, 1261, 1205, 1178, 1158, 1111, 1057, 1042 cm-1; 1H NMR (400 

MHz, 293 K, CDCl3): 𝛿 8.40 (d, J = 6.0 Hz, 1H, 6-H), 7.27–7.22 (m, 1H, -Ph), 7.12–7.08 (m, 2H, 

-Ar), 7.02–6.97 (m, 1H, -Ph), 6.69 (dd, J = 6.0, 2.8 Hz, 1H, 5-H), 5.41 (s, 1H, -CH(OCH2CH3)2), 

3.77 (s, 3H, -OCH3), 3.73–3.55 (m, 4H, -CH(OCH2CH3)2), 1.23 (t, J = 7.2 Hz, 6H, -

CH(OCH2CH3)2); 
13C NMR (100 MHz, 293 K, CDCl3): 𝛿 165.4, 159.9, 151.4, 150.1, 141.8, 126.5, 

122.4, 121.1, 112.7, 110.5, 108.3, 102.2, 62.0, 55.4, 14.9; HRMS (ESI+) calcd for C17H22NO4 [M 

+ H]+ = 304.1543, found 304.1544. 

 

 

Preparation of (E)-4-(2-methoxyphenoxy)picolinaldehyde oxime: A 50-mL pear-shaped 

flask open to air with 2-(diethoxymethyl)-4-(2-methoxyphenoxy)pyridine (290 mg, 0.950 mmol) 

was charged with H2O (4 mL) and 5 M H2SO4 in H2O (290 L, 1.05 mmol). The solution was 

heated to 95 °C (external temperature). After stirring at the same temperature for 3 h, the reaction 

mixture was cooled to 23 °C and treated with K2CO3 (525 mg, 3.79 mmol) followed by MeOH (14 

mL) and NH2OH•HCl (67 mg, 0.95 mmol) at the same temperature. A reflux condenser was 

attached, and the reaction was heated to reflux while open to air. After 4 h, the reaction mixture 

was cooled to 23 °C and concentrated in vacuo. EtOAc (10 mL) was added to the crude residue, 
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followed by saturated aqueous NH4Cl (35 mL). The layers were separated using a separatory 

funnel and the aqueous layer was extracted with EtOAc (2  20 mL). The combined organic layers 

were dried over anhydrous Na2SO4, filtered, and concentrated in vacuo to afford (E)-4-(2-

methoxyphenoxy)picolinaldehyde oxime (223 mg, 96% yield) as a pale peach solid. This material 

was used directly without further purification. 

(E)-4-(2-Methoxyphenoxy)picolinaldehyde oxime: m.p. = 170–172 °C; Rf = 0.46 (60% 

EtOAc in hexanes); IR (neat): vmax = 2971, 1599, 1580, 1439, 1279, 1249, 1177, 1044, 1029 cm-

1; 1H NMR (400 MHz, 293 K, DMSO-d6): 𝛿 11.66 (s, 1H, -CH=NOH), 8.41 (d, J = 5.6 Hz, 1H, 6-

H), 7.99 (s, 1H, -CH=NOH), 7.35–7.30 (m, 1H, -Ph), 7.25–7.21 (m, 2H, -Ph), 7.07–7.02 (m, 2H, 

-Ar), 6.90 (dd, J = 5.6, 2.4 Hz, 1H, 5-H), 3.72 (s, 3H, -OCH3); 
13C NMR (100 MHz, 293 K, DMSO-

d6): 𝛿 165.1, 154.4, 151.8, 151.5, 148.9, 141.4, 127.8, 123.2, 121.8, 114.1 112.1, 105.6, 56.2; 

HRMS (ESI+) calcd for C13H13N2O3 [M + H] = 245.0921, found 245.0923. 

 

 

Preparation of (E)-2-((hydroxyimino)methyl)-1-methyl-4-(2-methoxyphenoxy)pyridin-1-

ium iodide (ADG3120): A 35-mL sealed tube with (E)-4-(2-methoxyphenoxy)picolinaldehyde 

oxime (108 mg, 0.440 mmol) was charged with acetone (1 mL) and MeI (270 L, 4.40 mmol). 

The vessel was sealed and heated to 55 °C (external temperature). After 17 h at the same 

temperature, the reaction mixture was cooled to 23 °C, transferred to a 25-mL round-bottomed 

flask, concentrated in vacuo, and recrystallized from acetone/EtOAc (1:1) to yield (E)-2-
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((hydroxyimino)methyl)-1-methyl-4-(2-methoxyphenoxy)pyridin-1-ium iodide as a light yellow 

solid (149 mg, 87% yield). 

(E)-2-((Hydroxyimino)methyl)-1-methyl-4-(2-methoxyphenoxy)pyridin-1-ium iodide: m.p. 

= 180–182 °C; Rf = 0.11 (10% MeOH in CH2Cl2); IR (neat): vmax = 3122, 2982, 1578, 1497, 1462, 

1419, 1337, 1297, 1270, 1171, 1104, 1006 cm-1; 1H NMR (300 MHz, 293 K, DMSO-d6): 𝛿 13.01 

(s, 1H, -CH=NOH), 8.79 (d, J = 7.2 Hz, 1H, 6-H), 8.56 (s, 1H, -CH=NOH), 7.54 (dd, J = 7.2, 3.3 

Hz, 1H, 5-H), 7.45–7.40 (m, 2H, -Ph), 7.36–7.31 (m, 2H, -Ar), 7.14–7.09 (m, 1H, -Ph), 4.20 (s, 

3H, -N+CH3), 3.75 (s, 3H, -OCH3); 
13C NMR (100 MHz, 293 K, DMSO-d6): 𝛿 168.8, 150.9, 149.9, 

149.2, 141.9, 140.2, 129.1, 122.8, 122.2, 114.5, 114.4, 109.6, 56.5, 45.2; HRMS (ESI+) calcd for 

C14H15N2O3 [M]+ = 259.1077, found 259.1083. 

 

Preparation of 2-(diethoxymethyl)-4-(3-methoxyphenoxy)pyridine: A 75-mL sealed tube 

was charged with dimethyl sulfoxide (6 mL), K2CO3 (1.23 g, 9.00 mmol), and 3-methoxyphenol 

(980 L, 9.00 mmol). The mixture was stirred at room temperature for 5 min. 2-(Diethoxymethyl)-

4-nitropyridine (680 mg, 3.00 mmol) was added, the vessel was sealed and heated to 100 °C 

(external temperature) for 6 h. The reaction mixture was cooled to 23 °C and acidified with 

saturated aqueous NH4Cl (20 mL). The resulting solution was extracted with EtOAc (3  15 mL). 

The combined organic layers were dried over anhydrous Na2SO4, filtered, and concentrated in 

vacuo. The crude material was purified by flash chromatography (0 to 50% EtOAc in hexanes) on 

silica gel (80 mL) to afford 2-(diethoxymethyl)-4-(3-methoxyphenoxy)pyridine as a yellow oil 

(812 mg, 88% yield). 
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2-(Diethoxymethyl)-4-(3-methoxyphenoxy)pyridine: Rf = 0.61 (60% EtOAc in hexanes); IR 

(neat): vmax = 2975, 1583, 1346, 1284, 1264, 1192, 1170, 1132, 1110, 1057 cm-1; 1H NMR (400 

MHz, 293 K, CDCl3): 𝛿 8.43 (d, J = 5.6 Hz, 1H, 6-H), 7.31 (app t, J = 8.0 Hz, 1H, -Ar), 7.19 (d, J 

= 2.4 Hz, 1H, 3-H), 6.80–6.76 (m, 2H, -Ar), 6.69–6.63 (m, 2H, -Ph), 5.42 (s, 1H, -

CH(OCH2CH3)2), 3.80 (s, 3H, -OCH3), 3.76–3.56 (m, 4H, -CH(OCH2CH3)2) 1.24 (t, J = 7.2 Hz, 

6H, -CH(OCH2CH3)2); 
13C NMR (100 MHz, 293 K, CDCl3): 𝛿 165.2, 161.0, 160.4, 155.0, 150.4, 

130.4, 112.6, 111.6, 110.9, 109.4, 106.5, 102.3, 62.2. 55.2, 15.0; HRMS (ESI+) calcd for 

C17H22NO4 [M + H]+ = 304.1543, found 304.1548. 

 

 

Preparation of (E)-4-(3-methoxyphenoxy)picolinaldehyde oxime: A 50-mL pear-shaped 

flask open to air with 2-(diethoxymethyl)-4-(3-methoxyphenoxy)pyridine (260 mg, 0.850 mmol) 

was charged with H2O (4 mL) and 5 M H2SO4 in H2O (190 L, 0.950 mmol). The solution was 

heated to 85 °C (external temperature). After stirring at the same temperature for 3 h, the reaction 

mixture was cooled to 23 °C and treated with K2CO3 (475 mg, 3.44 mmol) followed by MeOH (14 

mL) and NH2OH•HCl (69 mg, 0.99 mmol) at the same temperature. A reflux condenser was 

attached, and the reaction was heated to reflux while open to air. After 2 h, the reaction mixture 

was cooled to 23 °C and concentrated in vacuo. EtOAc (10 mL) was added to the crude residue, 

followed by saturated aqueous NH4Cl (10 mL). The layers were separated using a separatory 

funnel and the aqueous layer was extracted with EtOAc (2  10 mL). The combined organic layers 

were dried over anhydrous Na2SO4, filtered, and concentrated in vacuo to afford (E)-4-(3-
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methoxyphenoxy)picolinaldehyde oxime (190 mg, 91% yield) as a pale green solid. This material 

was used directly without further purification. 

(E)-4-(3-Methoxyphenoxy)picolinaldehyde oxime: m.p. = 144–147 °C; Rf = 0.36 (60% 

EtOAc in hexanes); IR (neat): vmax = 2982, 1582, 1487, 1283, 1246, 1194, 1173, 1132, 1039 cm-

1; 1H NMR (400 MHz, 293 K, DMSO-d6): 𝛿 11.70 (s, 1H, -CH=NOH), 8.46 (d, J = 5.6 Hz, 1H, 6-

H), 8.02 (s, 1H, -CH=NOH), 7.41 (app t, J = 8.0, 1H, -Ph), 7.16 (d, J = 2.4 Hz, 1H, 3-H), 7.00 (dd, 

J = 5.6, 2.4 Hz, 1H, 5-H), 6.90 (dd, J = 8.4, 2.0 Hz, 1H, -Ph), 6.90 (dd, J = 8.4, 2.0 Hz, 1H, -Ph), 

6.81 (app t, J = 2.0, 1H, -Ph), 6.76 (dd, J = 8.0, 2.0 Hz, 1H, -Ph), 3.77 (s, 3H, -OCH3); 
13C NMR 

(100 MHz, 293 K, DMSO-d6): 𝛿 164.9, 161.4, 154.8, 154.6, 151.7, 148.8, 131.4, 113.2, 113.0, 

112.0, 107.3, 106.8, 55.9; HRMS (ESI+) calcd for C13H13N2O3 [M + H]+ = 245.0921, found 

245.0925. 

 

 

Preparation of (E)-2-((hydroxyimino)methyl)-1-methyl-4-(3-methoxyphenoxy)pyridin-1-

ium iodide (ADG3128): A 35-mL sealed tube with (E)-4-(3-methoxyphenoxy)picolinaldehyde 

oxime (196 mg, 0.800 mmol) was charged with acetone (2 mL) and MeI (490 L, 8.00 mmol). 

The vessel was sealed and heated to 40 °C (external temperature). After 18 h at the same 

temperature, the reaction mixture was cooled to 23 °C, transferred to a 25-mL round-bottomed 

flask, and concentrated in vacuo. The crude residue was dry-loaded and purified by flash 

chromatography (5 to 40% MeOH in CH2Cl2) on silica gel (10 mL) to afford (E)-2-
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((hydroxyimino)methyl)-1-methyl-4-(3-methoxyphenoxy)pyridin-1-ium iodide as a light brown 

solid (247 mg, 80% yield). 

(E)-2-((Hydroxyimino)methyl)-1-methyl-4-(3-methoxyphenoxy)pyridin-1-ium iodide: m.p. 

= 67–70 °C; Rf = 0.11 (10% MeOH in CH2Cl2); IR (neat): vmax = 3107, 1639, 1605, 1583, 1514, 

1486, 1460, 1448, 1333, 1298, 1284, 1259, 1202, 1142, 1123, 1074, 1031 cm-1; 1H NMR (400 

MHz, 293 K, DMSO-d6): 𝛿 13.07 (s, 1H, -CH=NOH), 8.83 (d, J = 6.8 Hz, 1H, 6-H), 8.60 (s, 1H, 

-CH=NOH), 7.61 (dd, J = 6.8, 2.4 Hz, 1H, 5-H), 7.54 (d, J = 3.2 Hz, 1H, -Ph), 7.50 (t, J = 8.0 Hz, 

1H, -Ph), 7.02 (dd, J = 8.0, 2.0 Hz, 1H, -Ph), 6.96 (d, J = 2.4 Hz, 1H, 3-H), 6.89 (dd, J = 8.0, 2.0 

Hz, 1H, -Ph), 4.23 (s, 3H, -N+CH3), 3.79 (s, 3H, -OCH3); 
13C NMR (100 MHz, 293 K, DMSO-

d6): 𝛿 168.9, 161.6, 153.4, 149.9, 149.3, 141.9, 132.0, 115.1, 113.6, 113.1, 110.4, 107.3, 56.1, 45.2; 

HRMS (ESI+) calcd for C14H15N2O3 [M]+ = 259.1077, found 259.1084. 

 

 

Preparation of 2-(diethoxymethyl)-4-(4-methoxyphenoxy)pyridine: A 75-mL sealed tube 

was charged with dimethyl sulfoxide (6 mL), K2CO3 (1.26 g, 9.00 mmol), and 4-methoxyphenol 

(1.34 g, 9.00 mmol). The mixture was stirred at room temperature for 30 min. 2-(Diethoxymethyl)-

4-nitropyridine (689 mg, 3.00 mmol) was added, the vessel was sealed and heated to 95 °C 

(external temperature) for 17 h. The reaction mixture was cooled to 23 °C and acidified with 

saturated aqueous NH4Cl (20 mL). The resulting solution was layers was extracted with EtOAc (3 

 15 mL). The combined organic layers were dried over anhydrous Na2SO4, filtered, and 

concentrated in vacuo. The crude material was purified by flash chromatography (0 to 50% EtOAc 
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in hexanes) on silica gel (80 mL) to afford 2-(diethoxymethyl)-4-(4-methoxyphenoxy)pyridine as 

a pale yellow oil (587 mg, 65% yield). 

2-(Diethoxymethyl)-4-(4-methoxyphenoxy)pyridine: Rf = 0.53 (60% EtOAc in hexanes); IR 

(neat): vmax = 2975, 2880, 1609, 1589, 1570, 1288, 1244, 1180, 1109, 1082 cm-1; 1H NMR (400 

MHz, 293 K, CDCl3): 𝛿 8.40 (d, J = 6.0 Hz, 1H, 6-H), 7.13 (d, J = 2.4 Hz, 1H, 3-H), 7.03–7.00 

(m, 2H, -Ph), 6.95–6.92 (m, 2H, -Ar), 6.70 (dd, J = 6.0, 2.4 Hz, 1H, 5-H), 5.41 (s, 1H, -

CH(OCH2CH3)2), 3.83 (s, 3H, -OCH3), 3.74–3.55 (m, 4H, -CH(OCH2CH3)2), 1.24 (t, J = 6.8 Hz, 

6H, -CH(OCH2CH3)2); 
13C NMR (100 MHz, 293 K, CDCl3): 𝛿 166.1, 160.3, 156.9, 150.3, 147.1, 

121.8, 115.0, 111.0, 108.8, 62.2, 55.4, 15.0; HRMS (ESI+) calcd for C17H22NO4 [M + H]+ = 

304.1543, found 304.1545. 

 

 

Preparation of (E)-4-(4-methoxyphenoxy)picolinaldehyde oxime: A 50-mL pear-shaped 

flask open to air with 2-(diethoxymethyl)-4-(4-methoxyphenoxy)pyridine (298 mg, 0.980 mmol) 

was charged with H2O (4 mL) and 5 M H2SO4 in H2O (290 L, 1.47 mmol). The solution was 

heated to 95 °C (external temperature). After stirring at the same temperature for 3 h, the reaction 

mixture was cooled to 23 °C and treated with K2CO3 (548 mg, 3.92 mmol) followed by MeOH (14 

mL) and NH2OH•HCl (68 mg, 0.98 mmol) at the same temperature. A reflux condenser was 

attached, and the reaction was heated to reflux while open to air. After 3.5 h, the reaction mixture 

was cooled to 23 °C and concentrated in vacuo. EtOAc (10 mL) was added to the crude residue, 

followed by saturated aqueous NH4Cl (35 mL). The layers were separated using a separatory 
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funnel and the aqueous layer was extracted with EtOAc (2  20 mL). The combined organic layers 

were dried over anhydrous Na2SO4, filtered, and concentrated in vacuo to afford (E)-4-(4-

methoxyphenoxy)picolinaldehyde oxime (240 mg, quantitative yield) as a white solid. This 

material was used directly without further purification.  

(E)-4-(4-Methoxyphenoxy)picolinaldehyde oxime: m.p. = 147–150 °C; Rf = 0.34 (60% 

EtOAc in hexanes); IR (neat): vmax = 2982, 2692, 1589, 1560, 1432, 1294, 1265, 1244, 1181, 1102, 

1035, 1007 cm-1; 1H NMR (400 MHz, 293 K, DMSO-d6): 𝛿 11.67 (s, 1H, -CH=NOH), 8.43 (d, J 

= 6.0 Hz, 1H, 6-H), 8.01 (s, 1H, -CH=NOH), 7.17–7.14 (m, 2H, -Ph), 7.10 (d, J = 2.4 Hz, 1H, 3-

H), 7.06–7.03 (m, 2H, -Ph), 6.95 (dd, J = 6.0, 2.4 Hz, 1H, 5-H), 3.79 (s, 3H, -OCH3); 
13C NMR 

(100 MHz, 293 K, DMSO-d6): 𝛿 165.7, 157.4, 154.6, 151.6, 148.9, 146.9, 122.7, 115.9, 112.7, 

106.3, 56.0; HRMS (ESI+) calcd for C13H13N2O3 [M + H]+ = 245.0920, found 245.0923. 

 

 

Preparation of (E)-2-((hydroxyimino)methyl)-1-methyl-4-(4-methoxyphenoxy)pyridin-1-

ium iodide (ADG3121): A 35-mL sealed tube with (E)-4-(4-methoxyphenoxy)picolinaldehyde 

oxime (116 mg, 0.470 mmol) was charged with acetone (1 mL) and MeI (290 L, 4.70 mmol). 

The vessel was sealed and heated to 55 °C (external temperature). After 17 h at the same 

temperature, the reaction mixture was cooled to 23 °C, transferred to a 25-mL round-bottomed 

flask, concentrated in vacuo, and recrystallized from acetone/EtOAc (1:1) to afford (E)-2-

((hydroxyimino)methyl)-1-methyl-4-(4-methoxyphenoxy)pyridin-1-ium iodide as a tan solid (161 

mg, 89% yield). 
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(E)-2-((Hydroxyimino)methyl)-1-methyl-4-(4-methoxyphenoxy)pyridin-1-ium iodide: m.p. 

= 160–162 °C; Rf = 0.10 (10% MeOH in CH2Cl2); IR (neat): vmax = 2982, 1633, 1597, 1498, 1451, 

1339, 1297, 1248, 1182, 1136, 1103, 1002 cm-1; 1H NMR (400 MHz, 293 K, DMSO-d6): 𝛿 13.05 

(s, 1H, -CH=NOH), 8.81 (d, J = 7.2 Hz, 1H, 6-H), 8.59 (s, 1H, -CH=NOH), 7.58 (dd, J = 7.2, 3.2 

Hz, 1H, 5-H), 7.50 (d, J = 3.2 Hz, 1H, 3-H), 7.27 (br d, J = 8.8 Hz, 2H, -Ph), 7.12 (br d, J = 8.8 

Hz, 2H, -Ph), 4.22 (s, 3H, -N+CH3), 3.81 (s, 3H, -OCH3); 
13C NMR (100 MHz, 293 K, DMSO-

d6): 𝛿 169.6, 158.3, 149.9, 149.2, 145.8, 141.9, 122.5, 116.3, 114.9, 110.1, 56.1, 45.2; HRMS 

(ESI+) calcd for C14H15N2O3 [M]+ = 259.1077, found 259.1085. 

 

 

Preparation of 2-(diethoxymethyl)-4-((2-methoxyphenyl)thio)pyridine: A 75-mL sealed 

tube was charged with dimethyl sulfoxide (4 mL), K2CO3 (1.65 g, 12.0 mmol), and 2-

methoxybenzenethiol (1.46 g, 12.0 mmol). The mixture was stirred at room temperature for 30 

min. 2-(Diethoxymethyl)-4-nitropyridine (905 mg, 4.00 mmol) was added, the vessel was sealed 

and heated to 95 °C for 18 h. The reaction mixture was cooled to 23 °C and neutralized with 

saturated aqueous NH4Cl (20 mL). The resulting solution was extracted with EtOAc (3  15 mL). 

The combined organic layers were dried over anhydrous Na2SO4, filtered, and concentrated in 

vacuo. The crude material was purified by flash chromatography (15 to 50% EtOAc in hexanes) 

on silica gel (100 mL) to afford 2-(diethoxymethyl)-4-((2-methoxyphenyl)thio)pyridine as an 

amber oil (1.21 g, 95% yield). 
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2-(Diethoxymethyl)-4-((2-methoxyphenyl)thio)pyridine: Rf = 0.40 (60% EtOAc in 

hexanes); IR (neat): vmax = 2973, 1575, 1542, 1476, 1446, 1432, 1392, 1368, 1343, 1294, 1275, 

1248, 1179, 1162, 1112, 1090, 1059 cm-1; 1H NMR (400 MHz, 293 K, DMSO-d6): 𝛿 8.28 (d, J = 

5.2 Hz, 1H, 6-H), 7.59–7.53 (m, 2H, -Ph), 7.22 (dd, J = 8.2, 0.8 Hz, 1H, -Ph), 7.07 (td, J = 8.2, 0.8 

Hz, 1H, -Ph), 6.97 (d, J = 1.6 Hz, 1H, 3-H), 6.93 (dd, J = 5.2, 1.6 Hz, 1H, 5-H), 5.26 (s, 1H, -

CH(OCH2CH3)2), 3.75 (s, 3H, -OCH3), 3.58–3.40 (m, 4H, -CH(OCH2CH3)2), 1.07 (t, J = 6.8 Hz, 

6H, -CH(OCH2CH3)2); 
13C NMR (100 MHz, 293 K, DMSO-d6): 𝛿 159.5, 157.8, 149.1, 148.4, 

136.7, 132.5, 121.6, 119.8, 116.4, 115.5, 112.4, 101.9, 61.7, 55.9, 15.0; HRMS (ESI+) calcd for 

C17H22NO3S [M + H]+ = 320.1315, found 320.1315. 

 

 

Preparation of (E)-4-((2-methoxyphenyl)thio)picolinaldehyde oxime: A 100-mL pear-

shaped flask open to air with 2-(diethoxymethyl)-4-((2-methoxyphenyl)thio)pyridine (628 mg, 

1.97 mmol) was charged with H2O (5 mL) and 5 M H2SO4 in H2O (430 L, 2.16 mmol). The 

solution was heated to 85 °C. After stirring at the same temperature for 2.5 h, the reaction mixture 

was cooled to 23 °C and treated with K2CO3 (1.09 g, 7.88 mmol) followed by MeOH (25 mL) and 

NH2OH•HCl (137 mg, 1.97 mmol) at the same temperature. A reflux condenser was attached, and 

the reaction was heated to reflux while open to air. After 5.8 h, the reaction mixture was cooled to 

23 °C and concentrated in vacuo. EtOAc (20 mL) was added to the crude residue, followed by 

saturated aqueous NH4Cl (30 mL). The layers were separated using a separatory funnel and the 

aqueous layer was extracted with EtOAc (2  15 mL). The combined organic layers were dried 
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over anhydrous Na2SO4, filtered, and concentrated in vacuo to afford (E)-4-((2-

methoxyphenyl)thio)picolinaldehyde oxime (237 mg, 91% yield) as a light tan solid. This material 

was used directly without further purification.  

(E)-4-((2-Methoxyphenyl)thio)picolinaldehyde oxime: m.p. = 193–196 °C; Rf = 0.22 (60% 

EtOAc in hexanes); IR (neat): vmax = 2927, 2860, 2753, 1575, 1536, 1475, 1463, 1430, 1275, 1249, 

1229, 1023 cm-1; 1H NMR (300 MHz, 293 K, DMSO-d6): 𝛿 11.66 (s, 1H, -CH=NOH), 8.33 (d, J 

= 5.4 Hz, 1H, 6-H), 7.96 (s, 1H, -CH=NOH), 7.60–7.55 (m, 2H, -Ar), 7.25–7.21 (m, 2H, -Ar), 

7.12–7.02 (m, 2H, -Ar), 3.77 (s, 3H, -OCH3); 
13C NMR (100 MHz, 293 K, DMSO-d6): 𝛿 160.1, 

152.4, 149.8, 149.4, 148.9, 137.4, 133.1, 122.1, 120.7, 115.6, 115.3, 113.0, 56.4; HRMS (ESI+) 

calcd for C13H13N2O2S [M + H]+ = 261.0692, found 261.0694. 

 

 

Preparation of (E)-2-((hydroxyimino)methyl)-4-((2-methoxyphenyl)thio)-1-methylpyridin-

1-ium iodide (ADG4118): A 35-mL sealed tube with (E)-4-((2-

methoxyphenyl)thio)picolinaldehyde oxime (54 mg, 0.21 mmol) was charged with acetone (1 mL) 

and MeI (130 L, 2.10 mmol). The vessel was sealed and heated to 50 °C. After 20 h at the same 

temperature, the reaction mixture was cooled to 23 °C, transferred to a 25-mL round-bottomed 

flask, concentrated in vacuo to afford (E)-2-((hydroxyimino)methyl)-4-((2-methoxyphenyl)thio)-

1-methylpyridin-1-ium iodide as a yellow orange solid (66 mg, 88% yield). 

(E)-2-((Hydroxyimino)methyl)-4-((2-methoxyphenyl)thio)-1-methylpyridin-1-ium iodide: 

m.p. = 178–180 °C; Rf = 0.10 (100% EtOAc); IR (neat): vmax = 3129, 1625, 1581, 1552, 1472, 
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1433, 1275, 1238, 1183, 1081, 1002 cm-1; 1H NMR (400 MHz, 293 K, DMSO-d6): 𝛿 12.99 (s, 1H, 

-CH=NOH), 8.59 (d, J = 6.8 Hz, 1H, 6-H), 8.53 (s, 1H, -CH=NOH), 7.72–7.59 (m, 4H, -Ar), 7.33 

(d, J = 8.0 Hz, 1H, -Ar), 7.17 (t, J = 7.2 Hz, 1H, -Ar), 4.16 (s, 3H, -N+CH3), 3.80 (s, 3H, -OCH3); 

13C NMR (100 MHz, 293 K, DMSO-d6): 𝛿 161.0, 159.9, 146.3, 145.3, 141.9, 137.4, 134.6, 122.6, 

122.2, 118.4, 113.6, 113.1, 56.8, 45.4; HRMS (ESI+) calcd for C14H15N2O2S [M]+ = 275.0849, 

found 275.0853. 

 

 

Preparation of 2-(diethoxymethyl)-4-((3-methoxyphenyl)thio)pyridine: A 75-mL sealed 

tube was charged with dimethyl sulfoxide (4 mL), K2CO3 (1.66 g, 12.0 mmol), and 3-

methoxybenzenethiol (1.74 mL, 12.0 mmol). The mixture was stirred at room temperature for 15 

min. 2-(Diethoxymethyl)-4-nitropyridine (905 mg, 4.00 mmol) was added, the vessel was sealed 

and heated to 95 °C for 14 h. The reaction mixture was cooled to 23 °C and neutralized with 

saturated aqueous NH4Cl (20 mL). The resulting solution was extracted with EtOAc (3  20 mL). 

The combined organic layers were dried over anhydrous Na2SO4, filtered, and concentrated in 

vacuo. The crude material was purified by flash chromatography (0 to 40% EtOAc in hexanes) on 

silica gel (100 mL) to afford 2-(diethoxymethyl)-4-((3-methoxyphenyl)thio)pyridine as an amber 

oil (1.26 g, 98% yield). 

2-(Diethoxymethyl)-4-((3-methoxyphenyl)thio)pyridine: Rf = 0.55 (60% EtOAc in 

hexanes); IR (neat): vmax = 2978, 1589, 1573, 1479, 1343, 1283, 1246, 1231, 1159, 1111, 1091, 

1056, 1038 cm-1; 1H NMR (400 MHz, 293 K, CDCl3): 𝛿 8.33 (d, J = 5.2 Hz, 1H, 6-H), 7.35 (app 
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t, J = 7.6 Hz, 2H, 3-H and -Ph), 7.13 (d, J = 7.6 Hz, 1H, -Ph), 7.07 (t, J = 2.4 Hz, 1H, -Ph), 6.99 

(dd, J = 7.6, 2.4 Hz, 1H, -Ph), 6.85 (dd, J = 5.2, 2.4 Hz, 1H, 5-H), 5.39 (s, 1H, -CH(OCH2CH3)2), 

3.81 (s, 3H, -OCH3), 3.74–3.53 (m, 4H, -CH(OCH2CH3)2), 1.22 (t, J = 7.2 Hz, 6H, -

CH(OCH2CH3)2); 
13C NMR (100 MHz, 293 K, CDCl3): 𝛿 160.3, 157.9, 150.9, 148.7, 130.6, 130.4, 

127.0, 120.4, 119.7, 118.2, 115.7, 102.3, 62.2, 55.3, 15.0; HRMS (ESI+) calcd for C17H22NO3S 

[M + H]+ = 320.1315, found 320.1315. 

 

 

Preparation of (E)-4-((3-methoxyphenyl)thio)picolinaldehyde oxime: A 100-mL pear-

shaped flask open to air with 2-(diethoxymethyl)-4-((3-methoxyphenyl)thio)pyridine (481 mg, 

1.50 mmol) was charged with H2O (5 mL) and 5 M H2SO4 in H2O (330 L, 1.65 mmol). The 

solution was heated to 95 °C. After stirring at the same temperature for 3 h, the reaction mixture 

was cooled to 23 °C and treated with K2CO3 (829 mg, 6.00 mmol) followed by MeOH (20 mL) 

and NH2OH•HCl (104 mg, 1.50 mmol) at the same temperature. A reflux condenser was attached, 

and the reaction was heated to reflux while open to air. After 3.5 h, the reaction mixture was cooled 

to 23 °C and concentrated in vacuo. EtOAc (20 mL) was added to the crude residue, followed by 

saturated aqueous NH4Cl (20 mL). The layers were separated using a separatory funnel and the 

aqueous layer was extracted with EtOAc (2  10 mL). The combined organic layers were dried 

over anhydrous Na2SO4, filtered, and concentrated in vacuo to afford (E)-4-((3-

methoxyphenyl)thio)picolinaldehyde oxime (271 mg, 69% yield) as an off white solid. This 

material was used directly without further purification.  
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(E)-4-((3-Methoxyphenyl)thio)picolinaldehyde oxime: m.p. = 190–193 °C; Rf = 0.36 (60% 

EtOAc in hexanes); IR (neat): vmax = 2980, 2834, 2698, 1590, 1571, 1534, 1500, 1479, 1462, 1440, 

1413, 1401, 1309, 1281, 1245, 1231, 1156, 1117, 1036 cm-1; 1H NMR (400 MHz, 293 K, DMSO-

d6): 𝛿 11.71 (s, 1H, -CH=NOH), 8.37 (d, J = 5.2 Hz, 1H, 6-H), 7.97 (s, 1H, -CH=NOH), 7.46 (t, J 

= 8.4 Hz, 1H, -Ph), 7.13 (d, J = 1.6 Hz, 1H, 3-H), 7.19–7.14 (m, 4H, -Ar), 3.78 (s, 3H, -OCH3); 

13C NMR (100 MHz, 293 K, DMSO-d6): 𝛿 160.7, 152.7, 150.2, 149.7, 148.9, 131.7, 129.7, 127.5, 

121.2, 120.3, 116.7, 115.9, 55.9; HRMS (ESI+) calcd for C13H13N2O2S [M + H]+ = 261.0692, 

found 261.0689. 

 

 

Preparation of (E)-2-((hydroxyimino)methyl)-4-((3-methoxyphenyl)thio)-1-methylpyridin-

1-ium iodide (ADG4153): A 25-mL sealed tube with (E)-4-((3-

methoxyphenyl)thio)picolinaldehyde oxime (64 mg, 0.24 mmol) was charged with acetone (2 mL) 

and MeI (150 L, 2.40 mmol). The vessel was sealed and heated to 45 °C. After 20 h at the same 

temperature, the reaction mixture was cooled to 23 °C, transferred to a 25-mL round-bottomed 

flask, and concentrated in vacuo. The crude residue was dry-loaded and purified by flash 

chromatography (5 to 40% MeOH in CH2Cl2) on silica gel (10 mL) to afford (E)-2-

((hydroxyimino)methyl)-4-((3-methoxyphenyl)thio)-1-methylpyridin-1-ium iodide as a yellow 

solid (60 mg, 62% yield). 

(E)-2-((Hydroxyimino)methyl)-4-((3-methoxyphenyl)thio)-1-methylpyridin-1-ium iodide: 

m.p. = 170–173 °C; Rf = 0.10 (10% MeOH in CH2Cl2); IR (neat): vmax = 2980, 1628, 1584, 1553, 
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1492, 1474, 1424, 1318, 1306, 1286, 1235, 1188, 1086, 1036, 1013 cm-1; 1H NMR (400 MHz, 293 

K, CD3OD): 𝛿 8.50 (s, 1H, -CH=NOH), 8.44 (d, J = 7.2 Hz, 1H, 6-H), 7.85 (d, J = 2.0 Hz, 1H, 3-

H), 7.54 (t, J = 8.0 Hz, 1H, -Ph), 7.48 (dd, J = 7.2, 2.0 Hz, 1H, 5-H), 7.26–7.21 (m, 3H, -Ph), 4.21 

(s, 3H, -N+CH3), 3.85 (s, 3H, -OCH3); 
13C NMR (100 MHz, 293 K, CD3OD): 𝛿 164.9, 162.7, 

147.8, 145.9, 141.5, 132.9, 128.4, 128.0, 122.8, 121.4, 120.5, 118.6, 56.2, 45.8; HRMS (ESI+) 

calcd for C14H15N2O2S [M]+ =275.0848, found 275.0836. 

 

 

Preparation of 2-(diethoxymethyl)-4-((4-methoxyphenyl)thio)pyridine: A 75-mL sealed 

tube was charged with dimethyl sulfoxide (4 mL), K2CO3 (1.65 g, 12.0 mmol), and 4-

methoxythiophenol (1.48 mL, 12.0 mmol). The mixture was stirred at room temperature for 5 min. 

2-(Diethoxymethyl)-4-nitropyridine (909 mg, 4.00 mmol) was added, the vessel was sealed and 

heated to 93 °C for 6 h. The reaction mixture was cooled to 23 °C and neutralized with saturated 

aqueous NH4Cl (25 mL). The resulting solution was extracted with EtOAc (3  25 mL). The 

combined organic layers were dried over anhydrous Na2SO4, filtered, and concentrated in vacuo. 

The crude material was purified by flash chromatography (0 to 40% EtOAc in hexanes) on silica 

gel (170 mL) to afford 2-(diethoxymethyl)-4-((4-methoxyphenyl)thio)pyridine as a pale yellow oil 

(973 mg, 76% yield). 

2-(Diethoxymethyl)-4-((4-methoxyphenyl)thio)pyridine: Rf = 0.41 (60% EtOAc in 

hexanes); IR (neat): vmax = 2974, 2884, 1577, 1492, 1461, 1393, 1340, 1290, 1248, 1174, 1109, 

1059, 1030 cm-1; 1H NMR (400 MHz, 293 K, DMSO-d6): 𝛿 8.29 (d, J = 5.2 Hz, 1H, 6-H), 7.54 
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(dd, J = 8.8, 3.2 Hz, 2H, -Ph), 7.12 (dd, J = 8.8, 3.2 Hz, 2H, -Ph), 7.03 (d, J = 1.6 Hz, 1H, 3-H), 

6.91 (dd, J = 5.2, 1.6 Hz, 1H, 5-H), 5.27 (s, 1H, -CH(OCH2CH3)2), 3.83 (s, 3H, -OCH3) 3.60–3.41 

(m, 4H, -CH(OCH2CH3)2), 1.08 (t, J = 7.2 Hz, 6H, -CH(OCH2CH3)2); 
13C NMR (100 MHz, 293 

K, DMSO-d6): 𝛿 161.3, 158.5, 151.7, 149.1, 137.7, 119.9, 118.8, 116.7, 116.3, 102.4, 62.2, 55.9, 

15.5; HRMS (ESI+) calcd for C17H22NO3S [M + H]+ = 320.1315, found 320.1314. 

 

 

Preparation of (E)-4-((4-methoxyphenyl)thio)picolinaldehyde oxime: A 50-mL pear-

shaped flask open to air with 2-(diethoxymethyl)-4-((4-methoxyphenyl)thio)pyridine (212 mg, 

0.660 mmol) was charged with H2O (2 mL) and 5 M H2SO4 in H2O (150 L, 0.730 mmol). The 

solution was heated to 95 °C. After stirring at the same temperature for 2.5 h, the reaction mixture 

was cooled to 23 °C and treated with K2CO3 (365 mg, 2.64 mmol) followed by MeOH (10 mL) 

and NH2OH•HCl (46 mg, 0.66 mmol) at the same temperature. A reflux condenser was attached, 

and the reaction was heated to reflux while open to air. After 2.5 h, the reaction mixture was cooled 

to 23 °C and concentrated in vacuo. EtOAc (10 mL) was added to the crude residue, followed by 

saturated aqueous NH4Cl (20 mL). The layers were separated using a separatory funnel and the 

aqueous layer was extracted with EtOAc (2  10 mL). The combined organic layers were dried 

over anhydrous Na2SO4, filtered, and concentrated in vacuo to afford (E)-4-((4-

methoxyphenyl)thio)picolinaldehyde oxime (150 mg, 87% yield) as a light tan solid. This material 

was used directly without further purification.  
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(E)-4-((4-Methoxyphenyl)thio)picolinaldehyde oxime: m.p. = 203–206 °C; Rf = 0.36 (60% 

EtOAc in hexanes); IR (neat): vmax = 2975, 2747, 1576, 1491, 1456, 1395, 1290, 1246, 1175, 1105, 

1028 cm-1; 1H NMR (300 MHz, 293 K, DMSO-d6): 𝛿 11.69 (s, 1H, -CH=NOH), 8.35 (d, J = 5.1 

Hz, 1H, 6-H), 7.96 (s, 1H, -CH=NOH), 8.57 (d, J = 8.7 Hz, 2H, -Ph), 7.24 (d, J = 1.5 Hz, 1H, 3-

H), 7.12 (d, J = 8.7 Hz, 2H, -Ph), 7.06 (dd, J = 5.1, 1.5 Hz, 1H, 5-H), 3.84 (s, 3H, -OCH3); 
13C 

NMR (100 MHz, 293 K, DMSO-d6): 𝛿 161.3, 152.7, 151.7, 149.5, 148.9, 137.8, 120.5, 118.5, 

116.4, 115.2, 55.9; HRMS (ESI+) calcd for C13H13N2O2S [M + H]+ = 261.0692, found 261.0715. 

 

 

Preparation of (E)-2-((hydroxyimino)methyl)-4-((4-methoxyphenyl)thio)-1-methylpyridin-

1-ium iodide (ADG3192): A 35-mL sealed tube with (E)-4-((4-

methoxyphenyl)thio)picolinaldehyde oxime (149 mg, 0.570 mmol) was charged with acetone (2 

mL) and MeI (350 L, 5.57 mmol). The vessel was sealed and heated to 47 °C. After 15 h at the 

same temperature, the reaction mixture was cooled to 23 °C, transferred to a 25-mL round-

bottomed flask, concentrated in vacuo to afford (E)-2-((hydroxyimino)methyl)-4-((4-

methoxyphenyl)thio)-1-methylpyridin-1-ium iodide as an orange solid (101 mg, 44% yield). 

(E)-2-((Hydroxyimino)methyl)-4-((4-methoxyphenyl)thio)-1-methylpyridin-1-ium iodide: 

m.p. = 190–193 °C; Rf = 0.15 (100% EtOAc); IR (neat): vmax = 2979, 1623, 1590, 1489, 1430, 

1296, 1249, 1170, 1078, 1026 cm-1; 1H NMR (500 MHz, 293 K, CD3OD): 𝛿 8.49 (s, 1H, -

CH=NOH), 8.42 (d, J = 7.0 Hz, 1H, 6-H), 7.78 (d, J = 2.0 Hz, 1H, 3-H), 7.59 (d, J = 8.5 Hz, 2H, 

-Ph), 7.46 (dd, J = 7.0, 2.0 Hz, 1H, 5-H), 7.17 (d, J = 8.5 Hz, 2H, -Ph), 4.20 (s, 3H, -N+CH3), 3.89 
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(s, 3H, -OCH3); 
13C NMR (125 MHz, 293 K, CD3OD): 𝛿 165.9, 163.7, 147.6, 145.7, 141.4, 138.4, 

122.6, 120.2, 117.5, 117.1, 56.1, 45.8; HRMS (ESI+) calcd for C14H15N2O2S [M]+ = 275.0849, 

found 275.0836. 

 

 

Preparation of 3-((2-(diethoxymethyl)pyridin-4-yl)oxy)phenol: A 25-mL round-bottomed 

flask was charged with dimethyl sulfoxide (4 mL), K2CO3 (1.66 g, 12.0 mmol), and resorcinol 

(1.32 g, 12.0 mmol). The mixture was stirred at room temperature for 10 min. 2-(Diethoxymethyl)-

4-nitropyridine (904 mg, 4.00 mmol) was added, the vessel was sealed and heated to 95 °C 

(external temperature) for 16 h. The reaction mixture was cooled to 23 °C and acidified with 

saturated aqueous NH4Cl (30 mL). The resulting solution was extracted with EtOAc (3  25 mL). 

The combined organic layers were dried over anhydrous Na2SO4, filtered, and concentrated in 

vacuo. The crude material was purified by flash chromatography (30 to 50% EtOAc in hexanes) 

on silica gel (50 mL) to afford 3-((2-(diethoxymethyl)pyridin-4-yl)oxy)phenol as a yellow oil (625 

mg, 66% yield). 

3-((2-(Diethoxymethyl)pyridin-4-yl)oxy)phenol: Rf = 0.24 (60% EtOAc in hexanes); IR 

(neat): vmax = 2981, 2872, 1586, 1478, 1427, 1349, 1293, 1173, 1128, 1056, 1000 cm-1; 1H NMR 

(300 MHz, 293 K, DMSO-d6): 𝛿 9.83 (s, 1H, -OH), 8.41 (d, J = 5.4 Hz, 1H, 6-H), 7.27 (t, J = 8.1 

Hz, 1H, -Ph), 6.95–6.89 (m, 2H, -Ar), 6.73–6.69 (m, 1H, -Ar), 6.60–6.56 (m, 1H, -Ar), 7.27 (t, J = 

2.1 Hz, 1H, -Ph), 5.34 (s, 1H, -CH(OCH2CH3)2), 3.65–3.46 (m, 4H, -CH(OCH2CH3)2), 1.11 (t, J 

= 6.9 Hz, 6H, -CH(OCH2CH3)2); 
13C NMR (100 MHz, 293 K, DMSO-d6): 𝛿 165.1, 160.8, 159.6, 
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155.0, 151.1, 131.3, 113.2, 112.4, 111.3, 108.7, 108.0, 102.3, 62.2, 15.5; HRMS (ESI+) calcd for 

C16H20NO4 [M + H]+ = 290.1386, found 290.1372. 

 

 

Preparation of 2-(diethoxymethyl)-4-(3-isopropoxyphenoxy)pyridine: A 25-mL round-

bottomed flask was charged with dimethyl sulfoxide (3 mL), K2CO3 (464 mg, 3.36 mmol), 3-((2-

(diethoxymethyl)pyridin-4-yl)oxy)phenol (488 mg, 1.68 mmol), and 2-iodopropane (0.84 mL, 8.4 

mmol). After stirring at the same temperature for 48 h, 2-iodopropane (0.84 mL, 8.4 mmol) was 

added to the reaction mixture. After stirring at the same temperature for 16 h, the reaction mixture 

was acidified with saturated aqueous NH4Cl (20 mL). The resulting solution was extracted with 

EtOAc (3  10 mL). The combined organic layers were dried over anhydrous Na2SO4, filtered, 

and concentrated in vacuo. The crude material was purified by flash chromatography (40 to 70% 

EtOAc in hexanes) on silica gel (30 mL) to afford 2-(diethoxymethyl)-4-(3-

isopropoxyphenoxy)pyridine as a yellow oil (468 mg, 89% yield). 

2-(Diethoxymethyl)-4-(3-isopropoxyphenoxy)pyridine: Rf = 0.46 (60% EtOAc in hexanes); 

IR (neat): vmax = 2981, 2876, 1581, 1482, 1421, 1371, 1346, 1285, 1261, 1174, 1127, 1111, 1059, 

1003 cm-1; 1H NMR (300 MHz, 293 K, DMSO-d6): 𝛿 8.42 (d, J = 5.4 Hz, 1H, 6-H), 7.37 (t, J = 

8.1 Hz, 1H, -Ph), 6.96–6.84 (m, 3H, -Ar), 6.76–6.69 (m, 2H, -Ar), 5.34 (s, 1H, -CH(OCH2CH3)2), 

4.63 (sept, J = 6.0, 1H, -OCH(CH3)2), 3.65–3.45 (m, 4H, -CH(OCH2CH3)2), 1.25 (d, J = 6.0, 6H, 

-OCH(CH3)2), 1.10 (t, J = 7.2 Hz, 6H, -CH(OCH2CH3)2); 
13C NMR (100 MHz, 293 K, DMSO-
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d6): 𝛿 165.1, 160.8, 159.5, 155.0, 151.1, 131.4, 113.6, 112.8, 112.3, 108.5, 108.4, 102.3, 70.0, 62.2, 

22.1, 15.5; HRMS (ESI+) calcd for C19H26NO4 [M + H]+ = 332.1856, found 332.1840. 

 

 

Preparation of (E)-4-(3-isopropoxyphenoxy)picolinaldehyde oxime: A 50-mL pear-shaped 

flask open to air with 2-(diethoxymethyl)-4-(3-isopropoxyphenoxy)pyridine (327 mg, 0.980 

mmol) was charged with H2O (4 mL) and 5 M H2SO4 in H2O (220 L, 1.08 mmol). The solution 

was heated to 90 °C (external temperature). After stirring at the same temperature for 2.5 h, the 

reaction mixture was cooled to 23 °C and treated with K2CO3 (541 mg, 3.92 mmol) followed by 

MeOH (16 mL) and NH2OH•HCl (68 mg, 0.98 mmol) at the same temperature. A reflux condenser 

was attached, and the reaction was heated to reflux while open to air. After 3 h, the reaction mixture 

was cooled to 23 °C and concentrated in vacuo. EtOAc (10 mL) was added to the crude residue, 

followed by saturated aqueous NH4Cl (15 mL). The layers were separated using a separatory 

funnel and the aqueous layer was extracted with EtOAc (2  10 mL). The combined organic layers 

were dried over anhydrous Na2SO4, filtered, and concentrated in vacuo to afford (E)-4-(3-

isopropoxyphenoxy)picolinaldehyde oxime (213 mg, 80% yield) as a light tan solid. This material 

was used directly without further purification. 

(E)-4-(3-Isopropoxyphenoxy)picolinaldehyde oxime: m.p. = 133–136 °C; Rf = 0.38 (60% 

EtOAc in hexanes); IR (neat): vmax = 2981, 1564, 1476, 1320, 1296, 1258, 1246, 1183, 1128, 1111 

cm-1; 1H NMR (300 MHz, 293 K, DMSO-d6): 𝛿 11.69 (s, 1H, -CH=NOH), 8.46 (d, J = 5.7 Hz, 
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1H, 6-H), 8.03 (s, 1H, -CH=NOH), 7.37 (t, J = 8.4 Hz, 1H, -Ph), 7.17 (d, J = 2.7 Hz, 1H, 3-H), 

7.00 (dd, J = 5.7, 2.7 Hz, 1H, 5-H), 6.86 (dd, J = 8.1, 1.8 Hz, 1H, -Ph), 6.79–6.72 (m, 2H, -Ph), 

4.66 (sept, J = 6.0, 1H, -OCH(CH3)2), 1.26 (d, J = 6.0, 6H, -OCH(CH3)2); 
13C NMR (100 MHz, 

293 K, DMSO-d6): 𝛿 165.0, 159.6, 154.9, 154.7, 151.7, 148.9, 131.4, 113.6, 113.0, 112.9, 108.6, 

106.9, 70.0, 22.1; HRMS (ESI+) calcd for C15H17N2O3 [M + H]+ = 273.1233, found 273.1222. 

 

 

Preparation of (E)-2-((hydroxyimino)methyl)-1-methyl-4-(3-isopropoxyphenoxy)pyridin-

1-ium iodide (ADG5044): A 35-mL sealed tube with (E)-4-(3-

isopropoxyphenoxy)picolinaldehyde oxime (96 mg, 0.35 mmol) was charged with acetone (2 mL) 

and MeI (220 L, 3.50 mmol). The vessel was sealed and heated to 45 °C (external temperature). 

After 14 h at the same temperature, the reaction mixture was cooled to 23 °C, transferred to a 25-

mL round-bottomed flask and concentrated in vacuo. The crude residue was dry-loaded and 

purified by flash chromatography (5 to 40% MeOH in CH2Cl2) on silica gel (10 mL) to afford (E)-

2-((hydroxyimino)methyl)-1-methyl-4-(3-isopropoxyphenoxy)pyridin-1-ium iodide as an orange 

solid (104 mg, 72% yield). 

(E)-2-((Hydroxyimino)methyl)-1-methyl-4-(3-isopropoxyphenoxy)pyridin-1-ium iodide: 

m.p. = 124–126 °C; Rf = 0.10 (100% EtOAc); IR (neat): vmax = 3158, 2977, 1640, 1608, 1596, 

1574, 1512, 1482, 1460, 1418, 1382, 1336, 1295, 1257, 1196, 1178, 1160, 1144, 1135, 1106, 1075 

cm-1; 1H NMR (300 MHz, 293 K, CD3OD): 𝛿 8.67 (d, J = 7.2 Hz, 1H, 6-H), 8.55 (s, 1H, -
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CH=NOH), 7.70 (d, J = 2.7 Hz, 1H, 3-H), 7.48–7.38 (m, 2H, -Ph), 6.97 (dd, J = 8.4, 1.8 Hz, 1H, 

-Ar), 6.85–6.79 (m, 2H, -Ar), 4.65 (sept, J = 6.3, 1H, -OCH(CH3)2), 4.27 (s, 3H, -N+CH3), 1.26 (d, 

J = 6.0, 6H, -OCH(CH3)2); 
13C NMR (100 MHz, 293 K, CD3OD): 𝛿 171.0, 161.4, 154.7, 151.5, 

149, 141.8, 132.5, 115.9, 115.4, 113.3, 112.3, 109.4, 71.5, 45.8, 22.1; HRMS (ESI+) calcd for 

C16H19N2O3 [M]+ = 287.1390, found 287.1376. 

 

 

Preparation of 4-((2-(diethoxymethyl)pyridin-4-yl)oxy)phenol: A 25-mL round-bottomed 

flask was charged with dimethyl sulfoxide (5 mL), K2CO3 (1.66 g, 12.0 mmol), and hydroquinone 

(1.32 g, 12.0 mmol). The mixture was stirred at room temperature for 10 min. 2-(Diethoxymethyl)-

4-nitropyridine (904 mg, 4.00 mmol) was added, the vessel was sealed and heated to 95 °C 

(external temperature) for 16 h. The reaction mixture was cooled to 23 °C and acidified with 

saturated aqueous NH4Cl (40 mL). The resulting solution was extracted with EtOAc (4  20 mL). 

The combined organic layers were dried over anhydrous Na2SO4, filtered, and concentrated in 

vacuo. The crude material was purified by flash chromatography (30 to 60% EtOAc in hexanes) 

on silica gel (50 mL) to afford 4-((2-(diethoxymethyl)pyridin-4-yl)oxy)phenol as a pale yellow oil 

(289 mg, 25% yield). 

4-((2-(Diethoxymethyl)pyridin-4-yl)oxy)phenol: Rf = 0.19 (60% EtOAc in hexanes); IR 

(neat): vmax = 2981, 2884, 1594, 1505, 1478, 1430, 1350, 1298, 1239, 1199, 1110, 1092, 1055, 

1005 cm-1; 1H NMR (300 MHz, 293 K, 1% CD3OD in CDCl3): 𝛿 8.39 (d, J = 5.7 Hz, 1H, 6-H), 

7.16 (d, J = 2.4 Hz, 1H, 3-H), 6.96–6.86 (m, 4H, -Ph), 6.74 (dd, J = 5.7, 2.4 Hz, 1H, 5-H), 5.44 (s, 
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1H, -CH(OCH2CH3)2), 3.75–3.54 (m, 4H, -CH(OCH2CH3)2), 1.22 (t, J = 7.2 Hz, 6H, -

CH(OCH2CH3)2); 
13C NMR (100 MHz, 293 K, CDCl3): 𝛿 166.7, 160.2, 153.9, 150.1, 149.6, 146.8, 

122.1, 116.8, 116.2, 111.4, 109.1, 102.2, 62.6, 15.1; HRMS (ESI+) calcd for C16H20NO4 [M + H]+ 

= 290.1387, found 290.1374. 

 

 

Preparation of 2-(diethoxymethyl)-4-(4-isopropoxyphenoxy)pyridine: A 25-mL round-

bottomed flask was charged with dimethyl sulfoxide (2 mL), K2CO3 (138 mg, 1.00 mmol), 4-((2-

(diethoxymethyl)pyridin-4-yl)oxy)phenol (289 mg, 1.00 mmol), and 2-iodopropane (0.50 mL, 1.0 

mmol). After stirring at the same temperature for 48 h, 2-iodopropane (0.50 mL, 5.0 mmol) was 

added to the reaction mixture. After stirring at the same temperature for 24 h, 2-iodopropane (0.50 

mL, 5.0 mmol) was added to the reaction mixture. After stirring at the same temperature for 18 h, 

the reaction mixture was acidified with saturated aqueous NH4Cl (20 mL). The resulting solution 

was extracted with EtOAc (3  10 mL). The combined organic layers were dried over anhydrous 

Na2SO4, filtered, and concentrated in vacuo. The crude material was purified by flash 

chromatography (40 to 70% EtOAc in hexanes) on silica gel (30 mL) to afford 2-(diethoxymethyl)-

4-(4-isopropoxyphenoxy)pyridine as an amber oil (275 mg, 83% yield). 

2-(Diethoxymethyl)-4-(4-isopropoxyphenoxy)pyridine: Rf = 0.38 (60% EtOAc in hexanes); 

IR (neat): vmax = 2981, 2884, 1588, 1499, 1475, 1422, 1288, 1242, 1202, 1111, 1055, 1016 cm-1; 

1H NMR (400 MHz, 293 K, DMSO-d6): 𝛿 8.39 (d, J = 5.6 Hz, 1H, 6-H), 7.13–7.09 (m, 2H, -Ph), 

7.03–7.00 (m, 2H, -Ph), 6.88 (d, J = 2.4 Hz, 1H, 3-H), 6.85 (dd, J = 5.6, 2.4 Hz, 1H, 5-H), 5.32 (s, 
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1H, -CH(OCH2CH3)2), 4.62 (sept, J = 6.0, 1H, -OCH(CH3)2), 3.63–3.46 (m, 4H, -

CH(OCH2CH3)2), 1.28 (d, J = 6.0, 6H, -OCH(CH3)2), 1.11 (t, J = 6.8 Hz, 6H, -CH(OCH2CH3)2); 

13C NMR (100 MHz, 293 K, DMSO-d6): 165.9, 160.7, 155.4, 150.9, 146.8, 122.5, 117.5, 111.7, 

108.1, 102.3, 70.1, 62.2, 22.2, 15.5; HRMS (ESI+) calcd for C19H26NO4 [M + H]+ = 332.1856, 

found 332.1840. 

 

 

Preparation of (E)-4-(4-isopropoxyphenoxy)picolinaldehyde oxime: A 25-mL pear-shaped 

flask open to air with 2-(diethoxymethyl)-4-(4-isopropoxyphenoxy)pyridine (128 mg, 0.380 

mmol) was charged with H2O (2 mL) and 5 M H2SO4 in H2O (80 L, 0.43 mmol). The solution 

was heated to 90 °C (external temperature). After stirring at the same temperature for 2.5 h, the 

reaction mixture was cooled to 23 °C and treated with K2CO3 (210 mg, 1.52 mmol) followed by 

MeOH (8 mL) and NH2OH•HCl (26 mg, 0.38 mmol) at the same temperature. A reflux condenser 

was attached, and the reaction was heated to reflux while open to air. After 3 h, the reaction mixture 

was cooled to 23 °C and concentrated in vacuo. EtOAc (10 mL) was added to the crude residue, 

followed by saturated aqueous NH4Cl (20 mL). The layers were separated using a separatory 

funnel and the aqueous layer was extracted with EtOAc (2  10 mL). The combined organic layers 

were dried over anhydrous Na2SO4, filtered, and concentrated in vacuo to afford (E)-4-(4-

isopropoxyphenoxy)picolinaldehyde oxime (104 mg, quantitative yield) as a light tan solid. This 

material was used directly without further purification. 
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(E)-4-(4-Isopropoxyphenoxy)picolinaldehyde oxime: m.p. = 150–153 °C; Rf = 0.35 (60% 

EtOAc in hexanes); IR (neat): vmax = 2977, 1583, 1499, 1491, 1471, 1321, 1240, 1197, 1115, 1101 

cm-1; 1H NMR (400 MHz, 293 K, DMSO-d6): 𝛿 11.67 (s, 1H, -CH=NOH), 8.44 (d, J = 5.6 Hz, 

1H, 6-H), 8.01 (s, 1H, -CH=NOH), 7.14–7.09 (m, 3H, -Ar), 7.07–7.00 (m, 2H, -Ar), 6.98 (dd, J = 

5.6, 2.4 Hz, 1H, -Ar), 4.62 (sept, J = 5.6, 1H, -OCH(CH3)2), 1.29 (d, J = 5.6, 6H, -OCH(CH3)2); 

13C NMR (100 MHz, 293 K, DMSO-d6): 𝛿 165.7, 155.5, 154.5, 151.6, 148.9, 146.6, 122.6, 117.4, 

112.6, 106.3, 70.1, 22.2; HRMS (ESI+) calcd for C15H17N2O3 [M + H]+ = 273.1233, found 

273.1220. 

 

 

Preparation of (E)-2-((hydroxyimino)methyl)-1-methyl-4-(3-isopropoxyphenoxy)pyridin-

1-ium iodide (ADG5045): A 35-mL sealed tube with (E)-4-(4-

isopropoxyphenoxy)picolinaldehyde oxime (76 mg, 0.35 mmol) was charged with acetone (2 mL) 

and MeI (170 L, 2.70 mmol). The vessel was sealed and heated to 45 °C (external temperature). 

After 14 h at the same temperature, the reaction mixture was cooled to 23 °C, transferred to a 25-

mL round-bottomed flask and concentrated in vacuo. The crude residue was dry-loaded and 

purified by flash chromatography (5 to 40% MeOH in CH2Cl2) on silica gel (10 mL) to afford (E)-

2-((hydroxyimino)methyl)-1-methyl-4-(4-isopropoxyphenoxy)pyridin-1-ium iodide as an orange 

solid (98 mg, 88% yield). 

(E)-2-((Hydroxyimino)methyl)-1-methyl-4-(4-isopropoxyphenoxy)pyridin-1-ium iodide: 

m.p. = 75–77 °C; Rf = 0.10 (100% EtOAc); IR (neat): vmax = 2979, 1638, 1593, 1571, 1495, 1459, 
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1383, 1333, 1295, 1244, 1204, 1183, 1134, 1114, 1004 cm-1; 1H NMR (400 MHz, 293 K, CD3OD): 

𝛿 8.64 (d, J = 7.2 Hz, 1H, 6-H), 8.54 (s, 1H, -CH=NOH), 7.68 (d, J = 2.8 Hz, 1H, 3-H), 7.36 (dd, 

J = 7.2, 2.8 Hz, 1H, 5-H), 7.18–7.15 (m, 2H, -Ph), 7.09–7.04 (m, 2H, -Ph), 4.64 (sept, J = 6.0, 1H, 

-OCH(CH3)2), 4.25 (s, 3H, -N+CH3), 1.34 (d, J = 6.0, 6H, -OCH(CH3)2); 
13C NMR (100 MHz, 293 

K, CD3OD): 𝛿 171.4, 158.1, 151.2, 149.7, 146.7, 141.8, 122.9, 118.6, 115.2, 112.2, 71.6, 45.9, 

22.2; HRMS (ESI+) calcd for C16H19N2O3 [M]+ = 287.1390, found 287.1377. 

 

 

Preparation of 2-(diethoxymethyl)-4-(3-phenoxyphenoxy)pyridine: A 10-mL round-

bottomed flask was charged with dimethyl sulfoxide (3 mL), K2CO3 (830 g, 6.00 mmol), and 3-

phenoxyphenol (970 L, 6.00 mmol). The mixture was stirred at room temperature for 10 min. 2-

(Diethoxymethyl)-4-nitropyridine (453 mg, 2.00 mmol) was added, the vessel was sealed and 

heated to 115 °C (external temperature) for 7.7 h. The reaction mixture was cooled to 23 °C and 

acidified with saturated aqueous NH4Cl (20 mL). The resulting solution was layers was extracted 

with EtOAc (3  10 mL). The combined organic layers were dried over anhydrous Na2SO4, 

filtered, and concentrated in vacuo. The crude material was purified by flash chromatography (0 

to 40% EtOAc in hexanes) on silica gel (40 mL) to afford 2-(diethoxymethyl)-4-(3-

phenoxyphenoxy)pyridine as an amber oil (726 mg, 99% yield). 

2-(Diethoxymethyl)-4-(3-phenoxyphenoxy)pyridine: Rf = 0.61 (60% EtOAc in hexanes); IR 

(neat): vmax = 2797, 2883, 1640, 1582, 1514, 1476, 1444, 1418, 1370, 1334, 1290, 1252, 1207, 

1166, 1138, 1117, 1058, 1021 cm-1; 1H NMR (400 MHz, 293 K, CDCl3): 𝛿 8.43 (d, J = 5.6 Hz, 
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1H, 6-H), 7.37–7.21 (m, 3H, -Ar), 7.17 (d, J = 2.4 Hz, 1H, 3-H), 7.13 (t, J = 7.2 Hz, 1H, -Ar), 

7.05–7.02 (m, 2H, -Ar), 6.86 (dd, J = 8.4, 2.4 Hz, 1H, -Ar), 6.81–6.76 (m, 2H, -Ar), 7.13 (t, J = 2.4 

Hz, 1H, -Ar), 5.41 (s, 1H, -CH(OCH2CH3)2), 3.73–3.54 (m, 4H, -CH(OCH2CH3)2), 1.23 (t, J = 7.0 

Hz, 6H, -CH(OCH2CH3)2); 
13C NMR (100 MHz, 293 K, CDCl3): 𝛿 165.1, 160.5, 159.0, 156.2, 

155.1, 150.6, 130.8, 129.8, 123.9, 119.3, 115.1, 114.9, 111.7, 110.9, 109.5, 102.3, 62.3, 15.07; 

HRMS (ESI+) calcd for C22H24NO4 [M + H]+ = 366.1699, found 366.1714. 

 

 

Preparation of (E)-4-(3-phenoxyphenoxy)picolinaldehyde oxime: A 50-mL pear-shaped 

flask open to air with 2-(diethoxymethyl)-4-(3-phenoxyphenoxy)pyridine (396 mg, 1.08 mmol) 

was charged with H2O (4 mL) and 5 M H2SO4 in H2O (240 L, 1.19 mmol). The solution was 

heated to 90 °C (external temperature). After stirring at the same temperature for 3 h, the reaction 

mixture was cooled to 23 °C and treated with K2CO3 (597 mg, 4.32 mmol) followed by MeOH (14 

mL) and NH2OH•HCl (75 mg, 1.1 mmol) at the same temperature. A reflux condenser was 

attached, and the reaction was heated to reflux while open to air. After 3.5 h, the reaction mixture 

was cooled to 23 °C and concentrated in vacuo. EtOAc (10 mL) was added to the crude residue, 

followed by saturated aqueous NH4Cl (20 mL). The layers were separated using a separatory 

funnel and the aqueous layer was extracted with EtOAc (2  10 mL). The combined organic layers 

were dried over anhydrous Na2SO4, filtered, and concentrated in vacuo to afford (E)-4-(3-

phenoxyphenoxy)picolinaldehyde oxime (361 mg, 96% yield) as a light tan solid. This material 

was used directly without further purification. 
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(E)-4-(3-Phenoxyphenoxy)picolinaldehyde oxime: m.p. = 122–124 °C; Rf = 0.55 (60% 

EtOAc in hexanes); IR (neat): vmax = 3069, 2855, 1579, 1563, 1475, 1443, 1420, 1403, 1308, 1289, 

1258, 1244, 1207, 1168, 1120, 1070 cm-1; 1H NMR (300 MHz, 293 K, DMSO-d6): 𝛿 11.73 (s, 1H, 

-CH=NOH), 8.47 (d, J = 5.6 Hz, 1H, 6-H), 8.03 (s, 1H, -CH=NOH), 7.53–7.39 (m, 4H, -Ar), 7.21–

7.15 (m, 2H, -Ar), 7.10–7.07 (m, 2H, -Ar), 7.02–6.91 (m, 4H, -Ar), 6.84 (t, J = 2.1 Hz, 1H, -Ar); 

13C NMR (100 MHz, 293 K, DMSO-d6): 𝛿 164.7, 158.9, 156.4, 155.1, 154.7, 151.9, 148.9, 132.1, 

130.7, 124.6, 119.6, 115.9, 115.8, 113.2, 111.5, 107.1; HRMS (ESI+) calcd for C18H15N2O3 [M + 

H]+ = 307.1077, found 307.1088. 

 

 

Preparation of (E)-2-((hydroxyimino)methyl)-1-methyl-4-(3-phenoxyphenoxy)pyridin-1-

ium iodide (ADG4230): A 35-mL sealed tube with (E)-4-(3-phenoxyphenoxy)picolinaldehyde 

oxime (307 mg, 1.00 mmol) was charged with acetone (3 mL) and MeI (620 L, 10.0 mmol). The 

vessel was sealed and heated to 45 °C (external temperature). After 19 h at the same temperature, 

the reaction mixture was cooled to 23 °C, transferred to a 25-mL round-bottomed flask, 

concentrated in vacuo, and recrystallized from acetone/EtOAc (1:1) to afford (E)-2-

((hydroxyimino)methyl)-1-methyl-4-(3-phenoxyphenoxy)pyridin-1-ium iodide as an orange solid 

(158 mg, 35% yield). 

(E)-2-((Hydroxyimino)methyl)-1-methyl-4-(3-phenoxyphenoxy)pyridin-1-ium iodide: m.p. 

= 62–64 °C; Rf = 0.11 (10% MeOH in CH2Cl2); IR (neat): vmax = 3048, 2981, 1640, 1538, 1514, 

1476, 1459, 1332, 1302, 1251, 1203, 1160, 1139, 1113, 1071 cm-1; 1H NMR (400 MHz, 293 K, 
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CD3OD): 𝛿 8.71 (d, J = 7.2 Hz, 1H, 6-H), 8.55 (s, 1H, -CH=NOH), 7.71 (d, J = 2.8 Hz, 1H, 3-H), 

7.54 (t, J = 8.0 Hz, 1H, -Ph), 7.43–7.38 (m, 3H, -Ph), 7.18 (t, J = 8.0 Hz, 1H, -Ph), 7.09–7.02 (m, 

4H, -Ph), 6.88 (app s, 1H, -Ph), 4.24 (s, 3H, -N+CH3); 
13C NMR (100 MHz, 293 K, CD3OD): 𝛿 

170.6, 161.0, 157.3, 154.5, 151.4, 149.9, 141.8, 133.0, 131.2, 125.5, 120.6, 117.9, 116.1, 115.4, 

112.3, 111.8, 46.0; HRMS (ESI+) calcd for C19H17N2O3 [M]+ = 321.1233, found 321.1221. 

 

 

Preparation of 2-(diethoxymethyl)-4-(4-phenoxyphenoxy)pyridine: A 10-mL round-

bottomed flask was charged with dimethyl sulfoxide (3 mL), K2CO3 (839 mg, 6.00 mmol), and 4-

phenoxyphenol (1.12 g, 6.00 mmol). The mixture was stirred at room temperature for 5 min. 2-

(Diethoxymethyl)-4-nitropyridine (453 mg, 2.00 mmol) was added, the vessel was sealed and 

heated to 95 °C (external temperature) for 6 h. The reaction mixture was cooled to 23 °C and 

acidified with saturated aqueous NH4Cl (20 mL). The resulting solution was extracted with EtOAc 

(3  10 mL). The combined organic layers were dried over anhydrous Na2SO4, filtered, and 

concentrated in vacuo. The crude material was purified by flash chromatography (0 to 40% EtOAc 

in hexanes) on silica gel (30 mL) to afford 2-(diethoxymethyl)-4-(4-phenoxyphenoxy)pyridine as 

a yellow oil (644 mg, 88% yield). 

2-(Diethoxymethyl)-4-(4-phenoxyphenoxy)pyridine: Rf = 0.57 (60% EtOAc in hexanes); IR 

(neat): vmax = 2975, 2879, 1589, 1497, 1423, 1369, 1346, 1334, 1289, 1239, 1204, 1192, 1160, 

1109, 1084, 1056 cm-1; 1H NMR (300 MHz, 293 K, CDCl3): 𝛿 8.43 (d, J = 5.7 Hz, 1H, 6-H), 7.36 

(t, J = 7.5, 2H, -Ar), 7.17 (d, J = 2.1 Hz, 1H, 3-H), 7.13 (t, J = 7.5, 1H, -Ar), 7.06–7.03 (m, 6H, -
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Ar), 6.77 (dd, J = 5.7, 2.1 Hz, 1H, 5-H), 5.42 (s, 1H, -CH(OCH2CH3)2), 3.77–3.55 (m, 4H, -

CH(OCH2CH3)2), 1.24 (t, J = 6.9 Hz, 6H, -CH(OCH2CH3)2); 
13C NMR (100 MHz, 293 K, CDCl3): 

𝛿 165.5, 160.2, 156.8, 154.2, 150.3, 148.9, 129.5, 123.1, 121.8, 119.9, 118.4, 111.1, 108.8, 102.1, 

102.1, 62.0, 14.8; HRMS (ESI+) calcd for C22H24NO4 [M + H]+ = 366.1699, found 366.1713. 

 

 

Preparation of (E)-4-(4-phenoxyphenoxy)picolinaldehyde oxime: A 25-mL pear-shaped 

flask open to air with 2-(diethoxymethyl)-4-(4-phenoxyphenoxy)pyridine (300 mg, 0.820 mmol) 

was charged with H2O (3 mL) and 5 M H2SO4 in H2O (180 L, 0.900 mmol). The solution was 

heated to 93 °C (external temperature). After stirring at the same temperature for 2.5 h, the reaction 

mixture was cooled to 23 °C and treated with K2CO3 (453 mg, 3.28 mmol) followed by MeOH (10 

mL) and NH2OH•HCl (57 mg, 0.82 mmol) at the same temperature. A reflux condenser was 

attached, and the reaction was heated to reflux while open to air. After 3.6 h, the reaction mixture 

was cooled to 23 °C and concentrated in vacuo. EtOAc (10 mL) was added to the crude residue, 

followed by saturated aqueous NH4Cl (20 mL). The layers were separated using a separatory 

funnel and the aqueous layer was extracted with EtOAc (2  10 mL). The combined organic layers 

were dried over anhydrous Na2SO4, filtered, and concentrated in vacuo to afford (E)-4-(4-

phenoxyphenoxy)picolinaldehyde oxime (241 mg, 96% yield) as a light tan solid. This material 

was used directly without further purification.  

(E)-4-(4-Phenoxyphenoxy)picolinaldehyde oxime: m.p. = 157–160 °C; Rf = 0.57 (60% 

EtOAc in hexanes); IR (neat): vmax = 3177, 3064, 3005, 2869, 2799, 1586, 1496, 1462, 1318, 1296, 
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1253, 1204, 1190, 1164, 1098, 1023, 1003 cm-1; 1H NMR (500 MHz, 293 K, DMSO-d6): 𝛿 11.70 

(s, 1H, -CH=NOH), 8.46 (d, J = 5.5 Hz, 1H, 6-H), 8.03 (s, 1H, -CH=NOH), 7.44–7.40 (m, 2H, -

Ar), 7.26–7.24 (m, 2H, -Ar), 7.19–7.15 (m, 2H, -Ar), 7.13–7.11 (m, 2H, -Ar), 7.07–7.06 (m, 2H, -

Ar), 6.98 (dd, J = 5.5, 2.5 Hz, 1H, 5-H); 13C NMR (100 MHz, 293 K, DMSO-d6): 𝛿 165.2, 157.0, 

154.7, 154.6, 151.7, 149.2, 148.8, 130.6, 124.1, 123.0, 120.7, 119.1, 112.7, 106.7; HRMS (ESI+) 

calcd for C18H15N2O3 [M + H]+ = 307.1077, found 307.1062. 

 

 

Preparation of (E)-2-((hydroxyimino)methyl)-1-methyl-4-(4-phenoxyphenoxy)pyridin-1-

ium iodide (ADG4234): A 35-mL sealed tube with (E)-4-(4-phenoxyphenoxy)picolinaldehyde 

oxime (115 mg, 0.380 mmol) was charged with acetone (1 mL) and MeI (230 L, 3.80 mmol). 

The vessel was sealed and heated to 40 °C (external temperature). After 17.5 h at the same 

temperature, the reaction mixture was cooled to 23 °C, transferred to a 25-mL round-bottomed 

flask, concentrated in vacuo, and recrystallized from acetone/EtOAc (1:1) to afford (E)-2-

((hydroxyimino)methyl)-1-methyl-4-(4-phenoxyphenoxy)pyridin-1-ium iodide as a yellow solid 

(133 mg, 30% yield). 

(E)-2-((Hydroxyimino)methyl)-1-methyl-4-(4-phenoxyphenoxy)pyridin-1-ium iodide: m.p. 

= 182–184 °C; Rf = 0.11 (10% MeOH in CH2Cl2); IR (neat): vmax = 3063, 2980, 2884, 1639, 1596, 

1586, 1570, 1514, 1487, 1460, 1421, 1407, 1323, 1303, 1261, 1239, 1204, 1171, 1134, 1114, 1089, 

1008 cm-1; 1H NMR (400 MHz, 293 K, DMSO-d6): 𝛿 13.08 (s, 1H, -CH=NOH), 8.83 (d, J = 7.2 

Hz, 1H, 6-H), 8.61 (s, 1H, -CH=NOH), 7.62–7.60 (m, 2H, -Ar), 7.47–7.43 (m, 2H, -Ar), 7.38–7.36 
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(m, 2H, -Ar), 7.22–7.19 (m, 3H, -Ar), 7.12–7.09 (m, 2H, -Ar), 4.24 (s, 3H, -N+CH3); 
13C NMR 

(100 MHz, 293 K, DMSO-d6): 𝛿 169.2, 156.7, 155.8, 149.9, 149.4, 147.8, 142.0, 130.7, 130.6, 

124.5, 123.2, 121.0, 120.8, 119.4, 119.2, 114.8, 110.6, 45.3; HRMS (ESI+) calcd for C19H17N2O3 

[M]+ = 321.1233, found 321.1247. 

 

 

Preparation of 2-(diethoxymethyl)-4-(naphthalen-2-yloxy)pyridine: A 25-mL round-

bottomed flask was charged with dimethyl sulfoxide (4 mL), K2CO3 (1.65 g, 12.0 mmol), and 2-

naphthol (1.73 g, 12.0 mmol). The mixture was stirred at room temperature for 5 min. 2-

(Diethoxymethyl)-4-nitropyridine (905 mg, 4.00 mmol) was added, the vessel was sealed and 

heated to 110 °C (external temperature) for 4.5 h. The reaction mixture was cooled to 23 °C and 

acidified with saturated aqueous NH4Cl (25 mL). The resulting solution was extracted with EtOAc 

(3  10 mL). The combined organic layers were dried over anhydrous Na2SO4, filtered, and 

concentrated in vacuo. The crude material was purified by flash chromatography (0 to 50% EtOAc 

in hexanes) on silica gel (75 mL) to afford 2-(diethoxymethyl)-4-(naphthalen-2-yloxy)pyridine as 

a dark red oil (1.27 g, 98% yield). 

2-(Diethoxymethyl)-4-(naphthalen-2-yloxy)pyridine: Rf = 0.53 (60% EtOAc in hexanes); 

IR (neat): vmax = 2977, 2883, 1588, 1572, 1509, 1463, 1421, 1368, 1346, 1288, 1256, 1243, 1211, 

1172, 1148, 1136, 1109, 1082, 1056 cm-1; 1H NMR (300 MHz, 293 K, DMSO-d6): 𝛿 8.44 (d, J = 

4.8 Hz, 1H, 6-H), 8.06 (d, J = 8.7 Hz, 1H, -Ar), 8.00 (dd, J = 6.9, 2.1 Hz, 1H, -Ar), 7.93 (dd, J = 

8.7, 2.1 Hz, 1H, -Ar), 7.72 (d, J = 2.1 Hz, 1H, 3-H), 7.59–7.51 (m, 2H, -Ar), 7.37 (dd, J = 8.7, 2.4 
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Hz, 1H, -Ar), 6.99–6.95 (m, 2H, -Ar), 5.35 (s, 1H, -CH(OCH2CH3)2), 3.64–3.45 (m, 4H, -

CH(OCH2CH3)2), 1.08 (t, J = 7.2 Hz, 6H, -CH(OCH2CH3)2); 
13C NMR (100 MHz, 293 K, DMSO-

d6): 𝛿 165.2, 161.0, 151.7, 151.2, 134.3, 131.3, 131.1, 128.3, 127.9, 127.4, 126.3, 120.9, 117.6, 

112.5, 108.9, 102.3, 62.2, 15.5; HRMS (ESI+) calcd for C20H22NO3 [M + H]+ = 324.1594, found 

324.1591. 

 

 

Preparation of (E)-4-(naphthalen-2-yloxy)picolinaldehyde oxime: A 100-mL round-

bottomed flask open to air with 2-(diethoxymethyl)-4-(naphthalen-2-yloxy)pyridine (646 mg, 2.00 

mmol) was charged with H2O (7 mL) and 5 M H2SO4 in H2O (440 L, 2.20 mmol). The solution 

was heated to 95 °C (external temperature). After stirring at the same temperature for 2.5 h, the 

reaction mixture was cooled to 23 °C and treated with K2CO3 (1.11 g, 8.00 mmol) followed by 

MeOH (25 mL) and NH2OH•HCl (139 mg, 2.00 mmol) at the same temperature. A reflux 

condenser was attached, and the reaction was heated to reflux while open to air. After 2.3 h, the 

reaction mixture was cooled to 23 °C and concentrated in vacuo. EtOAc (10 mL) was added to the 

crude residue, followed by saturated aqueous NH4Cl (25 mL). The layers were separated using a 

separatory funnel and the aqueous layer was extracted with EtOAc (2  8 mL). The combined 

organic layers were dried over anhydrous Na2SO4, filtered, and concentrated in vacuo to afford 

(E)-4-(naphthalen-2-yloxy)picolinaldehyde oxime (527 mg, 99% yield) as a brown solid. This 

material was used directly without further purification.  
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(E)-4-(Naphthalen-2-yloxy)picolinaldehyde oxime: m.p. = 150–153 °C; Rf = 0.43 (60% 

EtOAc in hexanes); IR (neat): vmax = 2867, 2729, 1591, 1579, 1562, 1509, 1461, 1427, 1325, 1292, 

1260, 1241, 1208, 1176, 1146, 1137, 1117 cm-1; 1H NMR (300 MHz, 293 K, DMSO-d6): 𝛿 11.65 

(s, 1H, -CH=NOH), 8.49 (d, J = 5.7 Hz, 1H, 6-H), 8.09–7.92 (m, 4H, -CH=NOH and -Ar), 7.76 

(d, J = 2.4 Hz, 1H, 3-H), 7.60–7.51 (m, 2H, -Ar), 7.40 (dd, J = 9.0, 2.4 Hz, 1H, -Ar), 7.20 (d, J = 

2.4 Hz, 1H, -Ar), 7.06 (dd, J = 5.7, 2.4 Hz, 1H, 5-H); 13C NMR (100 MHz, 293 K, DMSO-d6): 𝛿 

165.3, 154.9, 152.0, 151.6, 149.0, 134.5, 131.5, 131.3, 128.4, 128.1, 127.6, 126.6, 121.3, 118.1, 

113.4, 107.2; HRMS (ESI+) calcd for C16H13N2O2 [M + H]+ = 265.0971 found 265.0984. 

 

 

Preparation of (E)-2-((hydroxyimino)methyl)-1-methyl-4-(naphthalen-2-yloxy)pyridin-1-

ium iodide (ADG4204): A 35-mL sealed tube with (E)-4-(naphthalen-2-yloxy)picolinaldehyde 

oxime (264 mg, 1.00 mmol) was charged with acetone (3 mL) and MeI (620 L, 10.0 mmol). The 

vessel was sealed and heated to 50 °C (external temperature). After 18 h at the same temperature, 

the reaction mixture was cooled to 23 °C, transferred to a 25-mL round-bottomed flask, and 

concentrated in vacuo, to afford (E)-2-((hydroxyimino)methyl)-1-methyl-4-(naphthalen-2-

yloxy)pyridin-1-ium iodide as a yellow solid (392 mg, 96% yield). 

(E)-2-((Hydroxyimino)methyl)-1-methyl-4-(naphthalen-2-yloxy)pyridin-1-ium iodide: 

m.p. = 175–178 °C; Rf = 0.11 (10% MeOH in CH2Cl2); IR (neat): vmax = 3108, 3014, 1640, 1624, 

1591, 1567, 1504, 1458, 1438, 1417, 1353, 1326, 1294, 1258, 1240, 1213, 1179, 1150, 1112 cm-

1; 1H NMR (300 MHz, 293 K, DMSO-d6): 𝛿 12.99 (s, 1H, -CH=NOH), 8.85 (d, J = 7.2 Hz, 1H, 6-
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H), 8.60 (s, 1H, -CH=NOH), 8.18 (d, J = 9.0 Hz, 1H, -Ar), 8.09–7.94 (m, 2H, -Ar), 7.93 (d, J = 

2.4 Hz, 1H, -Ar), 7.71–7.59 (m, 4H, -Ar), 7.49 (dd, J = 9.0, 2.4 Hz, 1H, -Ar), 4.24 (s, 3H, -N+CH3); 

13C NMR (100 MHz, 293 K, DMSO-d6): 𝛿 169.1, 150.0, 149.4, 141.9, 134.2, 132.0, 131.9, 128.5, 

128.3, 127.9, 127.2, 120.4, 118.7, 115.2, 110.6, 45.3; HRMS (ESI+) calcd for C17H15N2O2 [M]+ = 

279.1128, found 279.1141. 

 

 

Preparation of 2-(diethoxymethyl)-4-(naphthalen-2-ylthio)pyridine: A 75-mL sealed tube 

was charged with dimethyl sulfoxide (4 mL), K2CO3 (1.66 g, 12.0 mmol), and 2-naphthalenethiol 

(1.93 g, 12.0 mmol). The mixture was stirred at room temperature for 20 min. 2-(Diethoxymethyl)-

4-nitropyridine (905 mg, 4.00 mmol) was added, the vessel was sealed and heated to 95 °C for 16 

h. The reaction mixture was cooled to 23 °C and neutralized with saturated aqueous NH4Cl (20 

mL). The resulting solution was extracted with EtOAc (3  20 mL). The combined organic layers 

were dried over anhydrous Na2SO4, filtered, and concentrated in vacuo. The crude material was 

purified by flash chromatography (0 to 50% EtOAc in hexanes) on silica gel (200 mL) to afford 

2-(diethoxymethyl)-4-(naphthalen-2-ylthio)pyridine as an amber oil (1.20 g, 88% yield). 

2-(Diethoxymethyl)-4-(naphthalen-2-ylthio)pyridine: Rf = 0.51 (60% EtOAc in hexanes); 

IR (neat): vmax = 3053, 2974, 2877, 1574, 1543, 1499, 1455, 1391, 1368, 1342, 1269, 1234, 1112, 

1091, 1059 cm-1; 1H NMR (300 MHz, 293 K, CDCl3): 𝛿 8.30 (d, J = 5.1 Hz, 1H, 6-H), 8.09 (s, 

1H, -Ar), 7.89–7.81 (m, 3H, -Ar), 7.58–7.49 (m, 3H, -Ar), 7.36 (d, J = 1.8 Hz, 1H, 3-H), 6.84 (dd, 

J = 5.1, 1.8 Hz, 1H, 5-H), 5.37 (s, 1H, -CH(OCH2CH3)2), 3.70–3.50 (m, 4H, -CH(OCH2CH3)2), 
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1.18 (t, J = 7.2 Hz, 6H, -CH(OCH2CH3)2); 
13C NMR (100 MHz, 293 K, CDCl3): 𝛿 158.0, 150.9, 

148.8, 134.8, 133.8, 133.2, 130.9, 129.5, 127.8, 127.7, 127.3, 126.8, 126.7, 120.4, 118.3, 102.3, 

62.2, 15.0; HRMS (ESI+) calcd for C20H22N2O2S [M + H]+ = 340.1366, found 340.1360. 

 

 

Preparation of (E)-4-(naphthalen-2-ylthio)picolinaldehyde oxime: A 100-mL pear-shaped 

flask open to air with 2-(diethoxymethyl)-4-(naphthalen-2-ylthio)pyridine (692 mg, 2.03 mmol) 

was charged with H2O (7 mL) and 5 M H2SO4 in H2O (450 L, 2.23 mmol). The solution was 

heated to 90 °C. After stirring at the same temperature for 2.5 h, the reaction mixture was cooled 

to 23 °C and treated with K2CO3 (1.12 g, 8.12 mmol) followed by MeOH (22 mL) and 

NH2OH•HCl (142 mg, 2.03 mmol) at the same temperature. A reflux condenser was attached, and 

the reaction was heated to reflux while open to air. After 2.8 h, the reaction mixture was cooled to 

23 °C and concentrated in vacuo. EtOAc (10 mL) was added to the crude residue, followed by 

saturated aqueous NH4Cl (20 mL). The layers were separated using a separatory funnel and the 

aqueous layer was extracted with EtOAc (2  10 mL). The combined organic layers were dried 

over anhydrous Na2SO4, filtered, and concentrated in vacuo to afford (E)-4-(naphthalen-2-

ylthio)picolinaldehyde oxime (470 mg, 83% yield) as a light tan solid. This material was used 

directly without further purification.  

(E)-4-(Naphthalen-2-ylthio)picolinaldehyde oxime: m.p. = 173–176 °C; Rf = 0.32 (60% 

EtOAc in hexanes); IR (neat): vmax = 2979, 2881, 2742, 1572, 1537, 1399, 1325 cm-1; 1H NMR 

(400 MHz, 293 K, DMSO-d6): 𝛿 11.61 (s, 1H, -CH=NOH), 8.37 (d, J = 5.2 Hz, 1H, 6-H), 8.31 (d, 
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J = 5.6 Hz, 1H, -Ar), 8.08–8.01 (m, 3H, -Ar), 7.58–7.49 (m, 3H, -Ar), 7.94 (s, 1H, -CH=NOH), 

7.66–7.59 (m, 3H, -Ar), 7.30 (d, J = 1.2 Hz, 1H, 3-H), 7.16 (dd, J = 5.6, 1.2 Hz, 1H, 5-H); 13C 

NMR (100 MHz, 293 K, DMSO-d6): 𝛿 152.8, 150.3, 149.8, 148.8, 135.5, 134.0, 133.5, 131.5, 

130.4, 128.5, 128.3, 128.2, 127.6, 126.0, 121.3, 115.9; HRMS (ESI+) calcd for C16H13N2OS [M + 

H]+ = 281.0743, found 281.0739. 

 

 

Preparation of (E)-2-((hydroxyimino)methyl)-1-methyl-4-(naphthalen-2-ylthio)pyridin-1-

ium iodide (ADG4072): A 35-mL sealed tube with (E)-4-(naphthalen-2-ylthio)picolinaldehyde 

oxime (157 mg, 0.550 mmol) was charged with acetone (2 mL) and MeI (350 L, 5.50 mmol). 

The vessel was sealed and heated to 50 °C. After 24 h at the same temperature, the reaction mixture 

was cooled to 23 °C, transferred to a 25-mL round-bottomed flask, concentrated in vacuo to afford 

(E)-2-((hydroxyimino)methyl)-1-methyl-4-(naphthalen-2-ylthio)pyridin-1-ium iodide as an 

orange solid (252 mg, quantitative yield). 

(E)-2-((Hydroxyimino)methyl)-1-methyl-4-(naphthalen-2-ylthio)pyridin-1-ium iodide: 

m.p. = 113–115 °C; Rf = 0.11 (100% EtOAc); IR (neat): vmax = 2979, 1623, 1585, 1551, 1495, 

1427, 1296, 1233, 1086, 1000, 940 cm-1; 1H NMR (400 MHz, 293 K, DMSO-d6): 𝛿 12.92 (s, 1H, 

-CH=NOH), 8.62 (d, J = 6.8 Hz, 1H, 6-H), 8.53 (s, 1H, -CH=NOH), 8.18 (d, J = 8.4 Hz, 1H, -Ar), 

8.08 (app t, J = 8.4 Hz, 2H, -Ar), 7.75–7.65 (m, 5H, -Ar), 4.17 (s, 3H, -N+CH3); 
13C NMR (100 

MHz, 293 K, DMSO-d6): 𝛿 161.7, 146.5, 145.5, 141.8, 136.5, 134.0, 134.0, 131.2, 131.0, 128.9, 
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128.7, 128.5, 128.0, 123.4, 122.6, 118.8, 45.4; HRMS (ESI+) calcd for C17H15N2O2S [M]+ = 

295.0899, found 295.0903. 

 

 

Preparation of 6-(trifluoromethyl)naphthalene-2-thiol: 6-(Trifluoromethyl)naphthalene-2-

thiol was prepared according to a procedure found in the literature.153 A 75-mL sealed tube was 

charged with 2-bromo-6-(trifluoromethyl)naphthalene (830 mg, 3.00 mmol), CuSO4•5H2O (38 

mg, 0.15 mmol), and KOH (842 mg, 15.0 mmol) and flushed with argon gas. The mixture was 

dissolved in dimethyl sulfoxide (7 mL) and H2O (700 L). 1,2-Ethanedithiol (300 L, 3.60 mmol) 

was added, the vessel was sealed and heated to 110 °C (external temperature) for 16 h. The reaction 

mixture was cooled to 23 °C and diluted with 1.0 M HCl (120 mL). The resulting solution was 

extracted with EtOAc (3  30 mL). The combined organic layers were dried over anhydrous 

Na2SO4, filtered, and concentrated in vacuo. The crude material was purified by flash 

chromatography (0 to 20% EtOAc in hexanes) on silica gel (75 mL) to afford 6-

(trifluoromethyl)naphthalene-2-thiol as a pale yellow solid (700 mg, quantitative yield). 

6-(Trifluoromethyl)naphthalene-2-thiol: Rf = 0.65 (60% EtOAc in hexanes); 1H NMR (400 

MHz, 293 K, CDCl3): 𝛿 8.07 (s, 1H), 7.81–7.78 (m, 3H), 7.62 (dd, J = 8.4, 1.6 Hz, 1H), 7.42 (dd, 

J = 8.4, 1.6 Hz, 1H), 3.68 (s, 1H); HRMS (ESI−) calcd for C11H6F3S [M − H]− = 227.0137, found 

227.0145. 

 

HS

CF3

Br

CF3
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Preparation of 2-(diethoxymethyl)-4-((6-(trifluoromethyl)naphthalen-2-yl)thio)pyridine: 

A 35-mL sealed tube was charged with dimethyl sulfoxide (3 mL), K2CO3 (1.24 g, 9.00 mmol), 

and 6-(trifluoromethyl)naphthalene-2-thiol (700 mg, 3.00 mmol). The mixture was stirred at room 

temperature for 10 min. 2-(Diethoxymethyl)-4-nitropyridine (588 mg, 2.60 mmol) was added, the 

vessel was sealed and heated to 97 °C for 16 h. The reaction mixture was cooled to 23 °C and 

neutralized with saturated aqueous NH4Cl (20 mL). The resulting solution was extracted with 

EtOAc (3  20 mL). The combined organic layers were dried over anhydrous Na2SO4, filtered, 

and concentrated in vacuo. The crude material was purified by flash chromatography (0 to 40% 

EtOAc in hexanes) on silica gel (30 mL) to afford 2-(diethoxymethyl)-4-((6-

(trifluoromethyl)naphthalen-2-yl)thio)pyridine as an amber oil (872 mg, 82% yield). 

2-(Diethoxymethyl)-4-((6-(trifluoromethyl)naphthalen-2-yl)thio)pyridine: Rf = 0.55 (60% 

EtOAc in hexanes); IR (neat): vmax = 2976, 2887, 1575, 1539, 1468, 1388, 1367, 1335, 1313, 1271, 

1236, 1184, 1164, 1153, 1117, 1061, 1010 cm-1; 1H NMR (300 MHz, 293 K, CDCl3): 𝛿 8.36 (d, J 

= 5.4 Hz, 1H, 6-H), 8.18 (s, 1H, -Ar), 8.13 (s, 1H, -Ar), 7.96 (d, J = 9.0 Hz, 1H, -Ar), 7.71 (dd, J 

= 8.7, 1.5 Hz, 1H, -Ar), 7.61 (dd, J = 8.7, 1.5 Hz, 1H, -Ar), 7.40 (d, J = 1.8 Hz, 1H, 3-H), 6.90 (dd, 

J = 5.4, 1.8 Hz, 1H, 5-H), 5.39 (s, 1H, -CH(OCH2CH3)2), 3.73–3.52 (m, 4H, -CH(OCH2CH3)2), 

1.18 (t, J = 7.2 Hz, 6H, -CH(OCH2CH3)2); 
13C NMR (100 MHz, 293 K, CDCl3): 𝛿 158.4, 149.7, 

148.9, 134.9, 133.8, 131.9, 131.8, 130.4, 130.3, 128.8, 125.5 (q, J = 4.0 Hz), 125.5 (q, J = 270.0 

Hz), 122.5 (q, J = 3.0 Hz), 121.0, 118.9, 102.3, 62.4, 15.1; HRMS (ESI+) calcd for C21H21F3NO2S 

[M + H]+ = 408.1239, found 408.1226. 
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Preparation of (E)-4-((6-(trifluoromethyl)naphthalen-2-yl)thio)picolinaldehyde oxime: A 

100-mL pear-shaped flask open to air with 2-(diethoxymethyl)-4-((6-(trifluoromethyl)naphthalen-

2-yl)thio)pyridine (872 mg, 2.14 mmol) was charged with H2O (6 mL) and 5 M H2SO4 in H2O (470 

L, 2.35 mmol). The solution was heated to 95 °C. After stirring at the same temperature for 2 h, 

the reaction mixture was cooled to 23 °C and treated with K2CO3 (1.12 g, 8.56 mmol) followed by 

MeOH (26 mL) and NH2OH•HCl (148 mg, 2.14 mmol) at the same temperature. A reflux 

condenser was attached, and the reaction was heated to reflux while open to air. After 3 h, the 

reaction mixture was cooled to 23 °C and concentrated in vacuo. EtOAc (20 mL) was added to the 

crude residue, followed by saturated aqueous NH4Cl (20 mL). The layers were separated using a 

separatory funnel and the aqueous layer was extracted with EtOAc (2  20 mL). The combined 

organic layers were dried over anhydrous Na2SO4, filtered, and concentrated in vacuo to afford 

(E)-4-((6-(trifluoromethyl)naphthalen-2-yl)thio)picolinaldehyde oxime (535 mg, 72% yield) as an 

orange solid. This material was used directly without further purification. 

(E)-4-((6-(Trifluoromethyl)naphthalen-2-yl)thio)picolinaldehyde oxime: m.p. = 183–186 

°C; Rf = 0.35 (60% EtOAc in hexanes); IR (neat): vmax = 2917, 2857, 2763, 1575, 1536, 1467, 

1400, 1365, 1335, 1314, 1272, 1235, 1183, 1163, 1149, 1116, 1063 cm-1; 1H NMR (400 MHz, 293 

K, CD3OD): 𝛿 8.35–8.29 (m, 3H, -Ar), 8.17–8.12 (m, 2H, -Ar), 7.97 (s, 1H, -CH=NOH), 7.77 (dd, 

J = 8.8, 1.6 Hz, 1H, -Ar), 7.70 (dd, J = 8.8, 1.6 Hz, 1H, -Ar), 7.50 (d, J = 1.6 Hz, 1H, 3-H), 7.11 

(dd, J = 5.6, 1.6 Hz, 1H, 5-H); 13C NMR (125 MHz, 293 K, DMSO-d6): 𝛿 152.9, 149.9, 149.3, 
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148.7, 135.2, 134.7, 132.6, 132.2, 131.4, 130.0, 129.8, 128.1, 127.8, 126.3 (q, J = 5.0 Hz), 124.7 

(q, J = 270.0 Hz), 122.7 (q, J = 2.5 Hz), 121.7, 116.6; HRMS (ESI+) calcd for C17H12F3N2OS [M 

+ H]+ = 349.0616, found 349.0615. 

 

 

Preparation of (E)-2-((hydroxyimino)methyl)-1-methyl-4-((6-

(trifluoromethyl)naphthalen-2-yl)thio)pyridin-1-ium iodide (ADG4145): A 35-mL sealed tube 

with (E)-4-((6-(trifluoromethyl)naphthalen-2-yl)thio)picolinaldehyde oxime (200 mg, 0.570 

mmol) was charged with acetone (2 mL) and MeI (350 L, 5.70 mmol). The vessel was sealed and 

heated to 50 °C. After 5.5 h at the same temperature, the reaction mixture was cooled to 23 °C, 

transferred to a 25-mL round-bottomed flask, and concentrated in vacuo. The crude residue was 

dry-loaded and purified by flash chromatography (5 to 40% MeOH in CH2Cl2) on silica gel (10 

mL) to afford (E)-2-((hydroxyimino)methyl)-1-methyl-4-((6-(trifluoromethyl)naphthalen-2-

yl)thio)pyridin-1-ium iodide as an orange solid (115 mg, 41% yield). 

(E)-2-((Hydroxyimino)methyl)-1-methyl-4-((6-(trifluoromethyl)naphthalen-2-

yl)thio)pyridin-1-ium iodide: m.p. = 188–190 °C; Rf = 0.10 (100% EtOAc); IR (neat): vmax = 3017, 

2857, 1626, 1594, 1553, 1496, 1468, 1429, 1335, 1313, 1273, 1236, 1185, 1165, 1153, 1117, 1088, 

1063 cm-1; 1H NMR (400 MHz, 293 K, CD3OD): 𝛿 8.48–8.43 (m, 4H, -CH=NOH and -Ar), 8.30 

(d, J = 8.8 Hz, 1H, -Ar), 8.21 (d, J = 8.8 Hz, 1H, -Ar), 7.87–7.89 (m, 3H, -Ar), 7.57 (d, J = 7.8, 2.4 

Hz, 1H, 5-H), 4.22 (s, 3H, -N+CH3); 
13C NMR (100 MHz, 293 K, CD3OD): 𝛿 163.8, 148.0, 146.1, 
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141.4, 137.3, 136.5, 134.4, 133.2, 132.9, 131.7 (q, J = 267.0 Hz), 130.9, 127.6, 126.8, 123.8, 123.3, 

120.7, 46.0; HRMS (ESI+) calcd for C18H14F3N2OS [M]+ = 363.0773, found 363.0756. 

 

 

Preparation of 2-(dimethoxymethyl)-4-(phenylethynyl)pyridine: A 500-mL round-bottom 

flask with 4-bromo-2-(dimethoxymethyl)pyridine (5.00 g, 21.5 mmol) was purged with nitrogen 

gas three times, treated with Pd(PPh3)2Cl2 (754 mg, 1.08 mmol) and CuI (205 mg, 1.08 mmol), 

and then purged again with nitrogen gas three times. The mixture was dissolved in anhydrous 1,4-

dioxane (16 mL), Et3N (12.0 mL, 86.0 mmol), and phenylacetylene (3.54 mL, 32.3 mmol) at 23 

°C. The resulting solution was heated to 60 °C (external temperature) and stirred. After 19 h, the 

reaction mixture was cooled to 23 °C, concentrated in vacuo, and purified by flash chromatography 

(0 to 50% EtOAc in hexanes) on silica gel (250 mL) to afford 2-(dimethoxymethyl)-4-

(phenylethynyl)pyridine (4.76 g, 87% yield) as a dark brown oil. 

2-(Dimethoxymethyl)-4-(phenylethynyl)pyridine: Rf = 0.19 (30% EtOAc in hexanes); IR 

(neat): vmax = 2981, 1737, 1599, 1591, 1539, 1492, 1442, 1403, 1366, 1239, 1211, 1192, 1132, 

1111, 1091, 1057, 1026 cm-1; 1H NMR (400 MHz, 293 K, DMSO-d6): 𝛿 8.61 (d, J = 4.8 Hz, 1H, 

6-H), 7.63 (m, 2H, -Ph), 7.56 (br s, 1H, 3-H), 7.51 (dd, J = 4.8, 1.2 Hz, 1H, 5-H), 7.47 (m, 3H, -

Ph), 5.33 (s, 1H, -CH(OCH3)2), 3.32 (s, 6H, -CH(OCH3)2); 
13C NMR (100 MHz, 293 K, DMSO-

d6): 158.0, 149.8, 132.2, 131.2, 130.2, 129.3, 125.5, 122.8, 121.6, 103.8, 94.1, 87.1, 53.9; HRMS 

(ESI+) calcd for C16H16NO2 [M + H]+ = 254.1176, found 254.1176. 
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Preparation of (E)-4-(phenylethynyl)picolinaldehyde oxime: A 50-mL pear-shaped flask 

open to air with 2-(dimethoxymethyl)-4-(phenylethynyl)pyridine (384 mg, 1.50 mmol) was 

charged with H2O (7 mL) and 5 M H2SO4 in H2O (330 L, 1.65 mmol). The solution was heated 

to 80 °C (external temperature). After stirring at the same temperature for 3 h, the reaction mixture 

was cooled to 23 °C and treated with K2CO3 (829 mg, 6.00 mmol) followed by MeOH (18 mL) 

and NH2OH•HCl (104 mg, 1.50 mmol) at the same temperature. A reflux condenser was attached, 

and the reaction was heated to reflux while open to air. After 3.5 h, the reaction mixture was cooled 

to 23 °C and concentrated in vacuo. EtOAc (10 mL) was added to the crude residue, followed by 

saturated aqueous NH4Cl (30 mL). The layers were separated using a separatory funnel and the 

aqueous layer was extracted with EtOAc (2  20 mL). The combined organic layers were dried 

over anhydrous Na2SO4, filtered, and concentrated in vacuo to afford (E)-4-

(phenylethynyl)picolinaldehyde oxime (369 mg, quantitative yield) as a light brown solid. This 

material was used directly without further purification.  

(E)-4-(Phenylethynyl)picolinaldehyde oxime: m.p. = 146–148 °C; Rf = 0.60 (100% 

EtOAc); IR (neat): vmax = 3055, 2980, 2883, 2761, 2218, 1592, 1542, 1534, 1507, 1490, 1441, 

1408, 1329, 1310, 1103, 1071 cm-1; 1H NMR (400 MHz, 293 K, DMSO-d6): 𝛿 11.82 (s, 1H, -

CH=NOH), 8.62 (d, J = 4.8 Hz, 1H, 6-H), 8.09 (s, 1H, -CH=NOH), 7.84 (s, 1H, 3-H), 7.65–7.63 

(m, 2H, -Ph), 7.52–7.44 (m, 4H, 5-H and -Ph); 13C NMR (75 MHz, 293 K, DMSO-d6): 𝛿 153.0, 
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150.4, 148.8, 132.3, 132.0, 131.2, 130.3, 129.4, 125.7, 121.7, 121.6, 94.3, 86.9; HRMS (ESI+) 

calcd for C14H11N2O [M + H]+ = 223.0866, found 223.0894. 

 

 

Preparation of (E)-2-((hydroxyimino)methyl)-1-methyl-4-(phenylethynyl)pyridin-1-ium 

iodide (ADG2173): A 10-mL sealed tube with (E)-4-(phenylethynyl)picolinaldehyde oxime (50 

mg, 0.21 mmol) was charged with acetone (700 L) and MeI (130 L, 2.11 mmol). The vessel 

was sealed and heated to 45 °C (external temperature). After 17 h at the same temperature, the 

reaction mixture was cooled to 23 °C, transferred to a 10-mL round-bottomed flask, and 

concentrated in vacuo to yield (E)-2-((hydroxyimino)methyl)-1-methyl-4-(phenylethynyl)pyridin-

1-ium iodide as a black solid (52 mg, 67% yield).  

(E)-2-((Hydroxyimino)methyl)-1-methyl-4-(phenylethynyl)pyridin-1-ium iodide: m.p. = 

178–180 °C; Rf = 0.55 (4:1:1 n-BuOH:H2O:AcOH); IR (neat): vmax = 3052, 2981, 2214, 1637, 

1590, 1556, 1436, 1332, 1310, 1293, 1272, 1007 cm-1; 1H NMR (300 MHz, 293 K, DMSO-d6): 𝛿 

13.21 (s, 1H, -CH=NOH), 8.98 (d, J = 6.4 Hz, 1H, 6-H), 8.67 (s, 1H, -CH=NOH), 8.40 (d, J = 2.0 

Hz, 1H, 3-H), 8.18 (dd, J = 6.4, 2.0 Hz, 1H, 5-H), 7.75–7.73 (m, 2H, -Ph), 7.65–7.47 (m, 3H, -

Ph), 4.33 (s, 3H, -N+CH3); 
13C NMR (75 MHz, 293 K, DMSO-d6): 𝛿 148.0, 147.1, 142.1, 138.6, 

132.9, 131.7, 129.6, 129.4, 128.5, 126.7, 120.4, 102.3, 85.8, 46.6; HRMS (ESI+) calcd for 

C15H14N2O [M]+ = 238.1101, found 238.1069. 
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Preparation of 2-(dimethoxymethyl)-4-phenethylpyridine: A 250-mL round-bottom flask 

was charged with 2-(dimethoxymethyl)-4-(phenylethynyl)pyridine (1.27 g, 5.01 mmol), EtOH (84 

mL), 5 wt % Pt/C (195 mg, 50.0 μmol) at 23 °C. The resulting suspension was purged with 

hydrogen gas three times and stirred vigorously at the same temperature for 17 h. The suspension 

was filtered by gravity through filter paper, and the resulting filtrate was concentrated in vacuo to 

yield 2-(dimethoxymethyl)-4-phenethylpyridine as a brown oil (720 mg, 56% yield). This material 

was used directly without further purification. 

2-(Dimethoxymethyl)-4-phenethylpyridine: Rf = 0.18 (30% EtOAc in hexanes); IR (neat): 

vmax = 2981, 2932, 2829, 1736, 1603, 1561, 1496, 1453, 1416, 1363, 1241, 1209, 1191, 1161, 

1112, 1097, 1054 cm-1; 1H NMR (400 MHz, 293 K, DMSO-d6): 𝛿 8.41 (d, J = 4.8 Hz, 1H, 6-H), 

7.32 (br s, 1H, 3-H), 7.27–7.14 (m, 6H, 5-H and-Ph), 5.24 (s, 1H, -CH(OCH3)2), 3.25 (s, 6H, -

CH(OCH3)2), 2.95–2.87 (m, 4H, -CH2CH2Ph); 13C NMR (75 MHz, 293 K, CDCl3): 𝛿 156.9, 151.1. 

148.8, 140.4, 128.2, 128.1, 125.9, 123.5, 121.1, 103.8, 53.4, 36.9, 36.3; HRMS (ESI+) calcd for 

C16H15NO2 [M + H]+ = 258.1489, found 258.1509. 

 

 

Preparation of (E)-4-phenethylpicolinaldehyde oxime: A 25-mL pear-shaped flask open to 

air with 2-(dimethoxymethyl)-4-phenethylpyridine (193 mg, 0.770 mmol) was charged with H2O 
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(4 mL) and 5 M H2SO4 in H2O (170 L, 0.850 mmol). The solution was heated to 95 °C (external 

temperature). After stirring at the same temperature for 4 h, the reaction mixture was cooled to 23 

°C and treated with K2CO3 (426 mg, 3.08 mmol) followed by MeOH (6 mL) and NH2OH•HCl (54 

mg, 0.77 mmol) at the same temperature. A reflux condenser was attached, and the reaction was 

heated to reflux while open to air. After 3 h, the reaction mixture was cooled to 23 °C and 

concentrated in vacuo. EtOAc (10 mL) was added to the crude residue, followed by saturated 

aqueous NH4Cl (15 mL). The layers were separated using a separatory funnel and the aqueous 

layer was extracted with EtOAc (2  10 mL). The combined organic layers were dried over 

anhydrous Na2SO4, filtered, and concentrated in vacuo to afford (E)-4-phenethylpicolinaldehyde 

oxime (157 mg, 56% yield) as a light brown solid. This material was used directly without further 

purification. 

(E)-4-Phenethylpicolinaldehyde oxime: m.p. = 192–195 °C; Rf = 0.20 (30% EtOAc in 

hexanes); IR (neat): vmax = 2981, 2852, 2715, 1601, 1556, 1519, 1500, 1454, 1418, 1364, 1341, 

1108 cm-1; 1H NMR (500 MHz, 293 K, DMSO-d6): 𝛿 11.59 (s, 1H, -CH=NOH), 8.43 (d, J = 5.0 

Hz, 1H, 6-H), 8.03 (s, 1H, -CH=NOH), 7.63 (s, 1H, 3-H), 7.28–7.16 (m, 6H, 5-H and -Ph), 2.96–

2.89 (m, 4H, -CH2CH2Ph); 13C NMR (75 MHz, 293 K, DMSO-d6): 𝛿 152.4, 151.4, 149.7, 149.5, 

141.3, 128.9, 128.7, 126.5, 124.7, 120.1, 36.5, 36.0; HRMS (ESI+) calcd for C14H15N2O [M + H]+ 

= 227.1179, found 227.1206. 

 

 

Preparation of (E)-2-((hydroxyimino)methyl)-1-methyl-4-phenethylpyridin-1-ium iodide 

(ADG2180): A 10-mL sealed tube with (E)-4-phenethylpicolinaldehyde oxime (78 mg, 0.34 
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mmol) was charged with acetone (1 mL) and MeI (213 L, 3.44 mmol). The vessel was sealed and 

heated to 50 °C (external temperature). After 15 h at the same temperature, the reaction mixture 

was cooled to 23 °C, transferred to a 10-mL round-bottomed flask, and concentrated in vacuo to 

yield (E)-2-((hydroxyimino)methyl)-1-methyl-4-phenethylpyridin-1-ium iodide as a brown solid 

(125 mg, 98% yield).  

(E)-2-((Hydroxyimino)methyl)-1-methyl-4-phenethylpyridin-1-ium iodide: m.p. = 160–

163 °C; Rf = 0.61 (4:1:1 n-BuOH:H2O:AcOH); IR (neat): vmax = 3097, 2971, 1569, 1443, 1425, 

1403, 1306, 1005 cm-1; 1H NMR (400 MHz, 293 K, DMSO-d6): 𝛿 13.03 (s, 1H, -CH=NOH), 8.84 

(d, J = 6.8 Hz 1H, 6-H), 8.62 (s, 1H, -CH=NOH), 8.21 (d, J = 1.6 Hz, 1H, 3-H), 7.95 (dd, J = 6.8, 

1.6 Hz, 1H, 5-H), 7.31–7.17 (m, 5H, -Ph), 4.29 (s, 3H, -N+CH3), 3.22 (t, J = 7.2, 2H, -CH2CH2Ph), 

2.99 (t, J = 7.2, 2H, -CH2CH2Ph); 13C NMR (75 MHz, 293 K, DMSO-d6): 𝛿 161.2, 147.0, 146.3, 

142.1, 140.4, 128.9, 128.8, 127.4, 126.7, 124.9, 45.9, 36.4, 35.1; HRMS (ESI+) calcd for 

C15H17N2O [M]+ = 241.1335, found 241.1361. 

 

 

Preparation of 4-methylbenzenesulfonyl azide: A 500-mL round-bottom flask was charged 

with p-toluenesulfonyl chloride (95.6 g, 0.500 mol) and acetone (100 ml). The vessel was cooled 

to 0°C. A solution of sodium azide (35.7 g, 0.550 mol) in H2O (100 mL) was added. The reaction 

mixture was stirred under open atmosphere and was allowed to warm to 23 °C. After 7 h, the 

reaction mixture was extracted with EtOAc (2  250 mL). The combined organic layers were dried 

over anhydrous Na2SO4, filtered, and concentrated in vacuo to 4-methylbenzenesulfonyl azide 

S
Cl

OO

S
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(99.6 g, quantitative yield) as a colorless liquid. This material was used directly without further 

purification. 

4-Methylbenzenesulfonyl azide: 1H NMR (400 MHz, 293 K, CDCl3): 𝛿 7.85 (d, J = 8.0 Hz, 

2H), 7.41 (d, J = 8.0 Hz, 2H), 2.49 (s, 3H, -CH3). The 1H NMR data for dimethyl (1-diazo-2-

oxopropyl)phosphonate was consistent with those in the literature.154 

 

 

Preparation of dimethyl (1-diazo-2-oxopropyl)phosphonate: A 250-mL flame-dried, 

round-bottom flask with was charged with NaH (60% w/w, 1.14 g, 28.4 mmol), then evacuated 

and refilled with nitrogen gas three times. THF (30 mL) was added and the vessel was cooled to 

0°C. A solution of dimethyl (2-oxopropyl)phosphonate (3.73 mL, 27.0 mmol) in THF (10 mL) 

was added in two portions, followed by THF (20 mL). A solution of 4-methylbenzenesulfonyl 

azide (5.32 g, 27.0 mmol) in THF (20 mL) was added to the reaction mixture. After 1 h, the 

reaction mixture was concentrated in vacuo. EtOAc (50 mL) was added to the crude residue, 

followed by saturated aqueous NH4Cl (20 mL). The layers were separated using a separatory 

funnel and the aqueous layer was extracted with EtOAc (50 mL). The combined organic layers 

were dried over anhydrous Na2SO4, filtered, and concentrated in vacuo. The crude residue was 

purified by flash chromatography (50 to 80% EtOAc in hexanes) on silica gel (300 mL) to afford 

dimethyl (1-diazo-2-oxopropyl)phosphonate (3.52 g, 68% yield) as a pale yellow liquid.  

Dimethyl (1-diazo-2-oxopropyl)phosphonate: 1H NMR (300 MHz, 293 K, CDCl3): 𝛿 3.88 

(s, 3H), 3.84 (s, 3H), 2.28 (s, 3H). The 1H NMR data for dimethyl (1-diazo-2-

oxopropyl)phosphonate was consistent with those in the literature.154 
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Preparation of 1-ethynyl-3-nitrobenzene: A 50-mL flame-dried, round-bottom flask with 

was charged with dimethyl (1-diazo-2-oxopropyl)phosphonate (1.44 g, 7.50 mmol), then 

evacuated and refilled with nitrogen gas three times. 3-Nitrobenzaldehyde (755mg, 5.00 mmol) 

and MeOH (20 mL) were added. The vessel was cooled to 0°C. K2CO3 (1.38 g, 10.0 mmol) was 

added and reaction mixture was stirred at the same temperature. After 30 min, the ice bath was 

removed and the reaction mixture was allowed to warm to 23 °C. After 1.5 h, the reaction mixture 

was concentrated in vacuo. EtOAc (15 mL) was added to the crude residue, followed by saturated 

aqueous NH4Cl (20 mL). The layers were separated using a separatory funnel and the aqueous 

layer was extracted with EtOAc (2  15 mL). The combined organic layers were dried over 

anhydrous Na2SO4, filtered, and concentrated in vacuo. The crude residue was purified by flash 

chromatography (10 to 20% EtOAc in hexanes) on silica gel (10 mL) to afford 1-ethynyl-3-

nitrobenzene (594 mg, 81% yield) as a pale yellow oil.  

1-Ethynyl-3-nitrobenzene: 1H NMR (300 MHz, 293 K, CDCl3): 𝛿 8.32 (br s, 1H), 8.21 

(ddd, J = 8.4, 0.9, 0.9 Hz, 1H), 7.79 (dt, J = 7.5, 0.9 Hz, 1H), 7.50 (t, J = 8.4 Hz, 1H), 3.21 (s, 1H). 

The 1H NMR data for 1-ethynyl-3-nitrobenzene was consistent with those in the literature.155  

 

 

Preparation of 2-(dimethoxymethyl)-4-((trimethylsilyl)ethynyl)pyridine: A 75-mL sealed 

tube was charged with 4-bromo-2-(dimethoxymethyl)pyridine (2.32 g, 10.0 mmol) was flush with 

O
O2N O2N
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argon gas, treated with Pd(PPh3)2Cl2 (351 mg, 0.500 mmol) and CuI (95 mg, 0.50 mmol), and then 

flushed again with argon gas. The mixture was dissolved in anhydrous 1,4-dioxane (10 mL), Et3N 

(5.54 mL, 40.0 mmol), and trimethylsilylacetylene (1.86 mL, 15.0 mmol) at 23 °C. The resulting 

solution was heated to 50 °C (external temperature) and stirred. After 20.5 h, the reaction mixture 

was cooled to 23 °C. The crude residue was dry-loaded and purified by flash chromatography (0 

to 40% EtOAc in hexanes) on silica gel (250 mL). The semi-pure material was stirred with CH2Cl2 

and Amberlite™ IRC-748 resin to remove residual copper. After 1 h, the mixture was filtered by 

gravity through a cotton plug and concentrated in vacuo to afford 2-(dimethoxymethyl)-4-

((trimethylsilyl)ethynyl)pyridine (2.58 g, quantitative yield) as an amber oil. 

2-(Dimethoxymethyl)-4-((trimethylsilyl)ethynyl)pyridine: Rf = 0.49 (60% EtOAc in 

hexanes); IR (neat): vmax = 2981, 2830, 2164, 1595, 1543, 1471, 1401, 1361, 1282, 1250, 1191, 

1163, 1111, 1096, 1060 cm-1; 1H NMR (400 MHz, 293 K, DMSO-d6): 𝛿 8.35 (d, J = 5.2 Hz, 1H, 

6-H), 7.43 (br s, 1H, 3-H), 7.40 (d, J = 5.2, 1.6 Hz, 1H, 5-H), 5.30 (s, 1H, -CH(OCH3)2), 3.29 (s, 

6H, -CH(OCH3)2), 0.25 (s, 9H, -Si(CH3)3; 
13C NMR (100 MHz, 293 K, DMSO-d6): 𝛿 157.4, 149.3, 

130.4, 125.1, 122.6, 103.1, 102.0, 99.7, 53.3; HRMS (ESI+) calcd for C13H20NO2Si [M + H] = 

250.1258, found 250.1254. 

 

 

Preparation of 2-(dimethoxymethyl)-4-((3-nitrophenyl)ethynyl)pyridine: 2-

(Dimethoxymethyl)-4-((3-nitrophenyl)ethynyl)pyridine was synthesized following the literature 
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procedure.133 A 50-mL round-bottom flask with was charged with 3-nitrobromobenzene (809 mg, 

4.00 mmol), Pd(PPh3)2Cl2 (140 mg, 0.200 mmol), CuI (38 mg, 0.20 mmol), and K2CO3 (1.66 g, 

12.0 mmol), and then evacuated and refilled with nitrogen gas three times. THF (6 mL) was added 

and the mixture was stirred. A solution of 2-(dimethoxymethyl)-4-

((trimethylsilyl)ethynyl)pyridine (1.50 g, 6.00 mmol) in THF (4 mL)/MeOH (5 mL) was added 

over 30 min. The resulting solution was heated to 57 °C (external temperature) and stirred. After 

17 h, the reaction mixture was cooled to 23 °C and concentrated in vacuo. H2O (20 mL) was added 

to the crude residue, followed by CH2Cl2 (15 mL). The layers were separated using a separatory 

funnel and the aqueous layer was extracted with CH2Cl2 (2  15 mL). The crude residue was 

purified by flash chromatography (15 to 50% EtOAc in hexanes) on silica gel (100 mL). The semi-

pure material was stirred with CH2Cl2 and Amberlite™ IRC-748 resin to remove residual copper. 

After 1 h, the mixture was filtered by gravity through a cotton plug and concentrated in vacuo to 

afford 2-(dimethoxymethyl)-4-((3-nitrophenyl)ethynyl)pyridine (835 mg, 47% yield) as a brown 

solid.  

2-(Dimethoxymethyl)-4-((3-nitrophenyl)ethynyl)pyridine: m.p. = 90–92 °C; Rf = 0.33 (60% 

EtOAc in hexanes); IR (neat): vmax = 2964, 2917, 2219, 1596, 1530, 1349, 1197, 1113, 1047 cm-

1; 1H NMR (300 MHz, 293 K, CDCl3): 𝛿 8.64 (d, J = 5.1 Hz, 1H, 6-H), 8.39 (t, J = 1.8 Hz, 1H, -

Ph), 8.39 (ddd, J = 8.4, 2.4, 1.2 Hz, 1H, -Ph), 7.83 (dt, J = 7.8, 1.2 Hz, 1H, -Ph), 7.69 (br s, 1H, 3-

H), 7.57 (app t, J = 8.1, 1H, -Ph), 7.36 (dd, J = 5.1,1.5 Hz, 1H, 5-H), 5.40 (s, 1H, -CH(OCH3)2), 

3.43 (s, 6H, -CH(OCH3)2); 
13C NMR (100 MHz, 293 K, CDCl3): 𝛿 157.7, 149.5, 148.2, 137.5, 

131.0, 129.7, 126.8, 125.2, 123.9, 123.8, 123.5, 103.4, 91.0, 89.0, 53.7; HRMS (ESI+) calcd for 

C16H15N2O4 [M + H] = 299.1026, found 299.1030. 
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Preparation of 3-(2-(2-(dimethoxymethyl)pyridin-4-yl)ethyl)aniline: A 100-mL round-

bottom flask was charged with 2-(dimethoxymethyl)-4-((3-nitrophenyl)ethynyl)pyridine (834 mg, 

2.79 mmol), EtOH (27 mL), PtO2 (32 mg, 0.14 mmol) at 23 °C. The resulting suspension was 

purged with hydrogen gas three times and stirred vigorously at the same temperature for 5 d. EtOH 

(10 mL) and PtO2 (19 mg, 0.080 mmol) at 23 °C were added. The resulting suspension was purged 

with hydrogen gas three times and stirred vigorously at the same temperature for 24 h. The 

suspension was filtered by gravity through filter paper, and the resulting filtrate was concentrated 

in vacuo to yield 3-(2-(2-(dimethoxymethyl)pyridin-4-yl)ethyl)aniline (710 mg, 93% yield) as a 

dark brown oil. 

3-(2-(2-(Dimethoxymethyl)pyridin-4-yl)ethyl)aniline: Rf = 0.13 (60% EtOAc in hexanes); 

IR (neat): vmax = 3354, 3220, 2981, 2830, 1708, 1602, 1561, 1493, 1460, 1417, 1363, 1296, 1191, 

1163, 1113, 1096, 1055, 983 cm-1; 1H NMR (300 MHz, 293 K, CDCl3): 𝛿 8.56 (d, J = 5.1 Hz, 1H, 

6-H), 7.37 (br s, 1H, 3-H), 7.07–7.02 (m, 2H, -Ar), 6.56–6.48 (m, 3H, -Ar), 5.35 (s, 1H, -

CH(OCH3)2), 3.39 (s, 6H, -CH(OCH3)2), 2.94–2.79 (m, 4H, -CH2CH2Ph); 13C NMR (100 MHz, 

293 K, CDCl3): 𝛿 156.9, 151.6, 148.9, 146.5, 141.9, 129.3, 123.7, 121.2, 118.6, 115.1, 113.0, 

103.9, 53.7, 37.0, 36.5; HRMS (ESI+) calcd for C16H21N2O2 [M + H] = 273.1597, found 273.1596. 
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Preparation of N-(3-(2-(2-(dimethoxymethyl)pyridin-4-yl)ethyl)phenyl)propionamide: A 

50-mL round-bottom flask was charged with 3-(2-(2-(dimethoxymethyl)pyridin-4-yl)ethyl)aniline 

(658 mg, 2.42 mmol), then evacuated and refilled with nitrogen gas three times. CH2Cl2 (15 mL), 

propionic anhydride (0.34 mL, 2.7 mmol), and Et3N (0.37 mL, 2.7 mmol). The reaction mixture 

was stirred at 23 °C. After 1 h, saturated aqueous NaHCO3 (15 mL) was added to the reaction 

mixture. The layers were separated using a separatory funnel and the aqueous layer was extracted 

with CH2Cl2 (2  15 mL). The crude residue was purified by flash chromatography (70 to 100% 

EtOAc in hexanes) on silica gel (40 mL) to afford N-(3-(2-(2-(dimethoxymethyl)pyridin-4-

yl)ethyl)phenyl)propionamide (585 mg, 74% yield) as an amber oil. 

N-(3-(2-(2-(dimethoxymethyl)pyridin-4-yl)ethyl)phenyl)propionamide: Rf = 0.25 (100% 

EtOAc); IR (neat): vmax = 3299, 2981, 2830, 1665, 1605, 1549, 1488, 1439, 1362, 1304, 1265, 

1193, 1163, 1114, 1098, 1058, 984 cm-1; 1H NMR (400 MHz, 293 K, DMSO-d6): 𝛿 9.76 (s, 1H, 

NH), 8.41 (d, J = 2.8 Hz, 1H, 6-H), 7.45 (br s, 1H, 3-H), 7.38 (d, J = 8.0 Hz, 1H, -Ph), 7.30 (br s, 

1H, -Ph), 7.23 (dd, J = 5.2, 1.2 Hz, 1H, 5-H), 7.16 (d, J = 7.6 Hz, 1H, -Ph), 6.87 (d, J = 7.6 Hz, 

1H, -Ph), 5.23 (s, 1H, -CH(OCH3)2), 3.25 (s, 6H, -CH(OCH3)2), 2.93–2.82 (m, 4H, -CH2CH2Ph), 

2.28 (q, J = 7.6 Hz, 2H, -CH2CH3), 1.06 (t, J = 7.6 Hz, 3H, -CH2CH3); 
13C NMR (100 MHz, 293 

K, DMSO-d6): 𝛿 172.3, 157.3, 151.3, 149.0, 141.7, 139.8, 128.9, 124.3, 123.5, 121.4, 119.5, 117.3, 

104.4, 53.7, 36.6, 36.4, 29.9, 10.2; HRMS (ESI+) calcd for C19H25N2O3 [M + H] = 329.1865, 

found 329.1858. 
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Preparation of 2-(dimethoxymethyl)-4-((3-methoxyphenyl)ethynyl)pyridine: A 25-mL 

round-bottom flask with 4-bromo-2-(dimethoxymethyl)pyridine (764 mg, 3.29 mmol) was purged 

with nitrogen gas three times, treated with Pd(PPh3)2Cl2 (123 mg, 0.180 mmol) and CuI (33 mg, 

0.18 mmol), and then purged again with nitrogen gas three times. The mixture was dissolved in 

anhydrous 1,4-dioxane (4 mL), Et3N (1.82 mL, 13.1 mmol), and 3-ethynylanisole (630 L, 4.97 

mmol) at 23 °C. The resulting solution was heated to 55 °C (external temperature) and stirred. 

After 17 h, the reaction mixture was cooled to 23 °C. The crude residue was dry-loaded and 

purified by flash chromatography (0 to 50% EtOAc in hexanes) on silica gel (90 mL). The semi-

pure material was stirred with H2O (25 mL) and Diaion® CR20 resin to remove residual copper. 

After 1.7 h, the mixture was filtered by gravity through a cotton plug. EtOAc (30 mL) was added 

to the aqueous solution. The layers were separated using a separatory funnel and the aqueous layer 

was extracted with EtOAc (10 mL). The combined organic layers were dried over anhydrous 

Na2SO4, filtered, and concentrated in vacuo to afford 2-(dimethoxymethyl)-4-((3-

methoxyphenyl)ethynyl)pyridine (868 mg, 93% yield) as a dark brown oil. 

2-(Dimethoxymethyl)-4-((3-methoxyphenyl)ethynyl)pyridine: Rf = 0.45 (60% EtOAc in 

hexanes); IR (neat): vmax = 2936, 2831, 2211, 1596, 1574, 1541, 1489, 1463, 1421, 1361, 1323, 

1283, 1243, 1194, 1178, 1159, 1110, 1095, 1047 cm-1; 1H NMR (400 MHz, 293 K, DMSO-d6): 𝛿 

8.61 (d, J = 4.8 Hz, 1H, 6-H), 7.57 (s, 1H, -Ph), 7.51 (dd, J = 4.8, 1.6 Hz, 1H, 5-H), 7.47 (t, J = 

8.0 Hz, 1H, -Ph), 7.21–7.19 (m, 2H, -Ar), 7.07–7.04 (m, 1H, -Ph), 5.33 (s, 1H, -CH(OCH3)2), 3.79 
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(s, 3H, -OCH3), 3.31 (s, 6H, -CH(OCH3)2); 
13C NMR (100 MHz, 293 K, DMSO-d6): 𝛿 159.6, 

157.9, 149.8, 131.1, 130.5, 125.5, 124.6, 122.8, 122.6, 116.9, 116.8, 103.8, 94.1, 84.9, 55.7, 53.9; 

HRMS (ESI+) calcd for C17H18NO3 [M + H]+ = 284.1281, found 284.1280.  

 

 

Preparation of 2-(dimethoxymethyl)-4-(3-methoxyphenethyl)pyridine: A 100-mL round-

bottom flask was charged with 2-(dimethoxymethyl)-4-((3-methoxyphenyl)ethynyl)pyridine (474 

mg, 1.67 mmol), EtOAc (20 mL), 10 wt % Pt/C (180 mg, 0.170 mmol) at 23 °C. The resulting 

suspension was purged with hydrogen gas three times and stirred vigorously at the same 

temperature for 7 h. The suspension was filtered by gravity through filter paper. The resulting 

filtrate was concentrated in vacuo and purified by flash chromatography (50 to 80% EtOAc in 

hexanes) on silica gel (35 mL) to yield 2-(dimethoxymethyl)-4-(3-methoxyphenethyl)pyridine as 

an amber oil (297 mg, 62% yield). 

2-(Dimethoxymethyl)-4-(3-methoxyphenethyl)pyridine: Rf = 0.23 (60% EtOAc in hexanes); 

IR (neat): vmax = 2984, 2831, 1592, 1562, 1465, 1455, 1426, 1327, 1300, 1262, 1247, 1183, 1162, 

1112, 1092, 1051, 1012 cm-1; 1H NMR (400 MHz, 293 K, acetone-d6): 𝛿 8.41 (d, J = 4.8 Hz, 1H, 

6-H), 7.32 (br s, 1H, 3-H), 7.20–7.15 (m, 2H, Ph), 6.82–6.79 (m, 2H, Ph), 6.76–6.73 (m, 1H, 5-

H), 5.24 (s, 1H, -CH(OCH3)2), 3.75 (s, 3H, -OCH3), 3.31 (s, 6H, -CH(OCH3)2), 3.00–2.90 (m, 4H, 

-CH2CH2Ph); 13C NMR (100 MHz, 293 K, acetone-d6): 𝛿 160.8, 158.5, 151.8, 149.5, 143.5, 133.9, 
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130.6, 130.1, 124.5, 121.9, 121.6, 115.0, 112.3, 105.6, 55.3, 53.9, 53.8, 37.6, 37.3; HRMS (ESI+) 

calcd for C17H22NO3 [M + H]+ = 288.1594, found 288.1592. 

 

 

Preparation of (E)-4-(3-methoxyphenethyl)picolinaldehyde oxime: A 25-mL pear-shaped 

flask open to air with 2-(dimethoxymethyl)-4-(3-methoxyphenethyl)pyridine (179 mg, 0.620 

mmol) was charged with H2O (2 mL) and 5 M H2SO4 in H2O (130 L, 0.680 mmol). The solution 

was heated to 90 °C (external temperature). After stirring at the same temperature for 2.8 h, the 

reaction mixture was cooled to 23 °C and treated with K2CO3 (343 mg, 2.48 mmol) followed by 

MeOH (7 mL) and NH2OH•HCl (43 mg, 0.62 mmol) at the same temperature. A reflux condenser 

was attached, and the reaction was heated to reflux while open to air. After 2.5 h, the reaction 

mixture was cooled to 23 °C and concentrated in vacuo. EtOAc (15 mL) was added to the crude 

residue, followed by saturated aqueous NH4Cl (20 mL). The layers were separated using a 

separatory funnel and the aqueous layer was extracted with EtOAc (2  10 mL). The combined 

organic layers were dried over anhydrous Na2SO4, filtered, and concentrated in vacuo to afford 

(E)-4-(3-methoxyphenethyl)picolinaldehyde oxime (117 mg, 74% yield) as a white solid. This 

material was used directly without further purification.  

(E)-4-(3-Methoxyphenethyl)picolinaldehyde oxime: m.p. = 147–150 °C; Rf = 0.50 (60% 

EtOAc in hexanes); IR (neat): vmax = 2980, 2889, 2836, 2729, 1602, 1583, 1556, 1516, 1491, 1454, 

1436, 1417, 1320, 1264, 1150, 1049 cm-1; 1H NMR (400 MHz, 293 K, CD3OD): 𝛿 8.35 (d, J = 5.2 

Hz, 1H, 6-H), 8.06 (s, 1H, -CH=NOH), 7.68 (s, 1H, -Ar), 7.22–7.14 (m, 2H, -Ar), 6.75–6.72 (m, 

3H, -Ar), 3.74 (s, 3H, -OCH3), 3.00–2.90 (m, 4H, -CH2CH2Ph); 13C NMR (100 MHz, 293 K, 
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CD3OD): 𝛿 161.2, 153.8, 153.2, 149.7, 149.4, 143.5, 130.4, 125.7, 122.0, 121.8, 115.1, 112.6, 

55.5, 37.9, 37.4; HRMS (ESI+) calcd for C15H17N2O2 [M + H] = 257.1285, found 257.1272. 

 

 

Preparation of (E)-2-((hydroxyimino)methyl)-4-(3-methoxyphenethyl)-1-methylpyridin-1-

ium iodide (ADG4063): A 35-mL sealed tube with (E)-4-(3-methoxyphenethyl)picolinaldehyde 

oxime (88 mg, 0.34 mmol) was charged with acetone (2 mL) and MeI (210 L, 3.40 mmol). The 

vessel was sealed and heated to 55 °C (external temperature). After 20.5 h at the same temperature, 

the reaction mixture was cooled to 23 °C, transferred to a 10-mL round-bottomed flask and 

concentrated in vacuo to yield (E)-2-((hydroxyimino)methyl)-4-(3-methoxyphenethyl)-1-

methylpyridin-1-ium iodide as an orange solid (127 mg, 94% yield). 

(E)-2-((Hydroxyimino)methyl)-4-(3-methoxyphenethyl)-1-methylpyridin-1-ium iodide: 

m.p. = 169–172 °C; Rf = 0.08 (5% MeOH in CH2Cl2); IR (neat): vmax = 3151, 2998, 1635, 1604, 

1574, 1484, 1446, 1292, 1259, 1143, 1048 cm-1; 1H NMR (300 MHz, 293 K, DMSO-d6): 𝛿 13.01 

(s, 1H, -CH=NOH), 8.83 (d, J = 6.3 Hz, 1H, 6-H), 8.62 (s, 1H, -CH=NOH), 8.22 (d, J = 1.8 Hz, 

1H, 3-H), 7.54 (dd, J = 6.3, 1.8 Hz, 1H, 5-H), 7.19 (t, J = 8.1 Hz, 1H, -Ph), 6.86–6.75 (m, 3H, -

Ph), 4.29 (s, 3H, -N+CH3), 3.73 (s, 3H, -OCH3), 3.22 (t, J = 7.2 Hz, 2H, -CH2CH2Ph), 2.96 (t, J = 

7.2 Hz, 2H, -CH2CH2Ph); 13C NMR (100 MHz, 293 K, DMSO-d6): 𝛿 161.2, 159.8, 147.0, 146.5, 

146.3, 142.2, 142.0, 129.9, 127.4, 124.9, 121.1, 114.6, 112.1, 55.4, 45.9, 36.3, 35.1; HRMS (ESI+) 

calcd for C16H19N2O2 [M]+ = 271.1441, found 271.1449. 
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Preparation of 3-isopropoxybenzaldehyde: 3-Isopropoxybenzaldehyde was synthesized 

following the literature procedure.134 A 100-mL round-bottomed flask was charged with 3-

hydroxybenzaldehyde (5.60 g, 45.9 mmol), K2CO3 (20.00 g, 145.0 mmol), and isopropanol (50 

mL). A reflux condenser was attached, and the reaction was heated to reflux. After 2 d, the reaction 

mixture was cooled to 23 °C and concentrated in vacuo. EtOAc (40 mL) was added to the crude 

residue, followed by saturated aqueous NH4Cl (40 mL). The layers were separated using a 

separatory funnel and the aqueous layer was extracted with EtOAc (2  40 mL). The combined 

organic layers were dried over anhydrous Na2SO4, filtered, and concentrated in vacuo to afford an 

inseparable mixture (3:1) of and 3-isopropoxybenzaldehyde (5.74 g, 76% yield) and 3-

hydroxybenzaldehyde as a pale yellow oil. This material was used directly without further 

purification.  

3-Isopropoxybenzaldehyde: 1H NMR (400 MHz, 293 K, CDCl3): 𝛿 9.96 (s, 1H, -CHO), 

7.45–7.38 (m, 3H), 7.19–7.13 (m, 1H), 4.63 (sept, J = 6.0 Hz, 1H, -OCH(CH3)2), 1.36 (d, J = 6.0, 

6H, -OCH(CH3)2). The 1H NMR data for 3-isopropoxybenzaldehyde was consistent with those in 

the literature. 134, 155 143,125 143,125156 

 

 

Preparation of 1-ethynyl-3-isopropoxybenzene: A 50-mL flame-dried, round-bottom flask 

with was charged with dimethyl (1-diazo-2-oxopropyl)phosphonate (1.00 g, 5.20 mmol), then 

evacuated and refilled with nitrogen gas three times. MeOH (15 mL) was added and the vessel was 

cooled to 0°C. 3-Isopropoxybenzaldehyde (500 mg, 3.47 mmol) in MeOH (5 mL) was added, 

O
HO

O
O

O
O

O
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followed by K2CO3 (959 mg, 6.94 mmol). The reaction mixture was stirred at the same 

temperature. After 1 h, the ice bath was removed and the reaction mixture was allowed to warm to 

23 °C. After 18.5 h, the reaction mixture was concentrated in vacuo. EtOAc (15 mL) was added 

to the crude residue, followed by saturated aqueous NH4Cl (25 mL). The layers were separated 

using a separatory funnel and the aqueous layer was extracted with EtOAc (2  10 mL). The 

combined organic layers were dried over anhydrous Na2SO4, filtered, and concentrated in vacuo. 

The crude residue was purified by flash chromatography (0 to 30% EtOAc in hexanes) on silica 

gel (30 mL) to afford 1-ethynyl-3-isopropoxybenzene (249 mg, 45% yield) as a pale yellow oil.  

1-Ethynyl-3-isopropoxybenzene: 1H NMR (300 MHz, 293 K, CDCl3): 𝛿 7.20 (t, J = 7.8 

Hz, 1H), 7.07–7.00 (m, 2H), 6.89 (ddd, J = 7.8, 2.4, 0.9 Hz, 1H), 4.54 (sept, J = 6.0, 1H, -

OCH(CH3)2), 3.04 (s, 1H, -CH), 1.33 (d, J = 6.0, 6H, -OCH(CH3)2). The 1H NMR data for 1-

ethynyl-3-isopropoxybenzene was consistent with those in the literature.157 

 

 

Preparation of 1-bromo-3-isopropoxybenzene: A 25-mL round-bottomed flask was 

charged with dimethylformamide (5 mL), K2CO3 (941 mg, 6.81 mmol), 3-bromophenol (1.07 g, 

6.19 mmol), and 2-iodopropane (3.10 mL, 30.9 mmol). The reaction mixture was stirred at 23 °C. 

After 40 h, the reaction mixture was extracted with EtOAc (2  40 mL). The combined organic 

layers were washed with H2O (3  30 mL), dried over anhydrous Na2SO4, filtered, and 

concentrated in vacuo to afford 1-bromo-3-isopropoxybenzene as a pale yellow oil (929 mg, 69% 

yield). 

OH O

Br Br
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1-Bromo-3-isopropoxybenzene: 1H NMR (300 MHz, 293 K, CDCl3): 𝛿 7.09 (t, J = 8.2 Hz, 

1H), 7.04–7.00 (m, 2H), 6.78 (ddd, J = 8.0, 2.3, 1.1 Hz, 1H), 4.50 (sept, J = 6.3, 1H, -OCH(CH3)2), 

1.31 (d, J = 6.3, 6H, -OCH(CH3)2). The 1H NMR data for 1-bromo-3-isopropoxybenzene was 

consistent with those in the literature.158  

 

 

Preparation of ((3-isopropoxyphenyl)ethynyl)trimethylsilane: A 75-mL sealed tube with 

1-bromo-3-isopropoxybenzene (1.53 g, 7.00 mmol) was flushed with argon gas, treated with 

Pd(PPh3)2Cl2 (246 mg, 0.350 mmol) and CuI (67 mg, 0.35 mmol), and then flushed again with 

argon gas. The mixture was dissolved in anhydrous 1,4-dioxane (7 mL), Et3N (3.90 mL, 28.0 

mmol), and trimethylsilylacetylene (1.50 mL, 10.5 mmol) at 23 °C. The resulting solution was 

heated to 55 °C (external temperature) and stirred. After 21 h, the reaction mixture was cooled to 

23 °C. The crude residue was dry-loaded and purified by flash chromatography (0 to 20% EtOAc 

in hexanes) on silica gel (50 mL). The semi-pure material was stirred with H2O (20 mL) and 

Diaion® CR20 resin to remove residual copper. After 1 h, the mixture was filtered by gravity 

through a cotton plug. EtOAc (10 mL) was added to the aqueous solution. The layers were 

separated using a separatory funnel and the aqueous layer was extracted with EtOAc (10 mL). The 

combined organic layers were dried over anhydrous Na2SO4, filtered, and concentrated in vacuo 

to afford ((3-isopropoxyphenyl)ethynyl)trimethylsilane (1.47 g, 91% yield) as an amber oil. 

((3-Isopropoxyphenyl)ethynyl)trimethylsilane: 1H NMR (400 MHz, 293 K, CDCl3): 𝛿 7.19 

(t, J = 7.6 Hz, 1H), 7.04 (dt, J = 7.6, 1.2 Hz, 1H), 6.99 (t, J = 1.2 Hz, 1H), 6.86 (ddd, J = 7.6, 2.4, 

O O

Br

TMS
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0.8 Hz, 1H), 4.54 (sept, J = 6.0, 1H, -OCH(CH3)2), 1.33 (d, J = 6.0, 6H, -OCH(CH3)2), 0.26 (s, 

9H, -Si(CH3)3. 

 

 

Preparation of 1-ethynyl-3-isopropoxybenzene: A 50-mL round-bottomed flask was 

charged with ((3-isopropoxyphenyl)ethynyl)trimethylsilane (702 mg, 3.02 mmol), K2CO3 (626 

mg, 4.53 mmol), and MeOH (20 mL). The mixture was stirred at 23 °C. After 1.7 h, the reaction 

mixture was cooled concentrated in vacuo. EtOAc (10 mL) was added to the crude residue, 

followed by saturated aqueous NH4Cl (20 mL). The layers were separated using a separatory 

funnel and the aqueous layer was extracted with EtOAc (15 mL). The combined organic layers 

were dried over anhydrous Na2SO4, filtered, and concentrated in vacuo to afford 1-ethynyl-3-

isopropoxybenzene (394 mg, 81% yield) as a colorless oil. This material was used directly without 

further purification.  

1-Ethynyl-3-isopropoxybenzene: 1H NMR (300 MHz, 293 K, CDCl3): 𝛿 7.21 (t, J = 7.8 

Hz, 1H), 7.06 (d, J = 7.8, 1H), 7.01 (t, J = 2.1 Hz, 1H), 6.89 (ddd, J = 7.8, 2.4, 0.9 Hz, 1H), 4.54 

(sept, J = 6.0, 1H, -OCH(CH3)2), 3.05 (s, 1H, -CH), 1.33 (d, J = 6.0, 6H, -OCH(CH3)2). The 1H 

NMR data for 1-ethynyl-3-isopropoxybenzene was consistent with those in the literature.157`  

 

 

OO

TMS
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Preparation of 2-(dimethoxymethyl)-4-((3-isopropoxyphenyl)ethynyl)pyridine: A 10-mL 

round-bottom flask with 4-bromo-2-(dimethoxymethyl)pyridine (336 mg, 1.44 mmol) was purged 

with nitrogen gas three times, treated with Pd(PPh3)2Cl2 (51 mg, 0.72 mmol) and CuI (7 mg, 0.4 

mmol), and then purged again with nitrogen gas three times. The mixture was dissolved in 

anhydrous 1,4-dioxane (2 mL), Et3N (630 L, 4.89 mmol), and 1-ethynyl-3-isopropoxybenzene 

(394 mg, 2.46 mmol) at 23 °C. The resulting solution was heated to 55 °C (external temperature) 

and stirred. After 17 h, the reaction mixture was cooled to 23 °C. The crude residue was dry-loaded 

and purified by flash chromatography (0 to 40% EtOAc in hexanes) on silica gel (40 mL). The 

semi-pure material was stirred with H2O (15 mL) and Diaion® CR20 resin to remove residual 

copper. After 1 h, the mixture was filtered by gravity through a cotton plug. EtOAc (10 mL) was 

added to the aqueous solution. The layers were separated using a separatory funnel and the aqueous 

layer was extracted with EtOAc (10 mL). The combined organic layers were dried over anhydrous 

Na2SO4, filtered, and concentrated in vacuo to afford 2-(dimethoxymethyl)-4-((3-

isopropoxyphenyl)ethynyl)pyridine (483 mg, quantitative yield) as an amber brown oil. 

2-(Dimethoxymethyl)-4-((3-isopropoxyphenyl)ethynyl)pyridine: Rf = 0.44 (60% EtOAc in 

hexanes); IR (neat): vmax = 2978, 2932, 2831, 2215, 1597, 1572, 1487, 1466, 1452, 1426, 1383, 

1361, 1321, 1281, 1240, 1190, 1159, 1111, 1096, 1058 cm-1; 1H NMR (400 MHz, 293 K, acetone-

d6): 𝛿 8.59 (d, J = 4.8 Hz, 1H, 6-H), 7.60 (br s, 1H, 3-H), 7.44 (dd, J = 4.8, 1.6 Hz, 1H, 5-H), 7.34 

(t, J = 8.0 Hz, 1H, -Ph), 7.17–7.15 (m, 2H, -Ph), 7.02 (ddd, J = 8.0, 2.4, 0.8 Hz, 1H, -Ph), 5.31 (s, 

1H, -CH(OCH3)2), 4.69 (sept, J = 6.0, 1H, -OCH(CH3)2), 3.38 (s, 6H, -CH(OCH3)2), 1.31 (d, J = 

6.0, 6H, -OCH(CH3)2); 
13C NMR (100 MHz, 293 K, acetone-d6): 𝛿 158.3, 158.0, 149.2, 131.3, 

129.9, 124.9, 123.9, 123.0, 122.6, 118.5, 117.6, 104.1, 93.4, 86.2, 69.7, 53.0, 21.3; HRMS (ESI+) 

calcd for C19H22NO3 [M + H]+ = 312.1594, found 312.1585. 
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Preparation of 2-(dimethoxymethyl)-4-(3-isopropoxyphenethyl)pyridine: A 100-mL 

round-bottom flask was charged with 2-(dimethoxymethyl)-4-((3-

isopropoxyphenyl)ethynyl)pyridine (315 g, 1.01 mmol), EtOAc (20 mL), 10 wt % Pt/C (108 mg, 

0.100 mmol) at 23 °C. The resulting suspension was purged with hydrogen gas three times and 

stirred vigorously at the same temperature for 18 h. The suspension was filtered by gravity through 

filter paper, and the resulting filtrate was concentrated in vacuo to yield 2-(dimethoxymethyl)-4-

(3-isopropoxyphenethyl)pyridine as an amber oil (252 mg, 80% yield). This material was used 

directly without further purification. 

2-(Dimethoxymethyl)-4-(3-isopropoxyphenethyl)pyridine: Rf = 0.32 (60% EtOAc in 

hexanes); IR (neat): vmax = 2978, 2932, 2831, 2215, 1602, 1581, 1561, 1486, 1443, 1416, 1383, 

1364, 1256, 1183, 1156, 1137, 1113, 1098, 1056 cm-1; 1H NMR (400 MHz, 293 K, CDCl3): 𝛿 8.49 

(d, J = 5.2 Hz, 1H, 6-H), 7.37 (br s, 1H, 3-H), 7.17 (app t, J = 8.0 Hz, 1H, -Ph), 7.05 (dd, J = 5.2, 

1.6 Hz, 1H, 5-H), 6.74–6.68 (m, 3H, -Ph), 5.35 (s, 1H, -CH(OCH3)2), 4.51 (sept, J = 6.0, 1H, -

OCH(CH3)2), 3.40 (s, 6H, -CH(OCH3)2), 2.97–6.87 (m, 4H, -CH2CH2Ph), 1.31 (d, J = 6.0, 6H, -

OCH(CH3)2); 
13C NMR (100 MHz, 293 K, CDCl3): 𝛿 158.0, 157.1, 151.4, 149.1, 142.3, 129.4, 

123.8, 121.3, 120.6, 116.3, 113.4, 104.1, 69.7, 53.7, 37.1, 36.6, 22.1; HRMS (ESI+) calcd for 

C19H26NO3 [M + H]+ = 316.1907, found 316.1907. 
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Preparation of (E)-4-(3-isopropoxyphenethyl)picolinaldehyde oxime: A 25-mL pear-

shaped flask open to air with 2-(dimethoxymethyl)-4-(3-isopropoxyphenethyl)pyridine (153 mg, 

0.490 mmol) was charged with H2O (2 mL) and 5 M H2SO4 in H2O (110 L, 0.530 mmol). The 

solution was heated to 85 °C (external temperature). After stirring at the same temperature for 5 h, 

the reaction mixture was cooled to 23 °C and treated with K2CO3 (270 mg, 1.96 mmol) followed 

by MeOH (6 mL) and NH2OH•HCl (34 mg, 0.49 mmol) at the same temperature. A reflux 

condenser was attached, and the reaction was heated to reflux while open to air. After 2.5 h, the 

reaction mixture was cooled to 23 °C and concentrated in vacuo. EtOAc (10 mL) was added to the 

crude residue, followed by saturated aqueous NH4Cl (15 mL). The layers were separated using a 

separatory funnel and the aqueous layer was extracted with EtOAc (2  10 mL). The combined 

organic layers were dried over anhydrous Na2SO4, filtered, and concentrated in vacuo to afford 

(E)-4-(3-isopropoxyphenethyl)picolinaldehyde oxime (144 mg, quantitative yield) as a light tan 

solid. This material was used directly without further purification.  

(E)-4-(3-Isopropoxyphenethyl)picolinaldehyde oxime: m.p. = 153–155 °C; Rf = 0.50 (60% 

EtOAc in hexanes); IR (neat): vmax = 2973, 1602, 1579, 1486, 1453, 1384, 1261, 1110 cm-1; 1H 

NMR (400 MHz, 293 K, DMSO-d6): 𝛿 11.63 (s, 1H, -CH=NOH), 8.44 (d, J = 5.2 Hz, 1H, 6-H), 

8.03 (s, 1H, -CH=NOH), 7.63 (s, 1H, -Ar), 6.90 (dd, J = 5.2, 1.2 Hz, 1H, -Ar), 7.15 (t, J = 8.0 Hz, 

1H, -Ar), 6.77–6.75 (m, 2H, -Ph), 6.70 (d, J = 8.0 Hz, 1H, -Ar), 4.55 (sept, J = 6.0, 1H, -

OCH(CH3)2), 2.94–2.84 (m, 4H, -CH2CH2Ph), 1.22 (d, J = 6.0, 6H, -OCH(CH3)2); 
13C NMR (100 

MHz, 293 K, DMSO-d6): 𝛿 157.9, 152.5, 151.4, 149.6, 149.4, 142.9, 129.8, 124.6, 120.9, 120.1, 

116.3, 113.7, 69.3, 36.4, 36.0, 22.3; HRMS (ESI+) calcd for C17H21N2O2 [M + H] = 285.1597, 
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found 285.1599. 

 

 

Preparation of (E)-2-((hydroxyimino)methyl)-4-(3-isopropoxyphenethyl)-1-

methylpyridin-1-ium iodide (ADG4111): A 35-mL sealed tube with (E)-4-(3-

isopropoxyphenethyl)picolinaldehyde oxime (77 mg, 0.27 mmol) was charged with acetone (1 

mL) and MeI (170 L, 2.70 mmol). The vessel was sealed and heated to 50 °C (external 

temperature). After 21 h at the same temperature, the reaction mixture was cooled to 23 °C, 

transferred to a 25-mL round-bottomed flask and concentrated in vacuo to yield (E)-2-

((hydroxyimino)methyl)-4-(3-isopropoxyphenethyl)-1-methylpyridin-1-ium iodide as a light 

yellow solid (76 mg, 66% yield). 

(E)-2-((Hydroxyimino)methyl)-4-(3-isopropoxyphenethyl)-1-methylpyridin-1-ium iodide: 

m.p. = 156–159 °C; Rf = 0.08 (5% MeOH in CH2Cl2); IR (neat): vmax = 3081, 2967, 1589, 1446, 

1320, 1254, 1237, 1187, 1154, 1110 cm-1; 1H NMR (400 MHz, 293 K, CD3OD): 𝛿 8.67 (d, J = 6.4 

Hz, 1H, 6-H), 8.58 (s, 1H, -CH=NOH), 8.20 (d, J = 2.0, 1H, 3-H), 7.79 (dd, J = 6.4, 2.0 Hz, 1H, 

5-H), 7.15 (t, J = 8.0, 1H, -Ar), 6.77–6.72 (m, 3H, -Ar), 4.55 (sept, J = 6.0, 1H, -OCH(CH3)2), 4.33 

(s, 3H, -N+CH3), 3.25 (t, J = 7.6, 1H, -CH2CH2Ph), 3.03 (t, J = 7.6, 1H, -CH2CH2Ph), 1.27 (d, J = 

6.0, 6H, -OCH(CH3)2); 
13C NMR (100 MHz, 293 K, CD3OD): 𝛿 163.1, 159.4, 148.7, 146.8, 142.3, 

141.9, 130.6, 128.3, 126.6, 121.8, 117.4, 114.9, 70.8, 46.4, 37.9, 36.3, 22.3; HRMS (ESI+) calcd 

for C18H23N2O2 [M]+ = 299.1754, found 299.1704. 
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Preparation of 2-(dimethoxymethyl)-4-(3-phenylprop-1-yn-1-yl)pyridine: A 50-mL 3-neck 

round-bottom flask affixed with a septum, reflux condenser, and a nitrogen inlet was charged with 

4-bromo-2-(dimethoxymethyl)pyridine (1.39 g, 6.00 mmol), Pd(PPh3)2Cl2 (211 mg, 0.300 mmol), 

and CuI (57 mg, 0.30 mmol). The flask was evacuated and refilled with nitrogen gas three times. 

The mixture was dissolved in anhydrous 1,4-dioxane (6 mL) and Et3N (2.50 mL, 18.0 mmol). 3-

Phenylpropyne (1.12 mL, 9.00 mmol) was added over 4 h at 50 °C. After 5 h, the reaction mixture 

was cooled to 23 °C. The crude residue was dry-loaded and purified by flash chromatography (10 

to 50% EtOAc in hexanes) on silica gel (100 mL). The semi-pure material was stirred with CH2Cl2 

and Amberlite™ IRC-748 resin to remove residual copper. After 1 h, the mixture was filtered by 

gravity through a cotton plug and concentrated in vacuo to afford an inseparable mixture (2:1) of 

4-bromo-2-(dimethoxymethyl)pyridine and 2-(dimethoxymethyl)-4-(3-phenylprop-1-yn-1-

yl)pyridine (482 mg, 30% yield) as a dark brown oil. This material was used directly without 

further purification due to instability. 

2-(Dimethoxymethyl)-4-(3-phenylprop-1-yn-1-yl)pyridine: Rf = 0.40 (60% EtOAc in 

hexanes); IR (neat): vmax = 2932, 2829, 2235, 1596, 1568, 1554, 1495, 1435, 1387, 1357, 1212, 

1191, 1113, 1095, 1060 cm-1; 1H NMR (400 MHz, 293 K, acetone-d6): 𝛿 8.53 (d, J = 5.2 Hz, 1H, 

6-H), 7.51 (br s, 1H, 3-H), 7.46–7.44 (m, 3H, -Ar), 7.39–7.35 (m, 4H, -Ar), 5.28 (s, 1H, -

CH(OCH3)2), 3.94 (s, 2H, -CH2Ph), 3.35 (s, 6H, -CH(OCH3)2); 
13C NMR (100 MHz, 293 K, 

acetone-d6): 𝛿 158.9, 149.9, 137.1, 132.8, 129.5, 128.8, 127.6, 126.0, 123.6, 104.9, 93.9, 80.8, 

53.9, 25.8; HRMS (ESI+) calcd for C17H18NO2 [M + H]+ = 268.1332, found 268.1319. 
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Preparation of 2-(dimethoxymethyl)-4-(3-phenylpropyl)pyridine: A 50-mL round-bottom 

flask was charged with 2-(dimethoxymethyl)-4-(3-phenylprop-1-yn-1-yl)pyridine (393 mg, 1.05 

mmol), EtOH (15 mL), PtO2 (31 mg, 0.14 mmol) at 23 °C. The resulting suspension was purged 

with hydrogen gas three times and stirred vigorously at the same temperature for 3.5 h. The 

suspension was filtered by gravity through filter paper, and the resulting filtrate was concentrated 

in vacuo. The crude residue was purified by flash chromatography (40 to 60% EtOAc in hexanes) 

on silica gel (25 mL) to yield 2-(dimethoxymethyl)-4-(3-phenylpropyl)pyridine as an orange oil 

(175 mg, 64% yield).  

2-(Dimethoxymethyl)-4-(3-phenylpropyl)pyridine: Rf = 0.38 (60% EtOAc in hexanes); IR 

(neat): vmax = 2930, 2858, 2829, 1603, 1559, 1495, 1452, 1418, 1362, 1191, 1161, 1112, 1098, 

1057 cm-1; 1H NMR (400 MHz, 293 K, DMSO-d6): 𝛿 8.42 (d, J = 5.2 Hz, 1H, 6-H), 7.31–7.26 (m, 

3H, -Ar), 7.23–7.15 (m, 4H, -Ar), 5.24 (s, 1H, -CH(OCH3)2), 3.28 (s, 6H, -CH(OCH3)2), 2.66–2.57 

(m, 4H, -CH2CH2CH2Ph), 1.92–1.84 (m, 2H, -CH2CH2CH2Ph); 13C NMR (100 MHz, 293 K, 

DMSO-d6): 𝛿 157.4, 151.9, 149.1, 142.0, 128.8, 128.7, 126.2, 124.2, 121.1, 104.4, 53.8, 35.1, 34.4, 

32.0; HRMS (ESI+) calcd for C17H22NO2 [M + H]+ = 272.1645, found 272.1653. 
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Preparation of (E)-4-(3-phenylpropyl)picolinaldehyde oxime: A 50-mL pear-shaped flask 

open to air with 2-(dimethoxymethyl)-4-(3-phenylpropyl)pyridine (151 mg, 0.550 mmol) was 

charged with H2O (4 mL) and 5 M H2SO4 in H2O (120 L, 0.610 mmol). The solution was heated 

to 90 °C (external temperature). After stirring at the same temperature for 2.5 h, the reaction 

mixture was cooled to 23 °C and treated with K2CO3 (304 mg, 2.20 mmol) followed by MeOH (12 

mL) and NH2OH•HCl (38 mg, 0.55 mmol) at the same temperature. A reflux condenser was 

attached, and the reaction was heated to reflux while open to air. After 3 h, the reaction mixture 

was cooled to 23 °C and concentrated in vacuo. EtOAc (10 mL) was added to the crude residue, 

followed by saturated aqueous NH4Cl (25 mL). The layers were separated using a separatory 

funnel and the aqueous layer was extracted with EtOAc (2  8 mL). The combined organic layers 

were dried over anhydrous Na2SO4, filtered, and concentrated in vacuo to afford (E)-4-(3-

phenylpropyl)picolinaldehyde oxime (98 mg, 74% yield) as a brown solid. This material was used 

directly without further purification.  

(E)-4-(3-Phenylpropyl)picolinaldehyde oxime: m.p. = 99–102 °C; Rf = 0.42 (60% EtOAc 

in hexanes); IR (neat): vmax = 2980, 2925, 2859, 2738, 1601, 1555, 1495, 1453, 1420, 1320, 992 

cm-1; 1H NMR (500 MHz, 293 K, DMSO-d6): 𝛿 11.59 (s, 1H, -CH=NOH), 8.45 (d, J = 5.0 Hz, 

1H, 6-H), 8.04 (s, 1H, -CH=NOH), 7.61 (br s, 1H, 3-H), 7.29–7.17 (m, 6H, -Ar), 2.66–2.59 (m, 

4H, -CH2CH2CH2Ph), 1.90 (app quint, J = 7.5 Hz, 2H, -CH2CH2CH2Ph); 13C NMR (125 MHz, 

293 K, DMSO-d6): 𝛿 152.4, 151.9, 149.7, 149.4, 142.0, 128.7, 128.7, 126.2, 124.5, 120.0, 35.0, 

34.3, 31.8; HRMS (ESI+) calcd for C15H17N2O [M + H] = 241.1335, found 241.1326. 



 276 

 

 

Preparation of (E)-2-((hydroxyimino)methyl)-1-methyl-4-(3-phenylpropyl)pyridin-1-ium 

(ADG4300): A 35-mL sealed tube with (E)-4-(3-phenylpropyl)picolinaldehyde oxime (32 mg, 

0.13 mmol) was charged with acetone (1 mL) and MeI (82 L, 1.3 mmol). The vessel was sealed 

and heated to 52 °C (external temperature). After 13 h at the same temperature, the reaction mixture 

was cooled to 23 °C, transferred to a 25-mL round-bottomed flask, and concentrated in vacuo to 

yield (E)-2-((hydroxyimino)methyl)-1-methyl-4-(3-phenylpropyl)pyridin-1-ium iodide as a 

brown solid (50 mg, quantitative yield). 

(E)-2-((Hydroxyimino)methyl)-1-methyl-4-(3-phenylpropyl)pyridin-1-ium iodide: m.p. = 

68–70 °C; Rf = 0.10 (10% MeOH in CH2Cl2); IR (neat): vmax = 3056, 2926, 2855, 1738, 1636, 

1597, 1569, 1511, 1494, 1450, 1301, 1185, 1132, 1079, 999 cm-1; 1H NMR (400 MHz, 293 K, 

CD3OD): 𝛿 8.68 (d, J = 6.0 Hz, 1H, 6-H), 8.60 (s, 1H, -CH=NOH), 8.22 (br s, 1H, 3-H), 7.82 (d, 

J = 6.0 Hz, 1H, 5-H), 7.29–7.15 (m, 5H, -Ar), 4.34 (s, 3H, -N+CH3), 2.95 (t, J = 7.6 Hz, 2H, -

CH2CH2CH2Ph), 2.73 (t, J = 7.6 Hz, 2H, -CH2CH2CH2Ph), 1.90 (app quint, J = 7.6 Hz, 2H, -

CH2CH2CH2Ph); 13C NMR (100 MHz, 293 K, CD3OD): 𝛿 163.9, 148.6, 146.9, 142.5, 142.0, 129.6, 

129.5, 128.2, 127.1, 126.5, 46.7, 36.1, 36.1, 32.4; HRMS (ESI+) calcd for C16H19N2O [M]+ = 

255.1492, found 255.1479. 
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Preparation of 2-(dimethoxymethyl)-4-(4-phenylbut-1-yn-1-yl)pyridine: A 75-mL sealed 

tube with 4-bromo-2-(dimethoxymethyl)pyridine (1.16 g, 5.00 mmol) was treated with 

Pd(PPh3)2Cl2 (175 mg, 0.250 mmol) and CuI (48 mg, 0.25 mmol) and flushed with argon gas. The 

mixture was dissolved in anhydrous 1,4-dioxane (5 mL), Et3N (2.10 mL, 15.0 mmol), and 4-

phenyl-1-butyne (1.05 mL, 7.50 mmol) at 23 °C. The resulting solution was heated to 50 °C 

(external temperature) and stirred. After 14 h, the reaction mixture was cooled to 23 °C. The crude 

residue was dry-loaded and purified by flash chromatography (10 to 60% EtOAc in hexanes) on 

silica gel (75 mL). The semi-pure material was stirred with CH2Cl2 and Amberlite™ IRC-748 

resin to remove residual copper. After 1 h, the mixture was filtered by gravity through a cotton 

plug and concentrated in vacuo to afford 2-(dimethoxymethyl)-4-(4-phenylbut-1-yn-1-yl)pyridine 

(1.33 g, 95% yield) as a dark brown oil. 

2-(Dimethoxymethyl)-4-(4-phenylbut-1-yn-1-yl)pyridine: Rf = 0.50 (60% EtOAc in 

hexanes); IR (neat): vmax = 2927, 2830, 2234, 1596, 1453, 1360, 1191, 1111, 1095, 1057 cm-1; 1H 

NMR (300 MHz, 293 K, acetone-d6): 𝛿 8.49 (d, J = 5.1 Hz, 1H, 6-H), 7.42 (app s, 1H, 3-H), 7.33–

7.21 (m, 6H, -Ar), 5.25 (s, 1H, -CH(OCH3)2), 3.34 (s, 6H, -CH(OCH3)2), 2.93 (t, J = 7.3 Hz, 2H, 

-CH2CH2Ph), 2.76 (t, J = 7.3 Hz, 2H, -CH2CH2Ph); 13C NMR (100 MHz, 293 K, acetone-d6): 𝛿 

158.9, 149.8, 141.4, 133.0, 129.4, 129.1, 127.1, 125.9, 123.6, 105.0, 95.7, 79.8, 53.9, 35.2, 22.0; 

HRMS (ESI+) calcd for C18H20NO2 [M + H]+ = 282.1488, found 282.1477. 
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Preparation of 2-(dimethoxymethyl)-4-(4-phenylbutyl)pyridine: A 250-mL round-bottom 

flask was charged with 2-(dimethoxymethyl)-4-(4-phenylbut-1-yn-1-yl)pyridine (1.00 g, 3.55 

mmol), EtOH (70 mL), PtO2 (40 mg, 0.18 mmol) at 23 °C. The resulting suspension was purged 

with hydrogen gas three times and stirred vigorously at the same temperature for 26 h. The 

suspension was filtered by gravity through filter paper, and the resulting filtrate was concentrated 

in vacuo to yield 2-(dimethoxymethyl)-4-(4-phenylbutyl)pyridine as an amber oil (800 mg, 79% 

yield). This material was used directly without further purification. 

2-(Dimethoxymethyl)-4-(4-phenylbutyl)pyridine: Rf = 0.54 (60% EtOAc in hexanes); IR 

(neat): vmax = 2932, 1603, 1496, 1453, 1362, 1209, 1190, 1161, 1113, 1098, 1057 cm-1; 1H NMR 

(400 MHz, 293 K, DMSO-d6): 𝛿 8.40 (d, J = 4.8 Hz, 1H, 6-H), 7.28–7.24 (m, 3H, -Ar), 7.20–7.14 

(m, 4H, -Ar), 5.24 (s, 1H, -CH(OCH3)2), 3.28 (s, 6H, -CH(OCH3)2), 2.66–2.57 (m, 4H, -

CH2CH2CH2CH2Ph), 1.60–1.55 (m, 4H, -CH2CH2CH2CH2Ph); 13C NMR (100 MHz, 293 K, 

DMSO-d6): 𝛿 157.4, 152.1, 149.0, 142.5, 128.8, 128.7, 126.1, 124.2, 121.1, 104.5, 53.8, 35.2, 34.6, 

30.9, 29.9; HRMS (ESI+) calcd for C18H24NO2 [M + H] = 286.1801, found 286.1792. 

 

 

Preparation of (E)-4-(4-phenylbutyl)picolinaldehyde oxime: A 100-mL pear-shaped flask 

open to air with 2-(dimethoxymethyl)-4-(4-phenylbutyl)pyridine (459 mg, 1.61 mmol) was 

charged with H2O (6 mL) and 5 M H2SO4 in H2O (350 L, 1.77 mmol). The solution was heated 
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to 95 °C (external temperature). After stirring at the same temperature for 3 h, the reaction mixture 

was cooled to 23 °C and treated with K2CO3 (890 mg, 6.44 mmol) followed by MeOH (20 mL) 

and NH2OH•HCl (112 mg, 1.61 mmol) at the same temperature. A reflux condenser was attached, 

and the reaction was heated to reflux while open to air. After 2.8 h, the reaction mixture was cooled 

to 23 °C and concentrated in vacuo. EtOAc (10 mL) was added to the crude residue, followed by 

saturated aqueous NH4Cl (25 mL). The layers were separated using a separatory funnel and the 

aqueous layer was extracted with EtOAc (2  10 mL). The combined organic layers were dried 

over anhydrous Na2SO4, filtered, and concentrated in vacuo to afford (E)-4-(4-

phenylbutyl)picolinaldehyde oxime (391 mg, 96% yield) as a yellow solid. This material was used 

directly without further purification.  

(E)-4-(4-Phenylbutyl)picolinaldehyde oxime: m.p. = 139–142 °C; Rf = 0.39 (60% EtOAc 

in hexanes); IR (neat): vmax = 2992, 2919, 2856, 2753, 1601, 1556, 1514, 1495, 1453, 1420, 1321, 

989, cm-1; 1H NMR (400 MHz, 293 K, DMSO-d6): 𝛿 11.60 (s, 1H, -CH=NOH), 8.44 (d, J = 5.2 

Hz, 1H, 6-H), 8.04 (s, 1H, -CH=NOH), 7.60 (br s, 1H, 3-H), 7.29–7.25 (m, 2H, -Ar), 7.21–7.15 

(m, 4H, -Ar), 2.68–2.59 (m, 4H, -CH2CH2CH2CH2Ph), 1.60–1.58 (m, 4H, -CH2CH2CH2CH2Ph); 

13C NMR (100 MHz, 293 K, DMSO-d6): 𝛿 152.4, 152.1, 149.7, 149.4, 142.4, 128.7, 126.1, 124.5, 

119.9, 35.2, 34.4, 30.9, 29.8; HRMS (ESI+) calcd for C16H19N2O [M + H] = 255.1492, found 

255.1479. 

 

 

Preparation of (E)-2-((hydroxyimino)methyl)-1-methyl-4-(4-phenylbutyl)pyridin-1-ium 

iodide (ADG4244): A 35-mL sealed tube with (E)-4-(4-phenylbutyl)picolinaldehyde oxime (202 
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mg, 0.790 mmol) was charged with acetone (2 mL) and MeI (490 L, 7.90 mmol). The vessel was 

sealed and heated to 40 °C (external temperature). After 14.5 h at the same temperature, the 

reaction mixture was cooled to 23 °C, transferred to a 25-mL round-bottomed flask, concentrated 

in vacuo, and recrystallized from acetone/EtOAc (1:1) to yield (E)-2-((hydroxyimino)methyl)-1-

methyl-4-(4-phenylbutyl)pyridin-1-ium iodide as a light yellow solid (184 mg, 59% yield). 

(E)-2-((Hydroxyimino)methyl)-1-methyl-4-(4-phenylbutyl)pyridin-1-ium iodide: m.p. = 

125–129 °C; Rf = 0.10 (5% MeOH in CH2Cl2); IR (neat): vmax = 3119, 2981, 1638, 1591, 1568, 

1512, 1494, 1449, 1427, 1417, 1326, 1306, 1187, 1132, 1009 cm-1; 1H NMR (300 MHz, 293 K, 

DMSO-d6): 𝛿 13.02 (s, 1H, -CH=NOH), 8.83 (d, J = 6.3 Hz, 1H, 6-H), 8.63 (s, 1H, -CH=NOH), 

8.18 (d, J = 1.8 Hz, 1H, 3-H), 7.92 (dd, J = 6.3, 1.8 Hz, 1H, 5-H), 7.30–7.15 (m, 5H, -Ar), 4.29 (s, 

3H, -N+CH3), 2.93 (t, J = 6.6 Hz, 2H, -CH2CH2CH2CH2Ph), 2.62 (t, J = 7.5 Hz, 2H, -

CH2CH2CH2CH2Ph), 1.73–1.55 (m, 4H, -CH2CH2CH2CH2Ph); 13C NMR (100 MHz, 293 K, 

DMSO-d6): 𝛿 162.1, 147.0, 146.3, 142.3, 142.2, 128.7, 127.3, 126.2, 124.7, 45.9, 35.1, 34.6, 30.6, 

29.2; HRMS (ESI+) calcd for C17H21N2O [M]+ = 269.1648, found 269.1657. 

 

 

Preparation of 2-(dimethoxymethyl)-4-(5-phenylpent-1-yn-1-yl)pyridine: A 75-mL sealed 

tube with 4-bromo-2-(dimethoxymethyl)pyridine (1.40 g, 6.00 mmol) was treated with 

Pd(PPh3)2Cl2 (211 mg, 0.300 mmol) and CuI (57 mg, 0.30 mmol) and flushed with argon gas. The 

mixture was dissolved in anhydrous 1,4-dioxane (6 mL), Et3N (2.5 mL, 18 mmol), and 5-phenyl-
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1-pentyne (1.37 mL, 9.00 mmol) at 23 °C. The resulting solution was heated to 50 °C (external 

temperature) and stirred. After 18 h, the reaction mixture was cooled to 23 °C. The crude residue 

was dry-loaded and purified by flash chromatography (10 to 40% EtOAc in hexanes) on silica gel 

(75 mL). The semi-pure material was stirred with CH2Cl2 and Amberlite™ IRC-748 resin to 

remove residual copper. After 1 h, the mixture was filtered by gravity through a cotton plug and 

concentrated in vacuo to afford 2-(dimethoxymethyl)-4-(5-phenylpent-1-yn-1-yl)pyridine (1.81 g, 

quantitative yield) as a dark brown oil. 

2-(Dimethoxymethyl)-4-(5-phenylpent-1-yn-1-yl)pyridine: Rf = 0.55 (60% EtOAc in 

hexanes); IR (neat): vmax = 2934, 2829, 2234, 1596, 1541, 1495, 1453, 1404, 1360, 1209, 1191, 

1179, 1111, 1095, 1058 cm-1; 1H NMR (400 MHz, 293 K, acetone-d6): 𝛿 8.55 (d, J = 5.2 Hz, 1H, 

6-H), 7.51 (app s, 1H, 3-H), 7.36–7.29 (m, 5H, 5-H and -Ph), 7.25–7.21 (m, 1H, -Ph), 5.31 (s, 1H, 

-CH(OCH3)2), 3.38 (s, 6H, -CH(OCH3)2), 2.84 (t, J = 7.2 Hz, 2H, -CH2CH2CH2Ph), 2.52 (t, J = 

7.2 Hz, 2H, -CH2CH2CH2Ph), 1.97 (app quint, J = 7.2 Hz, 2H, -CH2CH2CH2Ph); 13C NMR (100 

MHz, 293 K acetone-d6): 𝛿 158.9, 149.8, 142.3, 133.1, 129.3, 129.2, 126.7, 126.0, 123.6, 105.0, 

95.9, 79.6, 53.8, 35.3, 30.8, 19.1; HRMS (ESI+) calcd for C19H22NO2 [M + H]+ = 296.1645, found 

296.1637. 

 

 

Preparation of 2-(dimethoxymethyl)-4-(5-phenylpentyl)pyridine: A 250-mL round-bottom 

flask was charged with 2-(dimethoxymethyl)-4-(5-phenylpent-1-yn-1-yl)pyridine (1.30 g, 4.37 

mmol), EtOH (80 mL), PtO2 (50 mg, 0.22 mmol) at 23 °C. The resulting suspension was purged 
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with hydrogen gas three times and stirred vigorously at the same temperature for 24 h. The 

suspension was filtered by gravity through filter paper, and the resulting filtrate was concentrated 

in vacuo to yield 2-(dimethoxymethyl)-4-(5-phenylpentyl)pyridine as a dark brown oil (1.15 g, 

88% yield). This material was used directly without further purification. 

2-(Dimethoxymethyl)-4-(5-phenylpentyl)pyridine: Rf = 0.50 (60% EtOAc in hexanes); IR 

(neat): vmax = 2930, 2856, 1603, 1560, 1495, 1452, 1416, 1362, 1191, 1161, 1113, 1098, 1070 cm-

1; 1H NMR (300 MHz, 293 K, acetone-d6): 𝛿 8.40 (d, J = 4.8 Hz, 1H, 6-H), 7.37 (app s, 1H, 3-H), 

7.28–7.13 (m, 6H, 5-H and -Ph), 5.24 (s, 1H, -CH(OCH3)2), 3.34 (s, 6H, -CH(OCH3)2), 2.63 (app 

quint, J = 7.8 Hz, 4H, -CH2CH2CH2CH2CH2Ph), 1.67 (app sext, J = 6.6 Hz, 4H, -

CH2CH2CH2CH2CH2Ph), 1.39 (app quint, J = 8.1 Hz, 2H, -CH2CH2CH2CH2CH2Ph); 13C NMR 

(100 MHz, 293 K, acetone-d6): 𝛿 157.5, 151.8, 148.5, 142.4, 128.1, 125.4, 123.4, 120.7, 104.7, 

52.9, 35.4, 34.7, 31.0, 30.1; HRMS (ESI+) calcd for C19H26NO2 [M + H]+ = 300.1958, found 

300.1946. 

 

 

Preparation of (E)-4-(5-phenylpentyl)picolinaldehyde oxime: A 50-mL pear-shaped flask 

open to air with 2-(dimethoxymethyl)-4-(5-phenylpentyl)pyridine (499 mg, 1.66 mmol) was 

charged with H2O (8 mL) and 5 M H2SO4 in H2O (370 L, 1.83 mmol). The solution was heated 

to 95 °C (external temperature). After stirring at the same temperature for 3 h, the reaction mixture 

was cooled to 23 °C and treated with K2CO3 (918 mg, 6.64 mmol) followed by MeOH (18 mL) 

and NH2OH•HCl (115 mg, 1.66 mmol) at the same temperature. A reflux condenser was attached, 
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and the reaction was heated to reflux while open to air. After 3 h, the reaction mixture was cooled 

to 23 °C and concentrated in vacuo. EtOAc (15 mL) was added to the crude residue, followed by 

saturated aqueous NH4Cl (30 mL). The layers were separated using a separatory funnel and the 

aqueous layer was extracted with EtOAc (2  10 mL). The combined organic layers were dried 

over anhydrous Na2SO4, filtered, and concentrated in vacuo to afford (E)-4-(5-

phenylpentyl)picolinaldehyde oxime (231 mg, 52% yield) as a light brown solid. This material 

was used directly without further purification. 

(E)-4-(5-Phenylpentyl)picolinaldehyde oxime: m.p. = 97–99 °C; Rf = 0.31 (60% EtOAc in 

hexanes); IR (neat): vmax = 2996, 2926, 2855, 2772, 1602, 1555, 1489, 1451, 1419, 1319, 988 cm-

1; 1H NMR (400 MHz, 293 K, CD3OD): 𝛿 8.37 (d, J = 5.2 Hz, 1H, 6-H), 8.07 (s, 1H, -CH=NOH), 

7.69 (br s, 1H, 3-H), 7.25–7.21 (m, 3H, -Ar), 7.15–7.11 (m, 3H, -Ar), 2.67 (t, J = 7.6 Hz, 2H, -

CH2CH2CH2CH2CH2Ph), 2.61 (t, J = 7.2 Hz, 2H, -CH2CH2CH2CH2CH2Ph), 1.73–1.64 (m, 4H, -

CH2CH2CH2CH2CH2Ph), 1.37 (app quint, J = 8.0 Hz, 2H, -CH2CH2CH2CH2CH2Ph); 13C NMR 

(100 MHz, 293 K, CD3OD): 𝛿 154.7, 153.2, 149.7, 149.4, 143.6, 129.3, 129.2, 126.6, 125.5, 121.8, 

36.6, 35.9, 32.3, 31.1, 29.6; HRMS (ESI+) calcd for C17H21N2O [M + H] = 269.1648, found 

269.1644. 

 

 

Preparation of (E)-2-((hydroxyimino)methyl)-1-methyl-4-(5-phenylpentyl)pyridin-1-ium 

iodide (ADG4282): A 35-mL sealed tube with (E)-4-(5-phenylpentyl)picolinaldehyde oxime (100 

mg, 0.370 mmol) was charged with acetone (1 mL) and MeI (230 L, 3.70 mmol). The vessel was 
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sealed and heated to 45 °C (external temperature). After 15 h at the same temperature, the reaction 

mixture was cooled to 23 °C, transferred to a 25-mL round-bottomed flask and concentrated in 

vacuo. The crude residue was dry-loaded and purified by flash chromatography (5 to 40% MeOH 

in CH2Cl2) on silica gel (10 mL) to yield (E)-2-((hydroxyimino)methyl)-1-methyl-4-(5-

phenylpentyl)pyridin-1-ium iodide as a brown solid (121 mg, 80% yield). 

(E)-2-((Hydroxyimino)methyl)-1-methyl-4-(5-phenylpentyl)pyridin-1-ium iodide: m.p. = 

110–112 °C; Rf = 0.76 (50% MeOH in CH2Cl2); IR (neat): vmax = 3075, 2966, 2931, 2855, 1637, 

1591, 1569, 1514, 1491, 1450, 1422, 1299, 1263, 1184, 1006 cm-1; 1H NMR (300 MHz, 293 K, 

CD3OD): 𝛿 8.67 (d, J = 6.6 Hz, 1H, 6-H), 8.61 (s, 1H, -CH=NOH), 8.23 (d, J = 1.5 Hz, 1H, 3-H), 

7.82 (dd, J = 6.6, 1.5 Hz, 1H, 5-H), 7.27–7.12 (m, 5H, -Ar), 4.34 (s, 3H, -N+CH3), 2.92 (t, J = 7.6 

Hz, 2H, -CH2CH2CH2CH2CH2Ph), 2.63 (t, J = 7.5 Hz, 2H, -CH2CH2CH2CH2CH2Ph), 1.83–1.64 

(m, 4H, -CH2CH2CH2CH2CH2Ph), 1.37 (app quint, J = 8.1 Hz, 2H, -CH2CH2CH2CH2CH2Ph); 13C 

NMR (125 MHz, 293 K, CD3OD): 𝛿 164.1, 148.5, 147.0, 143.5, 142.1, 129.4, 129.2, 128.2, 126.6, 

126.4, 46.8, 36.5, 36.4, 32.1, 30.4, 29.5; HRMS (ESI+) calcd for C18H23N2O [M]+ = 283.1805, 

found 283.1791. 

 

 

Preparation of 4-(benzyloxy)-2-(diethoxymethyl)pyridine: A 50-mL pear-shaped flask with 

a reflux condenser was charged with NaH (60% w/w, 480 mg, 12.0 mmol), then evacuated and 

refilled with nitrogen gas three times. Benzyl alcohol (930 L, 9.00 mmol) and dimethyl sulfoxide 

(15 mL) were added, and the mixture was stirred at 23 °C. After 30 min, 2-(diethoxymethyl)-4-

nitropyridine (677 mg, 3.00 mmol) was added, and the resulting mixture was stirred and heated to 
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72 °C. After 9 h, the reaction mixture was cooled to 23 °C and acidified with saturated aqueous 

NH4Cl (20 mL). The resulting solution was extracted with EtOAc (3  20 mL). The combined 

organic layers were dried over anhydrous Na2SO4, filtered, and concentrated in vacuo. The crude 

material was combined with another batch (1.0 mmol scale, with respect to 2-(diethoxymethyl)-4-

nitropyridine prepared using the same procedure and was purified by flash chromatography (10 to 

60% EtOAc in hexanes) on silica gel (125 mL) to afford  4-(benzyloxy)-2-

(diethoxymethyl)pyridine as a yellow oil (1.15 g, quantitative yield). 

4-(Benzyloxy)-2-(diethoxymethyl)pyridine: Rf = 0.48 (60% EtOAc in hexanes); IR (neat): 

vmax = 2975, 1594, 1568, 1497, 1481, 1454, 1432, 1421, 1369, 1346, 1300, 1266, 1242, 1175, 

1111, 1082, 1056, 1023 cm-1; 1H NMR (400 MHz, 293 K, CDCl3): 𝛿 8.40 (d, J = 5.6 Hz, 1H, 6-

H), 7.43–7.33 (m, 5H, -Ph), 7.21 (d, J = 2.8 Hz, 1H, 3-H), 6.82 (dd, J = 5.6, 2.8 Hz, 1H, 5-H), 5.42 

(s, 1H, -CH(OCH2CH3)2), 5.12 (s, 2H, -OCH2Ph), 3.74–3.55 (m, 4H, -CH(OCH2CH3)2), 1.23 (t, J 

= 7.2 Hz, 6H, -CH(OCH2CH3)2); 
13C NMR (100 MHz, 293 K, CDCl3): 𝛿 165.5, 160.1, 150.2, 

135.6, 128.7, 128.3, 127.6, 110.6, 107.2, 102.6, 69.8, 62.3, 15.2; HRMS (ESI+) calcd for 

C17H22NO3 [M + H]+ = 288.1594, found 288.1596. 

 

 

Preparation of (E)-4-(benzyloxy)picolinaldehyde oxime: A 50-mL pear-shaped flask open 

to air with 4-(benzyloxy)-2-(diethoxymethyl)pyridine (782 mg, 2.72 mmol) was charged with H2O 

(12 mL) and 5 M H2SO4 in H2O (560 L, 2.99 mmol). The solution was heated to 90 °C (external 

temperature). After stirring at the same temperature for 3.7 h, the reaction mixture was cooled to 

23 °C and treated with K2CO3 (1.50 g, 10.9 mmol) followed by MeOH (10 mL) and NH2OH•HCl 
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(189 mg, 2.72 mmol) at the same temperature. A reflux condenser was attached, and the reaction 

was heated to reflux while open to air. After 2.7 h, the reaction mixture was cooled to 23 °C and 

concentrated in vacuo. EtOAc (20 mL) was added to the crude residue, followed by saturated 

aqueous NH4Cl (20 mL). The layers were separated using a separatory funnel and the aqueous 

layer was extracted with EtOAc (2  25 mL). The combined organic layers were dried over 

anhydrous Na2SO4, filtered, and concentrated in vacuo to afford (E)-4-(benzyloxy)picolinaldehyde 

oxime (349 mg, 56% yield) as a light pink solid. This material was used directly without further 

purification.  

(E)-4-(Benzyloxy)picolinaldehyde oxime: m.p. = 198–201 °C; Rf = 0.19 (60% EtOAc in 

hexanes); IR (neat): vmax = 2979, 2877, 2699, 1591, 1563, 1519, 1497, 1465, 1455, 1425, 1379, 

1327, 1300, 1263, 1246, 1181, 1090, 1012 cm-1; 1H NMR (300 MHz, 293 K, DMSO-d6): 𝛿 11.65 

(s, 1H, -CH=NOH), 8.39 (d, J = 5.7 Hz, 1H, 6-H), 8.02 (s, 1H, -CH=NOH), 7.48–7.34 (m, 6H, 3-

H and -Ph), 7.05 (dd, J = 5.7, 2.7 Hz, 1H, 5-H), 5.24 (s, 2H, -OCH2Ph); 13C NMR (100 MHz, 293 

K, DMSO-d6): 𝛿 165.0, 154.2, 151.2, 149.3, 136.5, 129.0, 128.6, 128.3, 111.8, 106.1, 69.7; HRMS 

(ESI+) calcd for C13H13N2O2 [M + H] = 229.0972, found 229.0968. 

 

 

Preparation of (E)-4-(benzyloxy)-2-((hydroxyimino)methyl)-1-methylpyridin-1-ium iodide 

(ADG3254): A 35-mL sealed tube with (E)-4-(benzyloxy)picolinaldehyde oxime (166 mg, 0.720 

mmol) was charged with acetone (2.5 mL) and MeI (450 L, 7.20 mmol). The vessel was sealed 

and heated to 55 °C (external temperature). After 17 h at the same temperature, the reaction mixture 

was cooled to 23 °C, transferred to a 25-mL round-bottomed flask and concentrated in vacuo to 
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yield (E)-4-(benzyloxy)-2-((hydroxyimino)methyl)-1-methylpyridin-1-ium iodide as an orange 

solid (266 mg, quantitative yield). 

(E)-4-(Benzyloxy)-2-((hydroxyimino)methyl)-1-methylpyridin-1-ium iodide: m.p. = 143–

146 °C; Rf = 0.10 (5% MeOH in CH2Cl2); IR (neat): vmax = 3086, 3055, 2981, 1643, 1596, 1567, 

1518, 1497, 1444, 1434, 1392, 1323, 1300, 1260, 1218, 1185, 1145, 1112, 1074, 1020 cm-1; 1H 

NMR (400 MHz, 293 K, DMSO-d6): 𝛿 12.99 (s, 1H, -CH=NOH), 8.79 (d, J = 7.2 Hz, 1H, 6-H), 

8.57 (s, 1H, -CH=NOH), 7.78 (d, J = 3.2 Hz, 1H, 3-H), 7.68 (dd, J = 7.2, 3.2 Hz, 1H, 5-H), 7.52–

7.49 (m, 2H, -Ph), 7.46–7.38 (m, 3H, -Ph), 5.51 (s, 2H, -OCH2Ph), 4.19 (s, 3H, -N+CH3); 
13C 

NMR (125 MHz, 293 K, DMSO-d6): 𝛿 169.3, 149.1, 148.7, 142.2, 134.9, 129.3, 129.2, 128.8, 

113.9, 110.8, 72.3, 45.1; HRMS (ESI+) calcd for C14H15N2O2 [M]+ = 243.1128 found 243.1135. 

 

 

Preparation of 2-(diethoxymethyl)-4-phenethoxypyridine: A 50-mL pear-shaped flask with 

a reflux condenser was charged with NaH (60% w/w, 360 mg, 9.00 mmol), then evacuated and 

refilled with nitrogen gas three times. Phenethyl alcohol (1.08 mL, 9.00 mmol) and THF (15 mL) 

were added, and the mixture was stirred at 23 °C. After 5 min, 2-(diethoxymethyl)-4-nitropyridine 

(678 mg, 3.00 mmol) was added, and the resulting mixture was stirred and heated to 65 °C (external 

temperature). After 18 h, the reaction mixture was cooled to 23 °C and acidified with saturated 

aqueous NH4Cl (20 mL). The resulting solution was extracted with EtOAc (3  10 mL). The 

combined organic layers were dried over anhydrous Na2SO4, filtered, and concentrated in vacuo. 

The crude material was combined with another batch (1.0 mmol scale, with respect to 2-
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(diethoxymethyl)-4-nitropyridine) prepared using the same procedure and was purified by flash 

chromatography (10 to 60% EtOAc in hexanes) on silica gel (75 mL) to afford 2-(diethoxymethyl)-

4-phenethoxypyridine as a pale yellow oil (1.00 g, 83% yield). 

2-(Diethoxymethyl)-4-phenethoxypyridine: Rf = 0.50 (60% EtOAc in hexanes); IR (neat): 

vmax = 2974, 1594, 1567, 1470, 1454, 1433, 1369, 1346, 1303, 1265, 1243, 1176, 1110, 1086, 

1056, 1026 cm-1; 1H NMR (300 MHz, 293 K, DMSO-d6): 𝛿 8.32 (d, J = 5.1 Hz, 1H, 6-H), 7.33–

7.28 (m, 4H, -Ar), 7.27–7.20 (m, 1H, -Ph), 6.95–6.92 (m, 2H, -Ar), 5.32 (s, 1H, -CH(OCH2CH3)2), 

4.28 (t, J = 6.6 Hz, 2H, -OCH2CH2Ph), 3.64–3.46 (m, 4H, -CH(OCH2CH3)2), 3.04 (t, J = 6.6 Hz, 

2H, -OCH2CH2Ph), 1.12 (t, J = 7.2 Hz, 6H, -CH(OCH2CH3)2); 
13C NMR (100 MHz, 293 K, 

DMSO-d6): 𝛿 165.6, 160.4, 150.8, 138.7, 129.6, 129.1, 127.1, 110.7, 107.7, 102.6, 69.0, 62.4, 35.3, 

15.8; HRMS (ESI+) calcd for C18H24NO3 [M + H]+ = 302.1751, found 302.1762. 

 

 

Preparation of (E)-4-phenethoxypicolinaldehyde oxime: A 50-mL pear-shaped flask open 

to air with 2-(diethoxymethyl)-4-phenethoxypyridine (474 mg, 1.57 mmol) was charged with H2O 

(6 mL) and 5 M H2SO4 in H2O (340 L, 1.73 mmol). The solution was heated to 95 °C (external 

temperature). After stirring at the same temperature for 2.5 h, the reaction mixture was cooled to 

23 °C and treated with K2CO3 (868 mg, 6.28 mmol) followed by MeOH (20 mL) and NH2OH•HCl 

(109 mg, 1.57 mmol) at the same temperature. A reflux condenser was attached, and the reaction 

was heated to reflux while open to air. After 3 h, the reaction mixture was cooled to 23 °C and 

concentrated in vacuo. EtOAc (10 mL) was added to the crude residue, followed by saturated 
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aqueous NH4Cl (15 mL). The layers were separated using a separatory funnel and the aqueous 

layer was extracted with EtOAc (2  10 mL). The combined organic layers were dried over 

anhydrous Na2SO4, filtered, and concentrated in vacuo to afford (E)-4-phenethoxypicolinaldehyde 

oxime (365 mg, 96% yield) as a light tan solid. This material was used directly without further 

purification.  

(E)-4-Phenethoxypicolinaldehyde oxime: m.p. = 127–130 °C; Rf = 0.18 (60% EtOAc in 

hexanes); IR (neat): vmax = 2981, 2872, 2729, 1732, 1591, 1561, 1517, 1494, 1454, 1430, 1388, 

1329, 1249, 1185, 1089, 1053, 1018 cm-1; 1H NMR (300 MHz, 293 K, DMSO-d6): 𝛿 11.63 (s, 1H, 

-CH=NOH), 8.37 (d, J = 5.7 Hz, 1H, 6-H), 8.02 (s, 1H, -CH=NOH), 7.34–7.23 (m, 6H, -Ar), 6.98 

(dd, J = 5.7, 2.4 Hz, 1H, 5-H), 4.33 (t, J = 6.6 Hz, 2H, -OCH2CH2Ph), 3.06 (t, J = 6.6 Hz, 2H, -

OCH2CH2Ph); 13C NMR (100 MHz, 293 K, DMSO-d6): 𝛿 165.0, 154.1, 151.2, 149.3, 138.4, 129.4, 

128.8, 126.8, 111.4, 106.0, 68.7, 34.9; HRMS (ESI+) calcd for C14H15N2O2 [M + H] = 243.1128, 

found 243.1129. 

 

 

Preparation of (E)-2-((hydroxyimino)methyl)-1-methyl-4-phenethoxypyridin-1-ium iodide 

(ADG4250): A 35-mL sealed tube with (E)-4-phenethoxypicolinaldehyde oxime (172 mg, 0.770 

mmol) was charged with acetone (2 mL) and MeI (670 L, 7.70 mmol). The vessel was sealed and 

heated to 45 °C (external temperature). After 14 h at the same temperature, the reaction mixture 

was cooled to 23 °C, transferred to a 25-mL round-bottomed flask and concentrated in vacuo to 
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yield (E)-2-((hydroxyimino)methyl)-1-methyl-4-phenethoxypyridin-1-ium iodide as a light 

yellow solid (265 mg, 97% yield). 

(E)-2-((Hydroxyimino)methyl)-1-methyl-4-phenethoxypyridin-1-ium iodide: m.p. = 186–

188 °C; Rf = 0.10 (5% MeOH in CH2Cl2); IR (neat): vmax = 3092, 3017, 2969, 1642, 1591, 1566, 

1523, 1499, 1468, 1453, 1430, 1404, 1334, 1325, 1302, 1267, 1146, 1025, 1012 cm-1; 1H NMR 

(400 MHz, 293 K, DMSO-d6): 𝛿 12.98 (s, 1H, -CH=NOH), 8.78 (d, J = 7.2 Hz, 1H, 6-H), 8.56 (s, 

1H, -CH=NOH), 7.69 (d, J = 2.8 Hz, 1H, 3-H), 7.54 (dd, J = 7.2, 2.8 Hz, 1H, 5-H), 7.36–7.23 (m, 

5H, -Ph), 4.61 (t, J = 6.8 Hz, 2H, -OCH2CH2Ph), 4.18 (s, 3H, -N+CH3), 3.13 (t, J = 6.8 Hz, 2H, -

OCH2CH2Ph); 13C NMR (125 MHz, 293 K, DMSO-d6): 𝛿 169.4, 148.9, 148.7, 142.2, 137.6, 129.4, 

128.8, 127.0, 113.5, 110.8, 71.3, 45.0, 34.5; HRMS (ESI+) calcd for C15H17N2O2 [M]+ = 257.1285, 

found 257.1293. 

 

 

Preparation of 2-(diethoxymethyl)-4-(3-phenylpropoxy)pyridine: A 50-mL pear-shaped 

flask with a reflux condenser was charged with NaH (60% w/w, 360 mg, 9.00 mmol), then 

evacuated and refilled with nitrogen gas three times. 3-Phenyl-1-propanol (1.23 mL, 9.00 mmol) 

and THF (15 mL) were added, and the mixture was stirred at 23 °C. After 5 min, 2-

(diethoxymethyl)-4-nitropyridine (678 mg, 3.00 mmol) was added, and the resulting mixture was 

stirred and heated to 65 °C (external temperature). After 18 h, the reaction mixture was cooled to 

23 °C and acidified with saturated aqueous NH4Cl (20 mL). The resulting solution was extracted 

with EtOAc (3  10 mL). The combined organic layers were dried over anhydrous Na2SO4, 

filtered, and concentrated in vacuo. The crude material was purified by flash chromatography (20 
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to 60% EtOAc in hexanes) on silica gel (75 mL) to afford 2-(diethoxymethyl)-4-(3-

phenylpropoxy)pyridine as a pale yellow oil (450 mg, 70% yield). 

2-(Diethoxymethyl)-4-(3-phenylpropoxy)pyridine: Rf = 0.46 (60% EtOAc in hexanes); IR 

(neat): vmax = 2974, 1594, 1567, 1468, 1454, 1433, 1369, 1345, 1302, 1265, 1242, 1176, 1111, 

1089, 1056, 1029 cm-1; 1H NMR (300 MHz, 293 K, DMSO-d6): 𝛿 8.32 (d, J = 5.7 Hz, 1H, 6-H), 

7.32–7.16 (m, 5H, -Ph), 6.96 (d, J = 2.4 Hz, 1H, 3-H), 6.91 (dd, J = 5.7, 2.4 Hz, 1H, 5-H), 5.32 (s, 

1H, -CH(OCH2CH3)2), 4.05 (t, J = 6.3 Hz, 2H, -OCH2CH2CH2Ph), 3.65–3.46 (m, 4H, -

CH(OCH2CH3)2), 2.74 (t, J = 7.3 Hz, 2H, -OCH2CH2CH2Ph), 2.02 (app quint, J = 6.3 Hz, 2H, -

OCH2CH2CH2Ph), 1.13 (t, J = 7.2 Hz, 6H, -CH(OCH2CH3)2); 
13C NMR (100 MHz, 293 K, 

DMSO-d6): 𝛿 165.5, 160.2, 150.6, 141.7, 128.8, 128.8, 126.4, 110.5, 107.3, 102.5, 67.4, 62.1, 31.8, 

30.5, 15.6; HRMS (ESI+) calcd for C19H26NO3 [M + H]+ = 316.1907, found 316.1910. 

 

 

Preparation of (E)-4-(3-phenylpropoxy)picolinaldehyde oxime: A 50-mL pear-shaped 

flask open to air with 2-(diethoxymethyl)-4-(3-phenylpropoxy)pyridine (295 mg, 0.930 mmol) 

was charged with H2O (4 mL) and 5 M H2SO4 in H2O (210 L, 1.03 mmol). The solution was 

heated to 95 °C (external temperature). After stirring at the same temperature for 3 h, the reaction 

mixture was cooled to 23 °C and treated with K2CO3 (514 mg, 3.72 mmol) followed by MeOH (10 

mL) and NH2OH•HCl (65 mg, 0.93 mmol) at the same temperature. A reflux condenser was 

attached, and the reaction was heated to reflux while open to air. After 3 h, the reaction mixture 

was cooled to 23 °C and concentrated in vacuo. EtOAc (10 mL) was added to the crude residue, 

followed by saturated aqueous NH4Cl (20 mL). The layers were separated using a separatory 
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funnel and the aqueous layer was extracted with EtOAc (2  10 mL). The combined organic layers 

were dried over anhydrous Na2SO4, filtered, and concentrated in vacuo to afford (E)-4-(3-

phenylpropoxy)picolinaldehyde oxime (215 mg, 86% yield) as a white solid. This material was 

used directly without further purification. 

(E)-4-(3-Phenylpropoxy)picolinaldehyde oxime: m.p. = 145–147 °C; Rf = 0.23 (60% 

EtOAc in hexanes); IR (neat): vmax = 2985, 2884, 1592, 1556, 1330, 1310, 1039,1031 cm-1; 1H 

NMR (300 MHz, 293 K, DMSO-d6): 𝛿 11.62 (s, 1H, -CH=NOH), 8.36 (d, J = 5.7 Hz, 1H, 6-H), 

8.02 (s, 1H, -CH=NOH), 7.32–7.16 (m, 6H, 3-H and-Ph), 6.96 (dd, J = 5.7, 2.4 Hz, 1H, 5-H), 4.08 

(t, J = 6.3 Hz, 2H, -OCH2CH2CH2Ph), 2.74 (t, J = 7.5 Hz, 2H, -OCH2CH2CH2Ph), 2.02 (app quint, 

J = 6.3 Hz, 2H, -OCH2CH2CH2Ph); 13C NMR (100 MHz, 293 K, DMSO-d6): 𝛿 165.3, 154.2, 

151.2, 149.3, 141.7, 128.9, 128.8, 126.4, 111.5, 105.9, 67.5, 31.8, 30.5; HRMS (ESI+) calcd for 

C15H17N2O2 [M + H] = 257.1284, found 257.1283. 

 

 

Preparation of (E)-2-((hydroxyimino)methyl)-1-methyl-4-(3-phenylpropoxy)pyridin-1-ium 

iodide (ADG4253): A 35-mL sealed tube with (E)-4-(3-phenylpropoxy)picolinaldehyde oxime 

(122 mg, 0.450 mmol) was charged with acetone (1 mL) and MeI (280 L, 4.50 mmol). The vessel 

was sealed and heated to 40 °C (external temperature). After 14 h at the same temperature, the 

reaction mixture was cooled to 23 °C, transferred to a 25-mL round-bottomed flask and was 

concentrated in vacuo to yield (E)-2-((hydroxyimino)methyl)-1-methyl-4-(3-

phenylpropoxy)pyridin-1-ium iodide as a peach solid (189 mg, quantitative yield). 
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(E)-2-((Hydroxyimino)methyl)-1-methyl-4-(3-phenylpropoxy)pyridin-1-ium iodide: m.p. = 

155–158 °C; Rf = 0.10 (5% MeOH in CH2Cl2); IR (neat): vmax = 3039, 2988, 1646, 1595, 1568, 

1521, 1497, 1460, 1451, 1401, 1334, 1322, 1305, 1263, 1146, 1021 cm-1; 1H NMR (400 MHz, 293 

K, DMSO-d6): 𝛿 12.97 (s, 1H, -CH=NOH), 8.77 (d, J = 7.2 Hz, 1H, 6-H), 8.57 (s, 1H, -CH=NOH), 

7.67 (d, J = 3.2 Hz, 1H, 3-H), 7.60 (dd, J = 7.2, 3.2 Hz, 1H, 5-H), 7.31–7.27 (m, 2H, -Ph), 7.24–

7.17 (m, 3H, -Ph), 4.35 (t, J = 6.4 Hz, 2H, -OCH2CH2CH2Ph), 4.18 (s, 3H, -N+CH3), 2.75 (t, J = 

7.2 Hz, 2H, -OCH2CH2CH2Ph), 2.13–2.06 (m, 2H, -OCH2CH2CH2Ph); 13C NMR (100 MHz, 293 

K, DMSO-d6): 𝛿 169.2, 148.5, 148.3, 141.8, 140.9, 128.5, 128.4, 126.0, 113.1, 110.3, 69.9, 44.6, 

31.1, 29.6; HRMS (ESI+) calcd for C16H19N2O2 [M]+ = 271.1441, found 271.1449. 

 

 

Preparation of 2-(diethoxymethyl)-4-(4-phenylbutoxy)pyridine: A 50-mL pear-shaped 

flask with a reflux condenser was charged with NaH (60% w/w, 480 mg, 12.0 mmol), then 

evacuated and refilled with nitrogen gas three times. 4-Phenyl-1-butanol (1.84 mL, 12.0 mmol) 

and THF (15 mL) were added, and the mixture was stirred at 23 °C. After 10 min, 2-

(diethoxymethyl)-4-nitropyridine (905 mg, 4.00 mmol) was added, and the resulting mixture was 

stirred and heated to 75 °C (external temperature). After 6.5 h, the reaction mixture was cooled to 

23 °C and acidified with saturated aqueous NH4Cl (15 mL). The resulting solution was extracted 

with EtOAc (3  10 mL). The combined organic layers were dried over anhydrous Na2SO4, 

filtered, and concentrated in vacuo. The crude material was purified by flash chromatography (10 
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to 50% EtOAc in hexanes) on silica gel (75 mL) 2-(diethoxymethyl)-4-(4-phenylbutoxy)pyridine 

as an orange oil (920 mg, 70% yield). 

2-(Diethoxymethyl)-4-(4-phenylbutoxy)pyridine: Rf = 0.28 (60% EtOAc in hexanes); IR 

(neat): vmax = 2979, 2882, 1593, 1566, 1454, 1432, 1390, 1369, 1332, 1303, 1265, 1246, 1178, 

1056, 1021 cm-1; 1H NMR (400 MHz, 293 K, DMSO-d6): 𝛿 8.31 (d, J = 5.6 Hz, 1H, 6-H), 7.29–

7.26 (m, 2H, -Ph), 7.22–7.15 (m, 3H, -Ph), 6.95 (d, J = 2.4 Hz, 1H, 3-H), 6.90 (dd, J = 5.6, 2.4 

Hz, 1H, 5-H), 5.31 (s, 1H, -CH(OCH2CH3)2), 4.07 (t, J = 5.6 Hz, 2H, -OCH2CH2CH2CH2Ph), 

3.63–3.48 (m, 4H, -CH(OCH2CH3)2), 2.63 (t, J = 6.8 Hz, 2H, -OCH2CH2CH2CH2Ph), 1.73–1.71 

(m, 4H, -OCH2CH2CH2CH2Ph), 1.12 (t, J = 7.2 Hz, 6H, -CH(OCH2CH3)2); 
13C NMR (100 MHz, 

293 K, DMSO-d6): 𝛿 165.5, 160.2, 150.5, 142.3, 128.7, 128.7, 126.1, 110.4, 107.3, 102.5, 67.9, 

62.0, 35.2, 28.4, 27.7, 15.6; HRMS (ESI+) calcd for C20H27NO3Na [M + Na]+ = 352.1883, found 

352.1900. 

 

 

Preparation of (E)-4-(4-phenylbutoxy)picolinaldehyde oxime: A 50-mL pear-shaped flask 

open to air with 2-(diethoxymethyl)-4-(4-phenylbutoxy)pyridine (459 mg, 1.39 mmol) was 

charged with H2O (6 mL) and 5 M H2SO4 in H2O (310 L, 1.53 mmol). The solution was heated 

to 95 °C (external temperature). After stirring at the same temperature for 3.5 h, the reaction 

mixture was cooled to 23 °C and treated with K2CO3 (768 mg, 5.56 mmol) followed by MeOH (10 

mL) and NH2OH•HCl (97 mg, 1.4 mmol) at the same temperature. A reflux condenser was 

attached, and the reaction was heated to reflux while open to air. After 2.5 h, the reaction mixture 
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was cooled to 23 °C and concentrated in vacuo. EtOAc (10 mL) was added to the crude residue, 

followed by saturated aqueous NH4Cl (15 mL). The layers were separated using a separatory 

funnel and the aqueous layer was extracted with EtOAc (2  10 mL). The combined organic layers 

were dried over anhydrous Na2SO4, filtered, and concentrated in vacuo to afford (E)-4-(4-

phenylbutoxy)picolinaldehyde oxime (367 mg, 98% yield) as a pale peach solid. This material was 

used directly without further purification.  

(E)-4-(4-Phenylbutoxy)picolinaldehyde oxime: m.p. = 123–125 °C; Rf = 0.33 (60% EtOAc 

in hexanes); IR (neat): vmax = 2980, 2730, 1592, 1562, 1519, 1493, 1462, 1429, 1395, 1328, 1304, 

1249, 1189, 1089, 1074, 1062, 1042 cm-1; 1H NMR (400 MHz, 293 K, DMSO-d6): 𝛿 11.62 (s, 1H, 

-CH=NOH), 8.35 (d, J = 6.0 Hz, 1H, 6-H), 8.01 (s, 1H, -CH=NOH), 7.29–7.15 (m, 6H, 3-H and -

Ph), 6.94 (dd, J = 6.0, 2.8 Hz, 1H, 5-H), 4.10 (t, J = 5.6 Hz, 2H, -OCH2CH2CH2CH2Ph), 2.64 (t, J 

= 7.2 Hz, 2H, -OCH2CH2CH2CH2Ph), 1.73–1.70 (m, 4H, -OCH2CH2CH2CH2Ph); 13C NMR (100 

MHz, 293 K, DMSO-d6): 𝛿 165.3, 154.2, 151.1, 149.3, 142.4, 128.8, 128.7, 126.2, 111.5, 105.8, 

68.0, 35.2, 28.3, 27.7; HRMS (ESI+) calcd for C16H19N2O2 [M + H] = 271.144, found 271.1437. 

 

 

Preparation of (E)-2-((hydroxyimino)methyl)-1-methyl-4-(4-phenylbutoxy)pyridin-1-ium 

iodide (ADG4286): A 35-mL sealed tube with (E)-4-(4-phenylbutoxy)picolinaldehyde oxime (150 

mg, 0.550 mmol) was charged with acetone (2 mL) and MeI (340 L, 5.50 mmol). The vessel was 

sealed and heated to 45 °C (external temperature). After 17 h at the same temperature, the reaction 

mixture was cooled to 23 °C, transferred to a 25-mL round-bottomed flask and concentrated in 
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vacuo to yield (E)-2-((hydroxyimino)methyl)-1-methyl-4-(4-phenylbutoxy)pyridin-1-ium iodide 

as an orange yellow solid (231 mg, quantitative yield). 

(E)-2-((Hydroxyimino)methyl)-1-methyl-4-(4-phenylbutoxy)pyridin-1-ium iodide: m.p. = 

154–155 °C; Rf = 0.10 (5% MeOH in CH2Cl2); IR (neat): vmax = 2971, 1644, 1592, 1567, 1524, 

1495, 1468, 1453, 1434, 1330, 1304, 1266, 1146, 1019 cm-1; 1H NMR (400 MHz, 293 K, DMSO-

d6): 𝛿 12.97 (s, 1H, -CH=NOH), 8.77 (d, J = 7.2 Hz, 1H, 6-H), 8.56 (s, 1H, -CH=NOH), 7.66 (d, 

J = 2.8 Hz, 1H, 3-H), 7.59 (dd, J = 7.2, 2.8 Hz, 1H, 5-H), 7.30–7.27 (m, 2H, -Ar), 7.22–7.16 (m, 

3H, -Ar), 4.38 (t, J = 6.0, 2H, -OCH2CH2CH2CH2Ph), 4.18 (s, 3H, -N+CH3), 2.65 (t, J = 7.6, 2H, -

OCH2CH2CH2CH2Ph), 1.81–1.70 (m, 4H, -OCH2CH2CH2CH2Ph); 13C NMR (100 MHz, 293 K, 

DMSO-d6): 𝛿 169.1, 148.4, 148.1, 141.7, 128.3, 125.8, 113.1, 110.1, 70.4, 44.5, 34.5, 27.4, 26.9; 

HRMS (ESI+) calcd for C17H21N2O2 [M]+ = 285.1598, found 285.1602. 

 

 

Preparation of 4-(2-bromophenoxy)-2-(diethoxymethyl)pyridine: A 25-mL round bottom 

flask was charged with dimethyl sulfoxide (4 mL), K2CO3 (1.65 g, 12.0 mmol) and 2-bromophenol 

(1.39 mL, 12.0 mmol). The mixture was stirred at room temperature for 5 min. 2-

(Diethoxymethyl)-4-nitropyridine (905 mg, 4.00 mmol) was added. A reflux condenser was 

attached, and the vessel was heated to 100 °C (external temperature) for 13.5 h. The reaction 

mixture was cooled to 23 °C and acidified with saturated aqueous NH4Cl (25 mL). The resulting 

solution was extracted with EtOAc (3  15 mL). The combined organic layers were dried over 

anhydrous Na2SO4, filtered, and concentrated in vacuo. The crude material was purified by flash 
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chromatography (0 to 40% EtOAc in hexanes) on silica gel (100 mL) to afford 4-(2-

bromophenoxy)-2-(diethoxymethyl)pyridine as a dark brown oil (1.11 mg, 79% yield). 

4-(2-Bromophenoxy)-2-(diethoxymethyl)pyridine: Rf = 0.45 (60% EtOAc in hexanes); IR 

(neat): vmax = 2974, 2880, 1595, 1569, 1468, 1442, 1422, 1369, 1346, 1287, 1261, 1221, 1157, 

1109, 1057, 1047, 1029 cm-1; 1H NMR (400 MHz, 293 K, DMSO-d6): 𝛿 8.43 (d, J = 7.6 Hz, 1H, 

6-H), 7.82 (dd, J = 8.0, 1.2 Hz, 1H, -Ph), 7.52 (td, J = 8.0, 1.6 Hz, 1H, -Ph), 7.82 (dd, J = 8.0, 1.6 

Hz, 1H, -Ph), 7.31 (td, J = 8.0, 1.6 Hz, 1H, -Ph), 6.87–6.84 (m, 2H, -Ar), 5.35 (s, 1H, -

CH(OCH2CH3)2), 3.63–3.46 (m, 4H, -CH(OCH2CH3)2), 1.10 (t, J = 6.8 Hz, 6H, -CH(OCH2CH3)2); 

13C NMR (100 MHz, 293 K, DMSO-d6): 𝛿164.4, 160.9, 151.1, 150.4, 134.5, 130.3, 128.2, 123.8, 

115.9, 111.4, 108.0, 102.2, 62.2, 15.5; HRMS (ESI+) calcd for C16H19BrNO3 [M + H]+ = 352.0543, 

found 352.0544. 

 

 

Preparation of 2-(diethoxymethyl)-4-(2-(phenylethynyl)phenoxy)pyridine: A 25-mL sealed 

tube with 4-(2-bromophenoxy)-2-(diethoxymethyl)pyridine (456 mg, 1.30 mmol) was treated with 

Pd(OAc)2 (14 mg, 0.060 mmol), XPhos (57 mg, 0.12 mmol), and CuI (11 mg, 0.060 mmol) and 

flushed with argon gas. The mixture was dissolved in anhydrous 1,4-dioxane (1.0 mL), Et3N (540 

L, 3.90 mmol), and phenylacetylene (220 L, 1.90 mmol) at 23 °C. The resulting solution was 

heated to 70 °C (external temperature) and stirred. After 15 h, the reaction mixture was cooled to 

23 °C. The crude residue was dry-loaded and purified by flash chromatography (10 to 40% EtOAc 
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in hexanes) on silica gel (75 mL). The semi-pure material was stirred with CH2Cl2 and Amberlite™ 

IRC-748 resin to remove residual copper. After 1 h, the mixture was filtered by gravity through a 

cotton plug and concentrated in vacuo to afford 2-(diethoxymethyl)-4-(2-

(phenylethynyl)phenoxy)pyridine (475 mg, 98% yield) as a dark brown oil. 

2-(Diethoxymethyl)-4-(2-(phenylethynyl)phenoxy)pyridine: Rf = 0.40 (60% EtOAc in 

hexanes); IR (neat): vmax = 2974, 2882, 1590, 1566, 1495, 1475, 1445, 1422, 1369, 1345, 1288, 

1263, 1211, 1157, 1109, 1097, 1059 cm-1; 1H NMR (300 MHz, 293 K, DMSO-d6): 𝛿 8.43 (d, J = 

5.7 Hz, 1H, 6-H), 7.71 (dd, J = 7.5, 1.2 Hz, 1H, -Ph), 7.58 (td, J = 7.5, 1.2 Hz, 1H, -Ph), 7.43–7.29 

(m, 5H, -Ar), 7.15 (dd, J = 7.8, 1.5 Hz, 2H, -Ph), 6.93–6.91 (m, 2H, -Ph), 5.33 (s, 1H, -

CH(OCH2CH3)2), 3.58–3.39 (m, 4H, -CH(OCH2CH3)2), 1.04 (t, J = 6.9 Hz, 6H, -CH(OCH2CH3)2); 

13C NMR (100 MHz, 293 K, DMSO-d6): 𝛿 164.9, 160.8, 153.9, 151.1, 133.9, 131.5, 131.4, 129.5, 

129.1, 128.4, 126.9, 122.8, 122.1, 116.7, 111.7, 108.1, 102.2, 95.5, 84.7, 62.0, 15.48; HRMS 

(ESI+) calcd for C24H24NO3 [M + H]+ = 374.1751, found 374.1744. 

 

 

Preparation of 2-(diethoxymethyl)-4-(2-phenethylphenoxy)pyridine: A 50-mL round-

bottom flask was charged with 2-(diethoxymethyl)-4-(2-(phenylethynyl)phenoxy)pyridine (332 

mg, 0.890 mmol), EtOH (15 mL), PtO2 (9 mg, 0.04 mmol) at 23 °C. The resulting suspension was 

purged with hydrogen gas three times and stirred vigorously at the same temperature for 19 h. The 

suspension was filtered by gravity through filter paper, and the resulting filtrate was concentrated 
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in vacuo to yield 2-(diethoxymethyl)-4-(2-phenethylphenoxy)pyridine as a dark brown oil (321 

mg, 96% yield). This material was used directly without further purification. 

2-(Diethoxymethyl)-4-(2-phenethylphenoxy)pyridine: Rf = 0.55 (60% EtOAc in hexanes); 

IR (neat): vmax = 2978, 1594, 1569, 1487, 1474, 1452, 1422, 1369, 1345, 1289, 1258, 1221, 1181, 

1156, 1109, 1099, 1058 cm-1; 1H NMR (400 MHz, 293 K, DMSO-d6): 𝛿 8.40 (d, J = 5.6 Hz, 1H, 

6-H), 7.41–7.30 (m, 2H, -Ph), 7.27–7.09 (m, 5H, -Ar), 7.06–7.04 (m, 2H, -Ph), 6.90 (d, J = 2.8 

Hz, 1H, -Ph), 8.40 (dd, J = 5.6, 2.8 Hz, 1H, 5-H), 5.33 (s, 1H, -CH(OCH2CH3)2), 3.59–3.44 (m, 

4H, -CH(OCH2CH3)2), 2.78–2.69 (m, 4H, -CH2CH2Ph), 1.08 (t, J = 7.2 Hz, 6H, -CH(OCH2CH3)2); 

13C NMR (100 MHz, 293 K, DMSO-d6): 𝛿 165.4, 160.9, 151.6, 151.1, 141.5, 134.1, 131.7, 128.7, 

128.6, 126.5, 126.4, 121.9, 111.6, 108.0, 102.4, 62.2, 36.1, 31.9, 15.5; HRMS (ESI+) calcd for 

C24H28NO3 [M + H]+ = 378.2063, found 378.2060. 

 

 

Preparation of (E)-4-(2-phenethylphenoxy)picolinaldehyde oxime: A 50-mL pear-shaped 

flask open to air with 2-(diethoxymethyl)-4-(2-phenethylphenoxy)pyridine (171 mg, 0.450 mmol) 

was charged with H2O (3 mL) and 5 M H2SO4 in H2O (100 L, 0.490 mmol). The solution was 

heated to 95 °C (external temperature). After stirring at the same temperature for 2.5 h, the reaction 

mixture was cooled to 23 °C and treated with K2CO3 (249 mg, 1.80 mmol) followed by MeOH (10 

mL) and NH2OH•HCl (31 mg, 0.45 mmol) at the same temperature. A reflux condenser was 

attached, and the reaction was heated to reflux while open to air. After 3 h, the reaction mixture 

was cooled to 23 °C and concentrated in vacuo. EtOAc (10 mL) was added to the crude residue, 
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followed by saturated aqueous NH4Cl (15 mL). The layers were separated using a separatory 

funnel and the aqueous layer was extracted with EtOAc (2  10 mL). The combined organic layers 

were dried over anhydrous Na2SO4, filtered, and concentrated in vacuo to afford (E)-4-(2-

phenethylphenoxy)picolinaldehyde oxime (145 mg, quantitative yield) as a brown solid. This 

material was used directly without further purification.  

(E)-4-(2-Phenethylphenoxy)picolinaldehyde oxime: m.p. = 109–111 °C; Rf = 0.32 (60% 

EtOAc in hexanes); IR (neat): vmax = 2871, 2746, 1596, 1575, 1561, 1487, 1451, 1425, 1321, 1291, 

1244, 1225, 1181, 1000 cm-1; 1H NMR (500 MHz, 293 K, DMSO-d6): 𝛿 11.70 (s, 1H, -CH=NOH), 

8.46 (d, J = 6.0 Hz, 1H, 6-H), 8.01 (s, 1H, -CH=NOH), 7.42 (dd, J = 7.5, 1.5 Hz, 1H, -Ph), 7.34 

(td, J = 8.0, 2.0 Hz, 1H, -Ph), 7.26 (td, J = 7.4, 1.0 Hz, 1H, -Ph), 7.23–7.19 (m, 2H, -Ar), 7.16–

7.13 (m, 2H, -Ar), 7.07–7.06 (m, 3H, -Ar), 6.97 (dd, J = 6.0, 2.5 Hz, 1H, 5-H), 2.80–2.73 (m, 4H, 

-CH2CH2Ph); 13C NMR (125 MHz, 293 K, DMSO-d6): 𝛿 165.1, 154.7, 151.8, 151.5, 148.8, 141.5, 

134.1, 131.7, 128.8, 128.7, 128.6, 126.6, 126.4, 122.1, 112.6, 106.0, 36.1, 31.8; HRMS (ESI+) 

calcd for C20H19N2O2 [M + H] =319.1441, found 319.1449. 

 

 

Preparation of (E)-2-((hydroxyimino)methyl)-1-methyl-4-(2-phenethylphenoxy)pyridin-1-

ium iodide (ADG4298): A 35-mL sealed tube with (E)-4-(2-phenethylphenoxy)picolinaldehyde 

oxime (145 mg, 0.460 mmol) was charged with acetone (2 mL) and MeI (280 L, 4.60 mmol). 

The vessel was sealed and heated to 40 °C (external temperature). After 15.5 h at the same 

temperature, the reaction mixture was cooled to 23 °C, transferred to a 25-mL round-bottomed 
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flask and concentrated in vacuo to yield (E)-2-((hydroxyimino)methyl)-1-methyl-4-(2-

phenethylphenoxy)pyridin-1-ium iodide as a light tan solid (105 mg, 50% yield). 

(E)-2-((Hydroxyimino)methyl)-1-methyl-4-(2-phenethylphenoxy)pyridin-1-ium iodide: 

m.p. = 165–167 °C; Rf = 0.76 (10% MeOH in CH2Cl2); IR (neat): vmax = 3174, 3009, 1642, 1568, 

1519, 1488, 1463, 1445, 1330, 1293, 1259, 1217, 1170, 1149, 1140, 993 cm-1; 1H NMR (400 MHz, 

293 K, DMSO-d6): 𝛿 13.06 (s, 1H, -CH=NOH), 8.82 (d, J = 7.2 Hz, 1H, 6-H), 8.59 (s, 1H, -

CH=NOH), 7.59–7.52 (m, 2H, -Ar), 7.45–7.37 (m, 3H, -Ar), 7.27–7.08 (m, 6H, -Ar), 4.22 (s, 3H, 

-N+CH3), 2.81 (app s, 4H, -CH2CH2Ph); 13C NMR (125 MHz, 293 K, DMSO-d6): 𝛿 168.8, 150.4, 

150.0, 149.2, 141.8, 141.2, 133.7, 132.2, 129.1, 128.8, 128.6, 128.0, 126.4, 121.6, 114.7, 109.5, 

45.1, 36.0, 31.4; HRMS (ESI+) calcd for C21H21N2O2 [M]+ = 333.1597, found 333.1606. 

 

 

Preparation of 4-(3-bromophenoxy)-2-(diethoxymethyl)pyridine: A 25-mL round bottom 

flask was charged with dimethyl sulfoxide (4 mL), K2CO3 (1.65 g, 12.0 mmol) and 3-bromophenol 

(1.27 mL, 12.0 mmol). The mixture was stirred at room temperature for 10 min. 2-

(Diethoxymethyl)-4-nitropyridine (905 mg, 4.00 mmol) was added. A reflux condenser was 

attached, and the vessel was heated to 95 °C (external temperature) for 5.5 h. The reaction mixture 

was cooled to 23 °C and acidified with saturated aqueous NH4Cl (20 mL). The resulting solution 

was extracted with EtOAc (3  10 mL). The combined organic layers were dried over anhydrous 

Na2SO4, filtered, and concentrated in vacuo. The crude material was purified by flash 



 302 

chromatography (0 to 40% EtOAc in hexanes) on silica gel (75 mL) to afford 4-(3-

bromophenoxy)-2-(diethoxymethyl)pyridine as an amber oil (706 mg, 50% yield). 

4-(3-Bromophenoxy)-2-(diethoxymethyl)pyridine: Rf = 0.50 (60% EtOAc in hexanes); IR 

(neat): vmax = 2975, 1598, 1574, 1536, 1467, 1422, 1369, 1346, 1286, 1264, 1208, 1154, 1110, 

1085, 1059 cm-1; 1H NMR (400 MHz, 293 K, DMSO-d6): 𝛿 8.46 (d, J = 5.6 Hz, 1H, 6-H), 7.54–

7.51 (m, 1H, -Ph), 7.48–7.44 (m, 2H, -Ph), 7.23 (ddd, J = 8.0, 2.4, 0.8 Hz, 1H, -Ph), 6.97 (d, J = 

2.8 Hz, 1H, 3-H), 6.94 (dd, J = 5.6, 2.8 Hz, 1H, 5-H), 5.36 (s, 1H, -CH(OCH2CH3)2), 3.65–3.48 

(m, 4H, -CH(OCH2CH3)2), 1.12 (t, J = 6.8 Hz, 6H, -CH(OCH2CH3)2); 
13C NMR (100 MHz, 293 

K, DMSO-d6): 𝛿 164.7, 161.0, 155.0, 151.3, 132.6, 129.0, 124.2, 122.9, 120.3, 112.5, 109.0, 102.2, 

62.2, 15.5; HRMS (ESI+) calcd for C16H19NO3Br [M + H]+ = 352.0542, found 352.0534. 

 

 

Preparation of 2-(diethoxymethyl)-4-(3-(phenylethynyl)phenoxy)pyridine: A 35-mL sealed 

tube with 4-(3-bromophenoxy)-2-(diethoxymethyl)pyridine (300 mg, 0.860 mmol) was treated 

with Pd(OAc)2 (8 mg, 0.04 mmol), XPhos (38 mg, 0.80 mmol), and CuI (8 mg, 0.04 mmol) and 

flushed with argon gas. The mixture was dissolved in anhydrous 1,4-dioxane (1.0 mL), Et3N (480 

L, 3.40 mmol), and phenylacetylene (141 L, 1.30 mmol) at 23 °C. The resulting solution was 

heated to 70 °C (external temperature) and stirred. After 14 h, the reaction mixture was cooled to 

23 °C. The crude residue was dry-loaded and purified by flash chromatography (10 to 40% EtOAc 

in hexanes) on silica gel (50 mL). The semi-pure material was stirred with CH2Cl2 and Amberlite™ 

IRC-748 resin to remove residual copper. After 1.5 h, the mixture was filtered by gravity through 
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a cotton plug and concentrated in vacuo to afford 2-(diethoxymethyl)-4-(2-

(phenylethynyl)phenoxy)pyridine (298 mg, 83% yield) as a dark brown oil.  

2-(Diethoxymethyl)-4-(3-(phenylethynyl)phenoxy)pyridine: Rf = 0.41 (60% EtOAc in 

hexanes); IR (neat): vmax = 2974, 2880, 1591, 1566, 1493, 1475, 1442, 1422, 1369, 1346, 1287, 

1259, 1204, 1158, 1110, 1059 cm-1; 1H NMR (400 MHz, 293 K, DMSO-d6): 𝛿 8.45 (d, J = 5.6 Hz, 

1H, 6-H), 7.57–7.48 (m, 4H, -Ar), 7.44–7.42 (m, 3H, -Ar), 7.38 (br s, 1H, -Ar), 7.27–7.25 (m, 1H, 

-Ar), 6.98–6.93 (m, 2H, -Ar), 5.35 (s, 1H, -CH(OCH2CH3)2), 3.64–3.47 (m, 4H, -CH(OCH2CH3)2), 

1.11 (t, J = 7.2 Hz, 6H, -CH(OCH2CH3)2); 
13C NMR (100 MHz, 293 K, DMSO-d6: 𝛿 164.9, 161.0, 

154.2, 151.3, 131.9, 131.4, 129.5, 129.2, 129.0, 124.8, 123.7, 122.3, 121.9, 112.5, 108.9, 102.3, 

90.8, 88.6, 62.3, 15.5; HRMS (ESI+) calcd for C24H24NO3 [M + H]+ = 374.1751, found 374.1747. 

 

 

Preparation of 2-(diethoxymethyl)-4-(3-phenethylphenoxy)pyridine: A 50-mL round-

bottom flask was charged with 2-(diethoxymethyl)-4-(2-(phenylethynyl)phenoxy)pyridine (318 

mg, 0.850 mmol), EtOH (15 mL), PtO2 (9 mg, 0.04 mmol) at 23 °C. The resulting suspension was 

purged with hydrogen gas three times and stirred vigorously at the same temperature for 24 h. The 

suspension was filtered by gravity through filter paper, and the resulting filtrate was concentrated 

in vacuo to yield 2-(diethoxymethyl)-4-(3-phenethylphenoxy)pyridine as a dark brown oil (269 

mg, 84% yield). This material was used directly without further purification. 

2-(Diethoxymethyl)-4-(3-phenethylphenoxy)pyridine: Rf = 0.45 (60% EtOAc in hexanes); 

IR (neat): vmax = 2974, 2927, 2880, 1596, 1579, 1483, 1443, 1422, 1369, 1345, 1288, 1258, 1240, 
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1169, 1135, 1110, 1059 cm-1; 1H NMR (300 MHz, 293 K, DMSO-d6): 𝛿 8.41 (d, J = 5.7 Hz, 1H, 

6-H), 7.38 (t, J = 7.8 Hz, 1H, -Ph), 7.29–7.14 (m, 6H, -Ar), 7.29–7.14 (m, 6H, -Ar), 7.02–6.97 (m, 

2H, -Ar), 6.94 (d, J = 2.4 Hz, 1H, 3-H), 6.80 (d, J = 5.7, 2.4 Hz, 1H, 5-H), 5.35 (s, 4H, -

CH(OCH2CH3)2), 3.65–3.46 (m, 4H, -CH(OCH2CH3)2), 2.90 (app s, 4H, -CH2CH2Ph), 1.08 (t, J 

= 7.2 Hz, 6H, -CH(OCH2CH3)2); 
13C NMR (100 MHz, 293 K, DMSO-d6): 𝛿 165.3, 160.8, 153.8, 

151.0, 144.8, 141.6, 130.6, 128.8, 128.6, 126.3, 126.2, 121.2, 118.6, 112.1, 108.6, 102.3, 62.1, 

37.3, 37.1, 15.5; HRMS (ESI+) calcd for C24H28NO3 [M + H]+ = 378.2064, found 378.2047. 

 

 

Preparation of (E)-4-(3-phenethylphenoxy)picolinaldehyde oxime: A 50-mL pear-shaped 

flask open to air with 2-(diethoxymethyl)-4-(3-phenethylphenoxy)pyridine (146 mg, 0.380 mmol) 

was charged with H2O (3 mL) and 5 M H2SO4 in H2O (80 L, 0.42 mmol). The solution was heated 

to 95 °C (external temperature). After stirring at the same temperature for 3.5 h, the reaction 

mixture was cooled to 23 °C and treated with K2CO3 (210 mg, 1.52 mmol) followed by MeOH (10 

mL) and NH2OH•HCl (27 mg, 0.38 mmol) at the same temperature. A reflux condenser was 

attached, and the reaction was heated to reflux while open to air. After 2.5 h, the reaction mixture 

was cooled to 23 °C and concentrated in vacuo. EtOAc (10 mL) was added to the crude residue, 

followed by saturated aqueous NH4Cl (25 mL). The layers were separated using a separatory 

funnel and the aqueous layer was extracted with EtOAc (2  10 mL). The combined organic layers 

were dried over anhydrous Na2SO4, filtered, and concentrated in vacuo to afford (E)-4-(3-

phenethylphenoxy)picolinaldehyde oxime (97 mg, 80% yield) as a dark brown oil. This material 
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was used directly without further purification.  

(E)-4-(3-Phenethylphenoxy)picolinaldehyde oxime: Rf = 0.46 (60% EtOAc in hexanes); IR 

(neat): vmax = 2980, 2745, 1596, 1578, 1561, 1514, 1483, 1444, 1427, 1330, 1290, 1258, 1241, 

1175, 1136, 1071 cm-1; 1H NMR (400 MHz, 293 K, DMSO-d6): 𝛿 11.70 (s, 1H, -CH=NOH), 8.43 

(d, J = 5.6 Hz, 1H, 6-H), 8.02 (s, 1H, -CH=NOH), 7.39 (t, J = 7.6 Hz, 1H, -Ph), 7.27–7.13 (m, 7H, 

-Ar), 7.03–7.00 (m, 2H, -Ar), 6.88 (dd, J = 5.6, 2.4 Hz, 1H, 5-H), 2.93–2.87 (m, 4H, -CH2CH2Ph); 

13C NMR (100 MHz, 293 K, DMSO-d6): 𝛿 165.1, 154.7, 153.7, 151.7, 148.9, 144.9, 141.7, 130.7, 

128.9, 128.7, 126.5, 126.3, 121.5, 118.9, 112.9, 106.9, 37.2; HRMS (ESI+) calcd for C20H19N2O2 

[M + H] = 319.1441, found 319.1426. 

 

 

Preparation of (E)-2-((hydroxyimino)methyl)-1-methyl-4-(3-phenethylphenoxy)pyridin-1-

ium iodide (ADG4291): A 35-mL sealed tube with (E)-4-(3-phenethylphenoxy)picolinaldehyde 

oxime (97 mg, 0.30 mmol) was charged with acetone (1 mL) and MeI (190 L, 3.00 mmol). The 

vessel was sealed and heated to 45 °C (external temperature). After 19.5 h at the same temperature, 

the reaction mixture was cooled to 23 °C, transferred to a 25-mL round-bottomed flask and 

concentrated in vacuo. The crude residue was dry-loaded and purified by flash chromatography (5 

to 40% MeOH in CH2Cl2) on silica gel (10 mL) to yield (E)-2-((hydroxyimino)methyl)-1-methyl-

4-(3-phenethylphenoxy)pyridin-1-ium iodide as a light yellow oil (132 mg, 95% yield). 

(E)-2-((Hydroxyimino)methyl)-1-methyl-4-(3-phenethylphenoxy)pyridin-1-ium iodide: Rf 

= 0.23 (50% MeOH in CH2Cl2); IR (neat): vmax = 2997, 2853, 1638, 1607, 1574, 1513, 1484, 1452, 
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1332, 1298, 1260, 1232, 1184, 1144, 1020 cm-1; 1H NMR (300 MHz, 293 K, DMSO-d6): 𝛿 13.06 

(s, 1H, -CH=NOH), 8.82 (d, J = 8.8 Hz, 1H, 6-H), 8.60 (s, 1H, -CH=NOH), 7.54–7.46 (m, 3H, -

Ar), 7.32–7.13 (m, 8H, -Ar), 4.24 (s, 3H, -N+CH3), 2.98–2.86 (m, 4H, -CH2CH2Ph); 13C NMR 

(100 MHz, 293 K, CD3OD): 𝛿 171.0, 153.5, 151.4, 149.8, 146.7, 142.3, 141.8, 131.8, 129.6, 129.3, 

128.9, 127.0, 122.1, 119.2, 115.2, 112.4, 45.8, 38.5, 38.5; HRMS (ESI+) calcd for C21H21N2O2 

[M]+ = 333.1598, found 333.1595. 

 

 

Preparation of 4-(4-bromophenoxy)-2-(diethoxymethyl)pyridine: A 25-mL sealed tube 

was charged with dimethyl sulfoxide (3 mL), K2CO3 (829 mg, 6.00 mmol) and 4-bromophenol 

(1.03 g, 6.00 mmol). The mixture was stirred at room temperature for 5 min. 2-(diethoxymethyl)-

4-nitropyridine (452 mg, 2.00 mmol) was added, a reflux condenser was attached, and the vessel 

was heated to 95 °C (external temperature) for 5.5 h. The reaction mixture was cooled to 23 °C 

and acidified with saturated aqueous NH4Cl (15 mL). The resulting solution was extracted with 

EtOAc (3  10 mL). The combined organic layers were dried over anhydrous Na2SO4, filtered, 

and concentrated in vacuo. The crude material was purified by flash chromatography (0 to 50% 

EtOAc in hexanes) on silica gel (20 mL) to afford 4-(4-bromophenoxy)-2-

(diethoxymethyl)pyridine as a yellow oil (695 mg, 99% yield). 

4-(4-Bromophenoxy)-2-(diethoxymethyl)pyridine: Rf = 0.63 (60% EtOAc in hexanes); IR 

(neat): vmax = 2974, 2881, 1597, 1570, 1481, 1420, 1399, 1369, 1346, 1287, 1257, 1212, 1165, 

1151, 1109, 1062, 1010 cm-1; 1H NMR (400 MHz, 293 K, DMSO-d6): 𝛿 8.44 (d, J = 6.0 Hz, 1H, 
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6-H), 7.68 (app dt, J = 8.8, 3.6 Hz, 2H, -Ph), 7.18 (app dt, J = 8.8, 3.6 Hz, 2H, -Ph), 6.96 (d, J = 

2.4 Hz, 1H, 3-H), 6.69 (dd, J = 5.6, 2.4 Hz, 1H, 5-H), 5.35 (s, 1H, -CH(OCH2CH3)2), 3.64–3.48 

(m, 4H, -CH(OCH2CH3)2), 1.11 (t, J = 7.2 Hz, 6H, -CH(OCH2CH3)2); 
13C NMR (100 MHz, 293 

K, DMSO-d6): 𝛿 164.7, 161.0, 153.4, 151.2, 133.7, 123.4, 118.0, 112.3, 108.8, 102.2, 62.2, 15.5; 

HRMS (ESI+) calcd for C16H19NO3Br [M + H]+ = 352.0542, found 352.0535. 

 

 

Preparation of 2-(diethoxymethyl)-4-(4-(phenylethynyl)phenoxy)pyridine: A 25-mL sealed 

tube with 4-(4-bromophenoxy)-2-(diethoxymethyl)pyridine (566 mg, 1.61 mmol) was treated with 

Pd(OAc)2 (18 mg, 0.080 mmol), XPhos (75 mg, 0.16 mmol), and CuI (15 mg, 0.080 mmol) and 

flushed with argon gas. The mixture was dissolved in anhydrous 1,4-dioxane (2.0 mL), Et3N (670 

L, 4.83 mmol), and phenylacetylene (270 L, 2.40 mmol) at 23 °C. The resulting solution was 

heated to 70 °C (external temperature) and stirred. After 16.5 h, the reaction mixture was cooled 

to 23 °C. The crude residue was dry-loaded and purified by flash chromatography (10 to 50% 

EtOAc in hexanes) on silica gel (75 mL). The semi-pure material was stirred with CH2Cl2 and 

Amberlite™ IRC-748 resin to remove residual copper. After 1 h, the mixture was filtered by 

gravity through a cotton plug and concentrated in vacuo to afford 2-(diethoxymethyl)-4-(4-

(phenylethynyl)phenoxy)pyridine (558 g, 93% yield) as a dark brown oil. 

2-(Diethoxymethyl)-4-(4-(phenylethynyl)phenoxy)pyridine: Rf = 0.53 (60% EtOAc in 

hexanes); IR (neat): vmax = 2975, 2872, 1606, 1568, 1504, 1471, 1442, 1420, 1368, 1357, 1332, 
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1286, 1262, 1238, 1216, 1168, 1153, 1132, 1111, 1084, 1048, 1032, 1010 cm-1; 1H NMR (400 

MHz, 293 K, CDCl3): 𝛿 8.49 (d, J = 6.0 Hz, 1H, 6-H), 7.62–7.54 (m, 4H, -Ar), 7.39–7.37 (m, 3H, 

-Ar), 7.22 (d, J = 2.4 Hz, 1H, 3-H), 7.11–7.09 (m, 2H, -Ar), 6.82 (dd, J = 6.0, 2.4 Hz, 1H, 5-H), 

5.45 (s, 1H, -CH(OCH3)2), 3.77–3.59 (m, 4H, -CH(OCH2CH3)2), 1.26 (t, J = 7.2 Hz, 6H, -

CH(OCH2CH3)2); 
13C NMR (100 MHz, 293 K, CDCl3): 𝛿 165.0, 160.7, 154.0, 150.7, 133.5, 131.5, 

128.3, 123.0, 120.5, 120.3, 111.9, 109.7, 102.3, 89.5, 88.3, 62.3, 15.1; HRMS (ESI+) calcd for 

C24H24NO3 [M + H]+ = 374.1751, found 374.1739. 

 

 

Preparation of 2-(diethoxymethyl)-4-(4-phenethylphenoxy)pyridine: A 50-mL round-

bottom flask was charged with 2-(diethoxymethyl)-4-(4-(phenylethynyl)phenoxy)pyridine (426 

mg, 1.14 mmol), EtOH (20 mL), PtO2 (13 mg, 0.060 mmol) at 23 °C. The resulting suspension 

was purged with hydrogen gas three times and stirred vigorously at the same temperature for 6.5 

h. The suspension was filtered by gravity through filter paper, and the resulting filtrate was 

concentrated in vacuo to yield 2-(diethoxymethyl)-4-(4-phenethylphenoxy)pyridine as a dark 

brown oil (435 mg, quantitative yield). This material was used directly without further purification. 

2-(Diethoxymethyl)-4-(4-phenethylphenoxy)pyridine: Rf = 0.53 (60% EtOAc in hexanes); 

IR (neat): vmax = 2975, 2928, 1586, 1570, 1504, 1474, 1453, 1422, 1369, 1345, 1288, 1257, 1213, 

1168, 1152, 1110, 1059, 1016 cm-1; 1H NMR (300 MHz, 293 K, DMSO-d6): 𝛿 8.40 (d, J = 5.7 Hz, 

1H, 6-H), 7.34–7.15 (m, 7H, -Ph), 7.09–7.07 (m, 2H, -Ph), 6.90 (d, J = 2.4 Hz, 1H, 3-H), 6.87 (dd, 
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J = 5.7, 2.4 Hz, 1H, 5-H), 5.33 (s, 1H, -CH(OCH3)2), 3.64–3.44 (m, 4H, -CH(OCH2CH3)2), 2.91 

(app s, 4H, -CH2CH2Ph), 1.23 (t, J = 6.9 Hz, 6H, -CH(OCH2CH3)2); 
13C NMR (100 MHz, 293 K, 

DMSO-d6): 𝛿 165.5, 160.9, 151.9, 151.0, 141.7, 139.4, 130.8, 128.9, 128.7, 126.3, 121.1, 112.1, 

108.4, 102.4, 62.2, 37.5, 36.9, 15.5; HRMS (ESI+) calcd for C24H28NO3 [M + H]+ = 378.2064, 

found 378.2062. 

 

 

Preparation of (E)-4-(4-phenethylphenoxy)picolinaldehyde oxime: A 50-mL pear-shaped 

flask open to air with 2-(diethoxymethyl)-4-(4-phenethylphenoxy)pyridine (232 mg, 0.610 mmol) 

was charged with H2O (3 mL) and 5 M H2SO4 in H2O (130 L, 0.680 mmol). The solution was 

heated to 95 °C (external temperature). After stirring at the same temperature for 3 h, the reaction 

mixture was cooled to 23 °C and treated with K2CO3 (337 mg, 2.44 mmol) followed by MeOH (10 

mL) and NH2OH•HCl (42 mg, 0.61 mmol) at the same temperature. A reflux condenser was 

attached, and the reaction was heated to reflux while open to air. After 4 h, the reaction mixture 

was cooled to 23 °C and concentrated in vacuo. EtOAc (10 mL) was added to the crude residue, 

followed by saturated aqueous NH4Cl (20 mL). The layers were separated using a separatory 

funnel and the aqueous layer was extracted with EtOAc (2  10 mL). The combined organic layers 

were dried over anhydrous Na2SO4, filtered, and concentrated in vacuo to afford (E)-4-(4-

phenethylphenoxy)picolinaldehyde oxime (118 mg, 61% yield) as an orange solid. This material 

was used directly without further purification.  

(E)-4-(4-Phenethylphenoxy)picolinaldehyde oxime: m.p. = 142–144 °C; Rf = 0.49 (60% 
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EtOAc in hexanes); IR (neat): vmax = 2985, 1586, 1561, 1504, 1428, 1323, 1293, 1256, 1243, 1219, 

1174 cm-1; 1H NMR (400 MHz, 293 K, DMSO-d6): 𝛿 11.68 (s, 1H, -CH=NOH), 8.45 (d, J = 5.6 

Hz, 1H, 6-H), 8.01 (s, 1H, -CH=NOH), 7.35–7.33 (m, 2H, -Ph), 7.32–7.23 (m, 4H, -Ar), 7.21–

7.16 (m, 1H, -Ph), 7.13–7.10 (m, 3H, -Ar), 6.95 (dd, J = 5.6, 2.8 Hz, 1H, 5-H), 2.91 (s, 4H, -

CH2CH2Ph); 13C NMR (75 MHz, 293 K, DMSO-d6): 𝛿 165.3, 154.6, 151.8, 151.7, 148.9, 141.8, 

139.6, 130.8, 128.9, 128.7, 126.3, 121.2, 112.9, 106.6, 37.5, 36.9; HRMS (ESI+) calcd for 

C20H19N2O2 [M + H] = 319.1441, found 319.1441. 

 

 

Preparation of (E)-2-((hydroxyimino)methyl)-1-methyl-4-(4-phenethylphenoxy)pyridin-1-

ium iodide (ADG4278): A 35-mL sealed tube with (E)-4-(4-phenethylphenoxy)picolinaldehyde 

oxime (73 mg, 0.23 mmol) was charged with acetone (1 mL) and MeI (140 L, 2.28 mmol). The 

vessel was sealed and heated to 40 °C (external temperature). After 16 h at the same temperature, 

the reaction mixture was cooled to 23 °C, transferred to a 25-mL round-bottomed flask and 

concentrated in vacuo to yield (E)-2-((hydroxyimino)methyl)-1-methyl-4-(4-

phenethylphenoxy)pyridin-1-ium iodide as a yellow solid (68 mg, 64% yield). 

(E)-2-((Hydroxyimino)methyl)-1-methyl-4-(4-phenethylphenoxy)pyridin-1-ium iodide: 

m.p. = 182–184 °C; Rf = 0.68 (50% MeOH in CH2Cl2); IR (neat): vmax = 3068, 1642, 1582, 1567, 

1499, 1460, 1415, 1327, 1299, 1262, 1213, 1182, 1160, 1011 cm-1; 1H NMR (400 MHz, 293 K, 

CD3OD): 𝛿 8.66 (d, J = 5.2 Hz, 1H, 6-H), 8.54 (s, 1H, -CH=NOH), 7.66 (d, J = 7.2, 2.4 Hz, 1H, 

3-H), 7.36–7.34 (m, 3H, -Ar), 7.26–7.23 (m, 2H, -Ar), 7.18–7.14 (m, 5H, -Ar), 4.25 (s, 3H, -
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N+CH3), 2.99–2.94 (m, 4H, -CH2CH2Ph); 13C NMR (100 MHz, 293 K, CD3OD): 𝛿 171.2, 151.8, 

151.4, 149.7, 142.7, 142.5, 141.8, 132.1, 129.6, 129.3, 127.0, 121.6, 115.3, 112.2, 45.7, 38.8, 38.3; 

HRMS (ESI+) calcd for C21H21N2O2 [M]+ = 333.1597, found 333.1582. 

  



 312 

Appendix A.4 NMR spectra 

 

Spectrum 1. 1H NMR of 2,3-dimethylpyridine 1-oxide (300 MHz, 293 K, CDCl3). 
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Spectrum 2. 1H NMR of (3-methylpyridin-2-yl)methanol (300 MHz, 293 K, 1% w/w CD3OD in CDCl3). 
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Spectrum 3. 13C NMR of (3-methylpyridin-2-yl)methanol (100 MHz, 293 K, CDCl3). 
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Spectrum 4. 1H NMR of 3-methylpicolinaldehyde (300 MHz, 293 K, CDCl3). 
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Spectrum 5. 13C NMR of 3-methylpicolinaldehyde (100 MHz, 293 K, CDCl3). 
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Spectrum 6. 1H NMR of (E)-3-methylpicolinaldehyde oxime (400 MHz, 293 K, DMSO-d6). 
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Spectrum 7. 13C NMR of (E)-3-methylpicolinaldehyde oxime (100 MHz, 293 K, DMSO-d6). 
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Spectrum 8. 1H NMR of (E)-2-[(hydroxyimino)methyl]-1,3-dimethylpyridin-1-ium iodide (3-Me-2-PAM) (400 

MHz, 293 K, DMSO-d6). 
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Spectrum 9. 13C NMR of (E)-2-[(hydroxyimino)methyl]-1,3-dimethylpyridin-1-ium iodide (3-Me-2-PAM) (100 

MHz, 293 K, DMSO-d6). 
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Spectrum 10. 1H NMR of 2,4-dimethylpyridine 1-oxide (300 MHz, 293 K, CDCl3). 
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Spectrum 11. 1H NMR of (4-methylpyridin-2-yl)methanol (400 MHz, 293 K, 1% w/w CD3OD in CDCl3). 
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Spectrum 12. 13C NMR of (4-methylpyridin-2-yl)methanol (100 MHz, 293 K, CDCl3). 
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Spectrum 13. 1H NMR of 4-methylpicolinaldehyde (300 MHz, 293 K, CDCl3). 
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Spectrum 14. 13C NMR of 4-methylpicolinaldehyde (100 MHz, 293 K, CDCl3). 
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Spectrum 15. 1H NMR of (E)-4-methylpicolinaldehyde oxime (400 MHz, 293 K, DMSO-d6). 
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Spectrum 16. 13C NMR of (E)-4-methylpicolinaldehyde oxime (100 MHz, 293 K, DMSO-d6). 
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Spectrum 17. 1H NMR of (E)-2-[(hydroxyimino)methyl]-1,4-dimethylpyridin-1-ium iodide (4-Me-2-PAM) (400 

MHz, 293 K, DMSO-d6). 
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Spectrum 18. 13C NMR of (E)-2-[(hydroxyimino)methyl]-1,4-dimethylpyridin-1-ium iodide (4-Me-2-PAM) (100 

MHz, 293 K, DMSO-d6). 



 330 

 

Spectrum 19. 1H NMR of 2,5-dimethylpyridine 1-oxide (300 MHz, 293 K, CDCl3). 
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Spectrum 20. 1H NMR of (5-methylpyridin-2-yl)methanol (400 MHz, 293 K, 1% w/w CD3OD in CDCl3). 
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Spectrum 21. 13C NMR of (5-methylpyridin-2-yl)methanol (100 MHz, 293 K, CDCl3). 
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Spectrum 22. 1H NMR of 5-methylpicolinaldehyde (300 MHz, 293 K, CDCl3). 
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Spectrum 23. 13C NMR of 5-methylpicolinaldehyde (100 MHz, 293 K, CDCl3). 
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Spectrum 24. 1H NMR of (E)-5-methylpicolinaldehyde oxime (400 MHz, 293 K, DMSO-d6). 
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Spectrum 25. 13C NMR of (E)-5-methylpicolinaldehyde oxime (100 MHz, 293 K, DMSO-d6). 
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Spectrum 26. 1H NMR of (E)-2-[(hydroxyimino)methyl]-1,5-dimethylpyridin-1-ium iodide (5-Me-2-PAM) (400 

MHz, 293 K, DMSO-d6). 
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Spectrum 27. 13C NMR of (E)-2-[(hydroxyimino)methyl]-1,5-dimethylpyridin-1-ium iodide (5-Me-2-PAM) (100 

MHz, 293 K, DMSO-d6). 
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Spectrum 28. 1H NMR of 2,6-dimethylpyridine 1-oxide (300 MHz, 293 K, CDCl3). 
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Spectrum 29. 1H NMR of (6-methylpyridin-2-yl)methanol (400 MHz, 293 K, 1% w/w CD3OD in CDCl3). 
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Spectrum 30. 13C NMR of (6-methylpyridin-2-yl)methanol (100 MHz, 293 K, CDCl3). 
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Spectrum 31. 1H NMR of 6-methylpicolinaldehyde (400 MHz, 293 K, DMSO-d6). 
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Spectrum 32. 1H NMR of (E)-6-methylpicolinaldehyde oxime (400 MHz, 293 K, DMSO-d6). 
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Spectrum 33. 13C NMR of (E)-6-methylpicolinaldehyde oxime (100 MHz, 293 K, DMSO-d6). 
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Spectrum 34. 1H NMR of (E)-2-[(hydroxyimino)methyl]-1,6-dimethylpyridin-1-ium iodide (6-Me-2-PAM) (400 

MHz, 293 K, DMSO-d6). 
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Spectrum 35. 13C NMR of (E)-2-[(hydroxyimino)methyl]-1,6-dimethylpyridin-1-ium iodide (6-Me-2-PAM) (100 

MHz, 293 K, DMSO-d6). 
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Spectrum 36. 1H NMR of (4-nitropyridin-2-yl)methanol (300 MHz, 293 K, 1% w/w CD3OD in CDCl3). 
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Spectrum 37. 1H NMR of 4-nitropicolinaldehyde (400 MHz, 293 K, CDCl3). 
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Spectrum 38. 1H NMR of 2-(diethoxymethyl)-4-nitropyridine (400 MHz, 293 K, CDCl3). 
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Spectrum 39. 13C NMR of 2-(diethoxymethyl)-4-nitropyridine (100 MHz, 293 K, CDCl3). 
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Spectrum 40. 1H NMR of 2-(diethoxymethyl)-4-propoxypyridine (400 MHz, 293 K, CDCl3). 
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Spectrum 41. 13C NMR of 2-(diethoxymethyl)-4-propoxypyridine (100 MHz, 293 K, CDCl3). 
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Spectrum 42. 1H NMR of (E)-4-propoxypicolinaldehyde oxime (400 MHz, 293 K, DMSO-d6). 
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Spectrum 43. 13C NMR of (E)-4-propoxypicolinaldehyde oxime (100 MHz, 293 K, DMSO-d6). 
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Spectrum 44. 1H NMR of (E)-2-((hydroxyimino)methyl)-1-methyl-4-propoxypyridin-1-ium (ADG3035) (400 MHz, 

293 K, DMSO-d6). 
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Spectrum 45. 13C NMR of (E)-2-((hydroxyimino)methyl)-1-methyl-4-propoxypyridin-1-ium (ADG3035) (100 

MHz, 293 K, DMSO-d6). 
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Spectrum 46. 1H NMR of 2-(diethoxymethyl)-4-propoxypyridine (400 MHz, 293 K, CDCl3). 
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Spectrum 47. 13C NMR of 2-(diethoxymethyl)-4-propoxypyridine (100 MHz, 293 K, CDCl3). 
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Spectrum 48. 1H NMR of (E)-4-isopropoxypicolinaldehyde oxime (300 MHz, 293 K, DMSO-d6). 
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Spectrum 49. 13C NMR of (E)-4-isopropoxypicolinaldehyde oxime (100 MHz, 293 K, DMSO-d6). 



 362 

 

Spectrum 50. 1H NMR of (E)-2-((hydroxyimino)methyl)-1-methyl-4-isopropoxypyridin-1-ium iodide (ADG2054) 

(400 MHz, 293 K, DMSO-d6). 
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Spectrum 51. 13C NMR of (E)-2-((hydroxyimino)methyl)-1-methyl-4-isopropoxypyridin-1-ium iodide (ADG2054) 

(100 MHz, 293 K, DMSO-d6). 
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Spectrum 52. 1H NMR of 2-(diethoxymethyl)-4-butoxypyridine (400 MHz, 293 K, CDCl3). 
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Spectrum 53. 13C NMR of 2-(diethoxymethyl)-4-butoxypyridine (100 MHz, 293 K, CDCl3). 
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Spectrum 54. 1H NMR of (E)-4-butoxypicolinaldehyde oxime (400 MHz, 293 K, DMSO-d6). 
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Spectrum 55. 13C NMR of (E)-4-butoxypicolinaldehyde oxime (100 MHz, 293 K, DMSO-d6). 
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Spectrum 56. 1H NMR of (E)-2-((hydroxyimino)methyl)-1-methyl-4-butoxypyridin-1-ium iodide (ADG2058) (400 

MHz, 293 K, DMSO-d6). 
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Spectrum 57. 13C NMR of (E)-2-((hydroxyimino)methyl)-1-methyl-4-butoxypyridin-1-ium iodide (ADG2058) (100 

MHz, 293 K, DMSO-d6). 



 370 

 

Spectrum 58. 1H NMR of 2-(diethoxymethyl)-4-propylthiopyridine (400 MHz, 293 K, CDCl3). 



 371 

 

Spectrum 59. 13C NMR of 2-(diethoxymethyl)-4-propylthiopyridine (100 MHz, 293 K, CDCl3). 
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Spectrum 60. 1H NMR of (E)-4-(propylthio)picolinaldehyde oxime (400 MHz, 293 K, DMSO-d6). 
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Spectrum 61. 13C NMR of (E)-4-(propylthio)picolinaldehyde oxime (100 MHz, 293 K, DMSO-d6). 
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Spectrum 62. 1H NMR of (E)-2-((hydroxyimino)methyl)-1-methyl-4-(propylthio)pyridin-1-ium iodide (ADG2293) 

(400 MHz, 293 K, DMSO-d6). 
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Spectrum 63. 13C NMR of (E)-2-((hydroxyimino)methyl)-1-methyl-4-(propylthio)pyridin-1-ium iodide (ADG2293) 

(100 MHz, 293 K, DMSO-d6). 
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Spectrum 64. 1H NMR of 2-(diethoxymethyl)-4-isopropylthiopyridine (400 MHz, 293 K, CDCl3). 
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Spectrum 65. 13C NMR of 2-(diethoxymethyl)-4-isopropylthiopyridine (100 MHz, 293 K, CDCl3). 
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Spectrum 66. 1H NMR of (E)-4-isopropylthiopicolinaldehyde oxime (300 MHz, 293 K, DMSO-d6). 
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Spectrum 67. 13C NMR of (E)-4-isopropylthiopicolinaldehyde oxime (100 MHz, 293 K, DMSO-d6). 
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Spectrum 68. 1H NMR of (E)-2-((hydroxyimino)methyl)-1-methyl-4-(isopropylthio)pyridin-1-ium iodide 

(ADG3060) (300 MHz, 293 K, DMSO-d6). 
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Spectrum 69. 13C NMR of (E)-2-((hydroxyimino)methyl)-1-methyl-4-(isopropylthio)pyridin-1-ium iodide 

(ADG3060) (100 MHz, 293 K, DMSO-d6). 
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Spectrum 70. 1H NMR of 2-(diethoxymethyl)-4-butylthiopyridine (400 MHz, 293 K, CDCl3). 
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Spectrum 71. 13C NMR of 2-(diethoxymethyl)-4-butylthiopyridine (100 MHz, 293 K, CDCl3). 
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Spectrum 72. 1H NMR of (E)-4-butylthiopicolinaldehyde oxime (400 MHz, 293 K, DMSO-d6). 
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Spectrum 73. 13C NMR of (E)-4-butylthiopicolinaldehyde oxime (100 MHz, 293 K, DMSO-d6). 



 386 

 

Spectrum 74. 1H NMR of (E)-2-((hydroxyimino)methyl)-1-methyl-4-(butylthio)pyridin-1-ium iodide (ADG2294) 

(400 MHz, 293 K, DMSO-d6). 



 387 

Spectrum 75. 13C NMR of (E)-2-((hydroxyimino)methyl)-1-methyl-4-(butylthio)pyridin-1-ium iodide (ADG2294) 

(100 MHz, 293 K, DMSO-d6). 



 388 

 

Spectrum 76. 1H NMR of 2-(diethoxymethyl)-4-tert-butylthiopyridine (400 MHz, 293 K, CDCl3). 
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Spectrum 77. 13C NMR of 2-(diethoxymethyl)-4-tert-butylthiopyridine (100 MHz, 293 K, CDCl3). 
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Spectrum 78. 1H NMR of (E)-4-tert-butylthiopicolinaldehyde oxime (400 MHz, 293 K, DMSO-d6). 



 391 

 

Spectrum 79. 13C NMR of (E)-4-tert-butylthiopicolinaldehyde oxime (100 MHz, 293 K, DMSO-d6). 
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Spectrum 80. 1H NMR of (E)-2-((hydroxyimino)methyl)-1-methyl-4-(tert-butylthio)pyridin-1-ium iodide 

(ADG3001) (400 MHz, 293 K, DMSO-d6). 
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Spectrum 81. 13C NMR of (E)-2-((hydroxyimino)methyl)-1-methyl-4-(tert-butylthio)pyridin-1-ium iodide 

(ADG3001) (100 MHz, 293 K, DMSO-d6). 
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Spectrum 82. 1H NMR of 2-(diethoxymethyl)-4-(phenylthio)pyridine (400 MHz, 293 K, CDCl3). 



 395 

 

Spectrum 83. 13C NMR of 2-(diethoxymethyl)-4-(phenylthio)pyridine (100 MHz, 293 K, CDCl3). 
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Spectrum 84. 1H NMR of (E)-4-(phenylthio)picolinaldehyde oxime (400 MHz, 293 K, DMSO-d6). 
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Spectrum 85. 13C NMR of (E)-4-(phenylthio)picolinaldehyde oxime (100 MHz, 293 K, DMSO-d6). 
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Spectrum 86. 1H NMR of (E)-2-((hydroxyiminoye)methyl)-1-methyl-4-(phenylthio)pyridin-1-ium iodide 

(ADG3002) (400 MHz, 293 K, DMSO-d6). 
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Spectrum 87. 13C NMR of (E)-2-((hydroxyimino)methyl)-1-methyl-4-(phenylthio)pyridin-1-ium iodide (ADG3002) 

(100 MHz, 293 K, DMSO-d6). 
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Spectrum 88. 1H NMR of 2-(diethoxymethyl)-4-phenoxypyridine (400 MHz, 293 K, CDCl3). 
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Spectrum 89. 13C NMR of 2-(diethoxymethyl)-4-phenoxypyridine (100 MHz, 293 K, CDCl3). 
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Spectrum 90. 1H NMR of (E)-4-phenoxypicolinaldehyde oxime (400 MHz, 293 K, DMSO-d6). 
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Spectrum 91. 13C NMR of (E)-4-phenoxypicolinaldehyde oxime (100 MHz, 293 K, DMSO-d6). 
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Spectrum 92. 1H NMR of (E)-2-((hydroxyimino)methyl)-1-methyl-4-phenoxypyridin-1-ium iodide (ADG3003) 

(300 MHz, 293 K, DMSO-d6). 
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Spectrum 93. 13C NMR of (E)-2-((hydroxyimino)methyl)-1-methyl-4-phenoxypyridin-1-ium iodide (ADG3003) 

(100 MHz, 293 K, DMSO-d6). 
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Spectrum 94. 1H NMR for 4-bromo-2-methylpyridine 1-oxide (300 MHz, 293 K, CDCl3). 



 407 

 

Spectrum 95. 1H NMR for (4-bromopyridin-2-yl)methanol (300 MHz, 293 K, 1% w/w CD3OD in CDCl3). 



 408 

 

Spectrum 96. 1H NMR for 4-bromopicolinaldehyde (400 MHz, 293 K, CDCl3). 
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Spectrum 97. 1H NMR for 4-bromo-2-(dimethoxymethyl)pyridine (400 MHz, 293 K, CDCl3). 
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Spectrum 98. 1H NMR of (2-(dimethoxymethyl)pyridin-4-yl)(phenyl)methanol (300 MHz, 293 K, DMSO-d6). 
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Spectrum 99. 13C NMR of (2-(dimethoxymethyl)pyridin-4-yl)(phenyl)methanol (75 MHz, 293 K, DMSO-d6). 
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Spectrum 100. 1H NMR of (E)-4-(hydroxy(phenyl)methyl)picolinaldehyde oxime (400 MHz, 293 K, DMSO-d6). 
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Spectrum 101. 13C NMR of (E)-4-(hydroxy(phenyl)methyl)picolinaldehyde oxime (100 MHz, 293 K, DMSO-d6). 
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Spectrum 102. 1H NMR of (E)-4-(hydroxy(phenyl)methyl)-2-((hydroxyimino)methyl)-1-methylpyridin-1-ium 

iodide (ADG3230) (500 MHz, 293 K, DMSO-d6). 
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Spectrum 103. 13C NMR of (E)-4-(hydroxy(phenyl)methyl)-2-((hydroxyimino)methyl)-1-methylpyridin-1-ium 

iodide (ADG3230) (100 MHz, 293 K, DMSO-d6). 
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Spectrum 104. 1H NMR of 2-(diethoxymethyl)-4-(phenylsulfinyl)pyridine (300 MHz, 293 K, CDCl3). 
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Spectrum 105. 13C NMR of 2-(diethoxymethyl)-4-(phenylsulfinyl)pyridine (75 MHz, 293 K, CDCl3). 



 418 

 

Spectrum 106. 1H NMR of (E)-4-(phenylsulfinyl)picolinaldehyde oxime (400 MHz, 293 K, DMSO-d6). 
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Spectrum 107. 13C NMR of (E)-4-(phenylsulfinyl)picolinaldehyde oxime (75 MHz, 293 K, DMSO-d6). 
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Spectrum 108. 1H NMR of 2-(diethoxymethyl)-4-(phenylsulfonyl)pyridine (400 MHz, 293 K, CDCl3). 
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Spectrum 109. 13C NMR of 2-(diethoxymethyl)-4-(phenylsulfonyl)pyridine (100 MHz, 293 K, CDCl3). 
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Spectrum 110. 1H NMR of (E)-4-(phenylsulfonyl)picolinaldehyde oxime (400 MHz, 293 K, DMSO-d6). 



 423 

 

Spectrum 111. 13C NMR of (E)-4-(phenylsulfonyl)picolinaldehyde oxime (100 MHz, 293 K, DMSO-d6). 
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Spectrum 112. 1H NMR of 2-(diethoxymethyl)-4-(2-fluorophenoxy)pyridine (400 MHz, 293 K, CDCl3). 
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Spectrum 113. 13C NMR of 2-(diethoxymethyl)-4-(2-fluorophenoxy)pyridine (100 MHz, 293 K, CDCl3). 
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Spectrum 114. 1H NMR of (E)-4-(2-fluorophenoxy)picolinaldehyde oxime (400 MHz, 293 K, DMSO-d6). 
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Spectrum 115. 13C NMR of (E)-4-(2-fluorophenoxy)picolinaldehyde oxime (100 MHz, 293 K, DMSO-d6). 
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Spectrum 116. 1H NMR of (E)-2-((hydroxyimino)methyl)-1-methyl-4-(2-fluorophenoxy)pyridin-1-ium iodide 

(ADG3124) (300 MHz, 293 K, CD3OD). 
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Spectrum 117. 13C NMR of (E)-2-((hydroxyimino)methyl)-1-methyl-4-(2-fluorophenoxy)pyridin-1-ium iodide 

(ADG3124) (100 MHz, 293 K, CD3OD). 
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Spectrum 118. 1H NMR of 2-(diethoxymethyl)-4-(3-fluorophenoxy)pyridine (400 MHz, 293 K, CDCl3). 

 



 431 

 

Spectrum 119. 13C NMR of 2-(diethoxymethyl)-4-(3-fluorophenoxy)pyridine (100 MHz, 293 K, CDCl3). 

 



 432 

 

Spectrum 120. 1H NMR of (E)-4-(3-fluorophenoxy)picolinaldehyde oxime (400 MHz, 293 K, DMSO-d6). 

 



 433 

 

Spectrum 121. 13C NMR of (E)-4-(3-fluorophenoxy)picolinaldehyde oxime (100 MHz, 293 K, DMSO-d6). 



 434 

 

Spectrum 122. 1H NMR of (E)-2-((hydroxyimino)methyl)-1-methyl-4-(3-fluorophenoxy)pyridin-1-ium iodide 

(ADG3123) (400 MHz, 293 K, DMSO-d6). 



 435 

 

Spectrum 123. 13C NMR of (E)-2-((hydroxyimino)methyl)-1-methyl-4-(3-fluorophenoxy)pyridin-1-ium iodide 

(ADG3123) (100 MHz, 293 K, DMSO-d6). 
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Spectrum 124. 1H NMR of 2-(diethoxymethyl)-4-(4-fluorophenoxy)pyridine (300 MHz, 293 K, CDCl3). 
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Spectrum 125. 13C NMR of 2-(diethoxymethyl)-4-(4-fluorophenoxy)pyridine (100 MHz, 293 K, CDCl3). 
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Spectrum 126. 1H NMR of (E)-4-(4-fluorophenoxy)picolinaldehyde oxime (400 MHz, 293 K, DMSO-d6). 
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Spectrum 127. 13C NMR of (E)-4-(4-fluorophenoxy)picolinaldehyde oxime (100 MHz, 293 K, DMSO-d6). 

 



 440 

 

Spectrum 128. 1H NMR of (E)-2-((hydroxyimino)methyl)-1-methyl-4-(4-fluorophenoxy)pyridin-1-ium iodide 

(ADG3116) (400 MHz, 293 K, DMSO-d6). 
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Spectrum 129. 13C NMR of (E)-2-((hydroxyimino)methyl)-1-methyl-4-(4-fluorophenoxy)pyridin-1-ium iodide 

(ADG3116) (100 MHz, 293 K, DMSO-d6). 



 442 

 

Spectrum 130. 1H NMR of 2-(diethoxymethyl)-4-((2-fluorophenyl)thio)pyridine (300 MHz, 293 K, DMSO-d6). 
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Spectrum 131. 13C NMR of 2-(diethoxymethyl)-4-(4-fluorophenoxy)pyridine (100 MHz, 293 K, DMSO-d6). 
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Spectrum 132. 1H NMR of (E)-4-((2-fluorophenyl)thio)picolinaldehyde oxime (400 MHz, 293 K, DMSO-d6). 
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Spectrum 133. 13C NMR of (E)-4-((2-fluorophenyl)thio)picolinaldehyde oxime (100 MHz, 293 K, DMSO-d6). 
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Spectrum 134. 1H NMR of (E)-4-((2-fluorophenyl)thio)-2-((hydroxyimino)methyl)-1-methylpyridin-1-ium iodide 

(ADG4158) (300 MHz, 293 K, DMSO-d6). 
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Spectrum 135. 13C NMR of (E)-4-((2-fluorophenyl)thio)-2-((hydroxyimino)methyl)-1-methylpyridin-1-ium iodide 

(ADG4158) (100 MHz, 293 K, DMSO-d6). 
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Spectrum 136. 1H NMR of 2-(diethoxymethyl)-4-((3-fluorophenyl)thio)pyridine (400 MHz, 293 K, DMSO-d6). 
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Spectrum 137. 13C NMR of 2-(diethoxymethyl)-4-((3-fluorophenyl)thio)pyridine (100 MHz, 293 K, DMSO-d6). 
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Spectrum 138. 1H NMR of 2-(diethoxymethyl)-4-((3-fluorophenyl)thio)pyridine (400 MHz, 293 K, DMSO-d6). 
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Spectrum 139. 13C NMR of 2-(diethoxymethyl)-4-((3-fluorophenyl)thio)pyridine (100 MHz, 293 K, DMSO-d6). 



 452 

 

Spectrum 140. 1H NMR of (E)-4-((3-fluorophenyl)thio)-2-((hydroxyimino)methyl)-1-methylpyridin-1-ium iodide 

(ADG4146) (400 MHz, 293 K, DMSO-d6). 



 453 

 

Spectrum 141. 13C NMR of (E)-4-((3-fluorophenyl)thio)-2-((hydroxyimino)methyl)-1-methylpyridin-1-ium iodide 

(ADG4146) (100 MHz, 293 K, DMSO-d6). 
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Spectrum 142. 1H NMR of 2-(diethoxymethyl)-4-((4-fluorophenyl)thio)pyridine (300 MHz, 293 K, DMSO-d6). 
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Spectrum 143. 13C NMR of 2-(diethoxymethyl)-4-((4-fluorophenyl)thio)pyridine (100 MHz, 293 K, DMSO-d6). 
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Spectrum 144. 1H NMR of (E)-4-((4-fluorophenyl)thio)picolinaldehyde oxime (300 MHz, 293 K, DMSO-d6). 



 457 

 

Spectrum 145. 13C NMR of (E)-4-((4-fluorophenyl)thio)picolinaldehyde oxime (125 MHz, 293 K, DMSO-d6). 



 458 

 

Spectrum 146. 1H NMR of (E)-4-((4-fluorophenyl)thio)-2-((hydroxyimino)methyl)-1-methylpyridin-1-ium iodide 

(ADG3193) (400 MHz, 293 K, CD3OD). 
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Spectrum 147. 13C NMR of (E)-4-((4-fluorophenyl)thio)-2-((hydroxyimino)methyl)-1-methylpyridin-1-ium iodide 

(ADG3193) (100 MHz, 293 K, CD3OD). 
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Spectrum 148. 1H NMR of 2-(diethoxymethyl)-4-(o-tolyloxy)pyridine (300 MHz, 293 K, CDCl3). 
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Spectrum 149. 13C NMR of 2-(diethoxymethyl)-4-(o-tolyloxy)pyridine (100 MHz, 293 K, CDCl3). 
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Spectrum 150. 1H NMR of (E)-4-(o-tolyloxy)picolinaldehyde oxime (400 MHz, 293 K, DMSO-d6). 
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Spectrum 151. 13C NMR of (E)-4-(o-tolyloxy)picolinaldehyde oxime (100 MHz, 293 K, DMSO-d6). 
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Spectrum 152. 1H NMR of (E)-2-((hydroxyimino)methyl)-1-methyl-4-(o-tolyloxy)pyridin-1-ium iodide (ADG3110) 

(400 MHz, 293 K, DMSO-d6). 
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Spectrum 153. 13C NMR of (E)-2-((hydroxyimino)methyl)-1-methyl-4-(o-tolyloxy)pyridin-1-ium iodide 

(ADG3110) (100 MHz, 293 K, DMSO-d6). 
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Spectrum 154. 1H NMR of 2-(diethoxymethyl)-4-(m-tolyloxy)pyridine (300 MHz, 293 K, CDCl3). 
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Spectrum 155. 13C NMR of 2-(diethoxymethyl)-4-(m-tolyloxy)pyridine (100 MHz, 293 K, CDCl3). 
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Spectrum 156. 1H NMR of (E)-4-(m-tolyloxy)picolinaldehyde oxime (400 MHz, 293 K, DMSO-d6). 
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Spectrum 157. 13C NMR of (E)-4-(m-tolyloxy)picolinaldehyde oxime (100 MHz, 293 K, DMSO-d6). 
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Spectrum 158. 1H NMR of (E)-2-((hydroxyimino)methyl)-1-methyl-4-(m-tolyloxy)pyridin-1-ium iodide 

(ADG3111) (400 MHz, 293 K, DMSO-d6). 
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Spectrum 159. 13C NMR of (E)-2-((hydroxyimino)methyl)-1-methyl-4-(m-tolyloxy)pyridin-1-ium iodide 

(ADG3111) (100 MHz, 293 K, DMSO-d6). 



 472 

 

Spectrum 160. 1H NMR of 2-(diethoxymethyl)-4-(p-tolyloxy)pyridine (400 MHz, 293 K, CDCl3). 
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Spectrum 161. 13C NMR of 2-(diethoxymethyl)-4-(p-tolyloxy)pyridine (100 MHz, 293 K, CDCl3). 



 474 

 

Spectrum 162. 1H NMR of (E)-4-(p-tolyloxy)picolinaldehyde oxime (400 MHz, 293 K, DMSO-d6). 



 475 

 

Spectrum 163. 13C NMR of (E)-4-(p-tolyloxy)picolinaldehyde oxime (100 MHz, 293 K, DMSO-d6). 



 476 

 

Spectrum 164. 1H NMR of (E)-2-((hydroxyimino)methyl)-1-methyl-4-(p-tolyloxy)pyridin-1-ium iodide (ADG3092) 

(400 MHz, 293 K, DMSO-d6). 
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Spectrum 165. 13C NMR of (E)-2-((hydroxyimino)methyl)-1-methyl-4-(p-tolyloxy)pyridin-1-ium iodide 

(ADG3092) (100 MHz, 293 K, DMSO-d6). 
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Spectrum 166. 1H NMR of 2-(diethoxymethyl)-4-(o-tolylthio)pyridine (400 MHz, 293 K, DMSO-d6). 
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Spectrum 167. 13C NMR of 2-(diethoxymethyl)-4-(o-tolylthio)pyridine (100 MHz, 293 K, DMSO-d6). 
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Spectrum 168. 1H NMR of (E)-4-(o-tolylthio)picolinaldehyde oxime (400 MHz, 293 K, DMSO-d6). 
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Spectrum 169. 13C NMR of (E)-4-(o-tolylthio)picolinaldehyde oxime (100 MHz, 293 K, DMSO-d6). 



 482 

 

Spectrum 170. 1H NMR of (E)-2-((hydroxyimino)methyl)-1-methyl-4-(o-tolylthio)pyridin-1-ium iodide (ADG4122) 

(400 MHz, 293 K, DMSO-d6). 



 483 

 

Spectrum 171. 13C NMR of (E)-2-((hydroxyimino)methyl)-1-methyl-4-(o-tolylthio)pyridin-1-ium iodide 

(ADG4122) (100 MHz, 293 K, DMSO-d6). 
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Spectrum 172. 1H NMR of 2-(diethoxymethyl)-4-(m-tolylthio)pyridine (400 MHz, 293 K, CDCl3). 
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Spectrum 173. 13C NMR of 2-(diethoxymethyl)-4-(m-tolylthio)pyridine (100 MHz, 293 K, CDCl3). 
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Spectrum 174. 1H NMR of (E)-4-(m-tolylthio)picolinaldehyde oxime (300 MHz, 293 K, DMSO-d6). 



 487 

 

Spectrum 175. 13C NMR of (E)-4-(m-tolylthio)picolinaldehyde oxime (100 MHz, 293 K, DMSO-d6). 
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Spectrum 176. 1H NMR of (E)-2-((hydroxyimino)methyl)-1-methyl-4-(m-tolylthio)pyridin-1-ium iodide 

(ADG4086) (300 MHz, 293 K, DMSO-d6). 
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Spectrum 177. 13C NMR of (E)-2-((hydroxyimino)methyl)-1-methyl-4-(m-tolylthio)pyridin-1-ium iodide 

(ADG4086) (100 MHz, 293 K, DMSO-d6). 



 490 

 

Spectrum 178. 1H NMR of 2-(diethoxymethyl)-4-(p-tolylthio)pyridine (400 MHz, 293 K, DMSO-d6). 



 491 

 

Spectrum 179. 13C NMR of 2-(diethoxymethyl)-4-(p-tolylthio)pyridine (100 MHz, 293 K, DMSO-d6). 



 492 

 

Spectrum 180. 1H NMR of (E)-4-(p-tolylthio)picolinaldehyde oxime (300 MHz, 293 K, DMSO-d6). 



 493 

 

Spectrum 181. 13C NMR of (E)-4-(p-tolylthio)picolinaldehyde oxime (100 MHz, 293 K, DMSO-d6). 



 494 

 

Spectrum 182. 1H NMR of (E)-2-((hydroxyimino)methyl)-1-methyl-4-(p-tolylthio)pyridin-1-ium iodide (ADG4094) 

(400 MHz, 293 K, CD3OD). 



 495 

 

Spectrum 183. 13C NMR of (E)-2-((hydroxyimino)methyl)-1-methyl-4-(p-tolylthio)pyridin-1-ium iodide 

(ADG4094) (100 MHz, 293 K, CD3OD). 
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Spectrum 184. 1H NMR of 2-(diethoxymethyl)-4-(2-methoxyphenoxy)pyridine. (400 MHz, 293 K, CDCl3). 
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Spectrum 185. 13C NMR of 2-(diethoxymethyl)-4-(2-methoxyphenoxy)pyridine (100 MHz, 293 K, CDCl3). 
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Spectrum 186. 1H NMR of (E)-4-(2-methoxyphenoxy)picolinaldehyde oxime (400 MHz, 293 K, DMSO-d6). 
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Spectrum 187. 13C NMR of (E)-4-(2-methoxyphenoxy)picolinaldehyde oxime (100 MHz, 293 K, DMSO-d6). 
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Spectrum 188. 1H NMR of (E)-2-((hydroxyimino)methyl)-1-methyl-4-(2-methoxyphenoxy)pyridin-1-ium iodide 

(ADG3120) (300 MHz, 293 K, DMSO-d6). 
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Spectrum 189. 13C NMR of (E)-2-((hydroxyimino)methyl)-1-methyl-4-(2-methoxyphenoxy)pyridin-1-ium iodide 

(ADG3120) (100 MHz, 293 K, DMSO-d6). 
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Spectrum 190. 1H NMR of 2-(diethoxymethyl)-4-(3-methoxyphenoxy)pyridine (400 MHz, 293 K, CDCl3). 
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Spectrum 191. 13C NMR of 2-(diethoxymethyl)-4-(3-methoxyphenoxy)pyridine (100 MHz, 293 K, CDCl3). 



 504 

 

Spectrum 192. 1H NMR of (E)-4-(3-methoxyphenoxy)picolinaldehyde oxime (400 MHz, 293 K, DMSO-d6). 
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Spectrum 193. 13C NMR of (E)-4-(3-methoxyphenoxy)picolinaldehyde oxime (100 MHz, 293 K, DMSO-d6). 
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Spectrum 194. 1H NMR of (E)-2-((hydroxyimino)methyl)-1-methyl-4-(3-methoxyphenoxy)pyridin-1-ium iodide 

(ADG3128) (400 MHz, 293 K, DMSO-d6). 
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Spectrum 195. 13C NMR of (E)-2-((hydroxyimino)methyl)-1-methyl-4-(3-methoxyphenoxy)pyridin-1-ium iodide 

(ADG3128) (100 MHz, 293 K, DMSO-d6). 
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Spectrum 196. 1H NMR of 2-(diethoxymethyl)-4-(4-methoxyphenoxy)pyridine (400 MHz, 293 K, CDCl3). 
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Spectrum 197. 13C NMR of 2-(diethoxymethyl)-4-(4-methoxyphenoxy)pyridine (100 MHz, 293 K, CDCl3). 
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Spectrum 198. 1H NMR of (E)-4-(4-methoxyphenoxy)picolinaldehyde oxime (400 MHz, 293 K, DMSO-d6). 
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Spectrum 199. 13C NMR of (E)-4-(4-methoxyphenoxy)picolinaldehyde oxime (100 MHz, 293 K, DMSO-d6). 
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Spectrum 200. 1H NMR of (E)-2-((hydroxyimino)methyl)-1-methyl-4-(4-methoxyphenoxy)pyridin-1-ium iodide 

(ADG3121) (400 MHz, 293 K, DMSO-d6). 



 513 

 

Spectrum 201. 13C NMR of (E)-2-((hydroxyimino)methyl)-1-methyl-4-(4-methoxyphenoxy)pyridin-1-ium iodide 

(ADG3121) (100 MHz, 293 K, DMSO-d6). 
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Spectrum 202. 1H NMR of 2-(diethoxymethyl)-4-((2-methoxyphenyl)thio)pyridine (400 MHz, 293 K, DMSO-d6). 
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Spectrum 203. 13C NMR of 2-(diethoxymethyl)-4-((2-methoxyphenyl)thio)pyridine (100 MHz, 293 K, DMSO-d6). 
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Spectrum 204. 1H NMR of (E)-4-((2-methoxyphenyl)thio)picolinaldehyde oxime (300 MHz, 293 K, DMSO-d6). 
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Spectrum 205. 13C NMR of (E)-4-((2-methoxyphenyl)thio)picolinaldehyde oxime (100 MHz, 293 K, DMSO-d6). 
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Spectrum 206. 1H NMR of (E)-2-((hydroxyimino)methyl)-4-((2-methoxyphenyl)thio)-1-methylpyridin-1-ium iodide 

(ADG4118) (400 MHz, 293 K, DMSO-d6). 



 519 

 

Spectrum 207. 13C NMR of (E)-2-((hydroxyimino)methyl)-4-((2-methoxyphenyl)thio)-1-methylpyridin-1-ium 

iodide (ADG4118) (100 MHz, 293 K, DMSO-d6). 



 520 

 

Spectrum 208. 1H NMR of 2-(diethoxymethyl)-4-((3-methoxyphenyl)thio)pyridine (400 MHz, 293 K, CDCl3). 
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Spectrum 209. 13C NMR of 2-(diethoxymethyl)-4-((3-methoxyphenyl)thio)pyridine (100 MHz, 293 K, CDCl3). 



 522 

 

Spectrum 210. 1H NMR of (E)-4-((3-methoxyphenyl)thio)picolinaldehyde oxime (400 MHz, 293 K, DMSO-d6). 



 523 

 

Spectrum 211. 13C NMR of (E)-4-((3-methoxyphenyl)thio)picolinaldehyde oxime (100 MHz, 293 K, DMSO-d6). 



 524 

 

Spectrum 212. 1H NMR of (E)-2-((hydroxyimino)methyl)-4-((3-methoxyphenyl)thio)-1-methylpyridin-1-ium iodide 

(ADG4153) (400 MHz, 293 K, CD3OD). 



 525 

 

Spectrum 213. 13C NMR of (E)-2-((hydroxyimino)methyl)-4-((3-methoxyphenyl)thio)-1-methylpyridin-1-ium 

iodide (ADG4153) (100 MHz, 293 K, CD3OD). 
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Spectrum 214. 1H NMR of 2-(diethoxymethyl)-4-((4-methoxyphenyl)thio)pyridine (400 MHz, 293 K, DMSO-d6). 



 527 

 

Spectrum 215. 13C NMR of 2-(diethoxymethyl)-4-((4-methoxyphenyl)thio)pyridine (100 MHz, 293 K, DMSO-d6). 
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Spectrum 216. 1H NMR of (E)-4-((4-methoxyphenyl)thio)picolinaldehyde oxime (300 MHz, 293 K, DMSO-d6). 



 529 

 

Spectrum 217. 13C NMR of (E)-4-((4-methoxyphenyl)thio)picolinaldehyde oxime (100 MHz, 293 K, DMSO-d6). 
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Spectrum 218. 1H NMR of (E)-2-((hydroxyimino)methyl)-4-((4-methoxyphenyl)thio)-1-methylpyridin-1-ium iodide 

(ADG3192) (500 MHz, 293 K, CD3OD). 



 531 

 

Spectrum 219. 13C NMR of (E)-2-((hydroxyimino)methyl)-4-((4-methoxyphenyl)thio)-1-methylpyridin-1-ium 

iodide (ADG3192) (125 MHz, 293 K, CD3OD). 
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Spectrum 220. 1H NMR of 3-((2-(diethoxymethyl)pyridin-4-yl)oxy)phenol (300 MHz, 293 K, DMSO-d6). 



 533 

 

Spectrum 221. 13C NMR of 3-((2-(diethoxymethyl)pyridin-4-yl)oxy)phenol (100 MHz, 293 K, DMSO-d6). 
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Spectrum 222. 1H NMR of 2-(diethoxymethyl)-4-(3-isopropoxyphenoxy)pyridine (300 MHz, 293 K, DMSO-d6). 



 535 

 

Spectrum 223. 13C NMR of 2-(diethoxymethyl)-4-(3-isopropoxyphenoxy)pyridine (100 MHz, 293 K, DMSO-d6). 
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Spectrum 224. 1H NMR of (E)-4-(3-isopropoxyphenoxy)picolinaldehyde oxime (300 MHz, 293 K, DMSO-d6). 



 537 

 

Spectrum 225. 13C NMR of (E)-4-(3-isopropoxyphenoxy)picolinaldehyde oxime (100 MHz, 293 K, DMSO-d6). 



 538 

 

Spectrum 226. 1H NMR of (E)-2-((hydroxyimino)methyl)-1-methyl-4-(3-isopropoxyphenoxy)pyridin-1-ium iodide 

(ADG5044) (300 MHz, 293 K, CD3OD). 



 539 

 

Spectrum 227. 13C NMR of (E)-2-((hydroxyimino)methyl)-1-methyl-4-(3-isopropoxyphenoxy)pyridin-1-ium iodide 

(ADG5044) (100 MHz, 293 K, CD3OD). 



 540 

 

Spectrum 228. 1H NMR of 4-((2-(diethoxymethyl)pyridin-4-yl)oxy)phenol (300 MHz, 293 K, 1% w/w CD3OD in 

CDCl3). 
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Spectrum 229. 13C NMR of 4-((2-(diethoxymethyl)pyridin-4-yl)oxy)phenol (100 MHz, 293 K, CDCl3). 



 542 

 

Spectrum 230. 1H NMR of 2-(diethoxymethyl)-4-(4-isopropoxyphenoxy)pyridine (400 MHz, 293 K, DMSO-d6). 



 543 

 

Spectrum 231. 13C NMR of 2-(diethoxymethyl)-4-(4-isopropoxyphenoxy)pyridine (100 MHz, 293 K, DMSO-d6). 



 544 

 

Spectrum 232. 1H NMR of (E)-4-(4-isopropoxyphenoxy)picolinaldehyde oxime (400 MHz, 293 K, DMSO-d6). 



 545 

 

Spectrum 233. 13C NMR of (E)-4-(4-isopropoxyphenoxy)picolinaldehyde oxime (100 MHz, 293 K, DMSO-d6). 
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Spectrum 234. 1H NMR of (E)-2-((hydroxyimino)methyl)-1-methyl-4-(3-isopropoxyphenoxy)pyridin-1-ium iodide 

(ADG5045) (400 MHz, 293 K, CD3OD). 
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Spectrum 235. 13C NMR of 2-((hydroxyimino)methyl)-1-methyl-4-(3-isopropoxyphenoxy)pyridin-1-ium iodide 

(ADG5045) (100 MHz, 293 K, CD3OD). 
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Spectrum 236. 1H NMR of 2-(diethoxymethyl)-4-(3-phenoxyphenoxy)pyridine (400 MHz, 293 K, CDCl3). 
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Spectrum 237. 13C NMR of 2-(diethoxymethyl)-4-(3-phenoxyphenoxy)pyridine (100 MHz, 293 K, CDCl3). 



 550 

 

Spectrum 238. 1H NMR of (E)-4-(3-phenoxyphenoxy)picolinaldehyde oxime (300 MHz, 293 K, DMSO-d6). 



 551 

 

Spectrum 239. 13C NMR of (E)-4-(3-phenoxyphenoxy)picolinaldehyde oxime (100 MHz, 293 K, DMSO-d6). 



 552 

 

Spectrum 240. 1H NMR of (E)-2-((hydroxyimino)methyl)-1-methyl-4-(3-phenoxyphenoxy)pyridin-1-ium iodide 

(ADG4230) (400 MHz, 293 K, CD3OD). 
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Spectrum 241. 13C NMR of (E)-2-((hydroxyimino)methyl)-1-methyl-4-(3-phenoxyphenoxy)pyridin-1-ium iodide 

(ADG4230) (100 MHz, 293 K, CD3OD). 
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Spectrum 242. 1H NMR of 2-(diethoxymethyl)-4-(4-phenoxyphenoxy)pyridine (300 MHz, 293 K, CDCl3). 
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Spectrum 243. 13C NMR of 2-(diethoxymethyl)-4-(4-phenoxyphenoxy)pyridine (100 MHz, 293 K, CDCl3). 
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Spectrum 244. 1H NMR of (E)-4-(4-phenoxyphenoxy)picolinaldehyde oxime (500 MHz, 293 K, DMSO-d6). 
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Spectrum 245. 13C NMR of (E)-4-(4-phenoxyphenoxy)picolinaldehyde oxime (100 MHz, 293 K, DMSO-d6). 
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Spectrum 246. 1H NMR of (E)-2-((hydroxyimino)methyl)-1-methyl-4-(4-phenoxyphenoxy)pyridin-1-ium iodide 

(ADG4234) (400 MHz, 293 K, DMSO-d6). 
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Spectrum 247. 13C NMR of (E)-2-((hydroxyimino)methyl)-1-methyl-4-(4-phenoxyphenoxy)pyridin-1-ium iodide 

(ADG4234) (100 MHz, 293 K, DMSO-d6). 
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Spectrum 248. 1H NMR of 2-(diethoxymethyl)-4-(naphthalen-2-yloxy)pyridine (300 MHz, 293 K, DMSO-d6). 
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Spectrum 249. 13C NMR of 2-(diethoxymethyl)-4-(naphthalen-2-yloxy)pyridine (100 MHz, 293 K, DMSO-d6). 



 562 

 

Spectrum 250. 1H NMR of (E)-4-(naphthalen-2-yloxy)picolinaldehyde oxime (300 MHz, 293 K, DMSO-d6). 
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Spectrum 251. 13C NMR of (E)-4-(naphthalen-2-yloxy)picolinaldehyde oxime (100 MHz, 293 K, DMSO-d6). 



 564 

 

Spectrum 252. 1H NMR of (E)-2-((hydroxyimino)methyl)-1-methyl-4-(naphthalen-2-yloxy)pyridin-1-ium iodide 

(ADG4204) (300 MHz, 293 K, DMSO-d6). 



 565 

Spectrum 253. 13C NMR of (E)-2-((hydroxyimino)methyl)-1-methyl-4-(naphthalen-2-yloxy)pyridin-1-ium iodide 

(ADG4204) (100 MHz, 293 K, DMSO-d6). 
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Spectrum 254. 1H NMR of 2-(diethoxymethyl)-4-(naphthalen-2-ylthio)pyridine (300 MHz, 293 K, CDCl3). 
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Spectrum 255. 13C NMR of 2-(diethoxymethyl)-4-(naphthalen-2-ylthio)pyridine (100 MHz, 293 K, CDCl3). 
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Spectrum 256. 1H NMR of (E)-4-(naphthalen-2-ylthio)picolinaldehyde oxime (400 MHz, 293 K, DMSO-d6). 
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Spectrum 257. 13C NMR of (E)-4-(naphthalen-2-ylthio)picolinaldehyde oxime (100 MHz, 293 K, DMSO-d6). 



 570 

 

Spectrum 258. 1H NMR of (E)-2-((hydroxyimino)methyl)-1-methyl-4-(naphthalen-2-ylthio)pyridin-1-ium iodide 

(ADG4072) (400 MHz, 293 K, DMSO-d6). 



 571 

 

Spectrum 259. 13C NMR of (E)-2-((hydroxyimino)methyl)-1-methyl-4-(naphthalen-2-ylthio)pyridin-1-ium iodide 

(ADG4072) (100 MHz, 293 K, DMSO-d6). 
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Spectrum 260. 1H NMR of 6-(trifluoromethyl)naphthalene-2-thiol (400 MHz, 293 K, CDCl3). 
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Spectrum 261. 1H NMR of 2-(diethoxymethyl)-4-((6-(trifluoromethyl)naphthalen-2-yl)thio)pyridine (300 MHz, 293 

K, CDCl3). 
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Spectrum 262. 13C NMR of 2-(diethoxymethyl)-4-((6-(trifluoromethyl)naphthalen-2-yl)thio)pyridine (100 MHz, 293 

K, CDCl3). 
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Spectrum 263. 1H NMR of (E)-4-((6-(trifluoromethyl)naphthalen-2-yl)thio)picolinaldehyde oxime (400 MHz, 293 

K, CD3OD). 
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Spectrum 264. 13C NMR of (E)-4-((6-(trifluoromethyl)naphthalen-2-yl)thio)picolinaldehyde oxime (125 MHz, 293 

K, DMSO-d6). 
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Spectrum 265. 1H NMR of (E)-2-((hydroxyimino)methyl)-1-methyl-4-((6-(trifluoromethyl)naphthalen-2-

yl)thio)pyridin-1-ium iodide (ADG4145) (400 MHz, 293 K, CD3OD). 



 578 

 

Spectrum 266. 13C NMR of (E)-2-((hydroxyimino)methyl)-1-methyl-4-((6-(trifluoromethyl)naphthalen-2-

yl)thio)pyridin-1-ium iodide (ADG4145) (100 MHz, 293 K, CD3OD). 
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Spectrum 267. 1H NMR for 2-(dimethoxymethyl)-4-(phenylethynyl)pyridine (400 MHz, 293 K, DMSO-d6). 



 580 

 

Spectrum 268. 13C NMR for 2-(dimethoxymethyl)-4-(phenylethynyl)pyridine (100 MHz, 293 K, DMSO-d6). 



 581 

 

Spectrum 269. 1H NMR for (E)-4-(phenylethynyl)picolinaldehyde oxime (400 MHz, 293 K, DMSO-d6). 



 582 

 

Spectrum 270. 13C NMR for (E)-4-(phenylethynyl)picolinaldehyde oxime (75 MHz, 293 K, DMSO-d6). 



 583 

 

Spectrum 271. 1H NMR for (E)-2-[(hydroxyimino)methyl]-1-methyl-4-(phenylethynyl)pyridin-1-ium iodide 

(ADG2173) (300 MHz, 293 K, DMSO-d6). 



 584 

 

Spectrum 272. 13C NMR for (E)-2-[(hydroxyimino)methyl]-1-methyl-4-(phenylethynyl)pyridin-1-ium iodide 

(ADG2173) (75 MHz, 293 K, DMSO-d6). 



 585 

 

Spectrum 273. 1H NMR for 2-(dimethoxymethyl)-4-phenethylpyridine (400 MHz, 293 K, DMSO-d6). 



 586 

 

Spectrum 274. 13C NMR for 2-(dimethoxymethyl)-4-phenethylpyridine (75 MHz, 293 K, CDCl3). 



 587 

 

Spectrum 275. 1H NMR for (E)-4-phenethylpicolinaldehyde oxime (500 MHz, 293 K, DMSO-d6). 



 588 

 

Spectrum 276. 13C NMR for (E)-4-phenethylpicolinaldehyde oxime (75 MHz, 293 K, DMSO-d6). 



 589 

 

Spectrum 277. 1H NMR for (E)-2-((hydroxyimino)methyl)-1-methyl-4-phenethylpyridin-1-ium iodide (ADG2180) 

(400 MHz, 293 K, DMSO-d6). 
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Spectrum 278. 13C NMR for (E)-2-((hydroxyimino)methyl)-1-methyl-4-phenethylpyridin-1-ium iodide (ADG2180) 

(75 MHz, 293 K, DMSO-d6). 



 591 

 

Spectrum 279. 1H NMR of 4-methylbenzenesulfonyl azide (400 MHz, 293 K, CDCl3). 



 592 

 

Spectrum 280. 1H NMR of dimethyl (1-diazo-2-oxopropyl)phosphonate (300 MHz, 293 K, CDCl3). 



 593 

 

Spectrum 281. 1H NMR of 1-ethynyl-3-nitrobenzene (300 MHz, 293 K, CDCl3). 



 594 

 

Spectrum 282. 1H NMR of 2-(dimethoxymethyl)-4-((trimethylsilyl)ethynyl)pyridine (400 MHz, 293 K, DMSO-d6). 



 595 

 

Spectrum 283. 13C NMR of 2-(dimethoxymethyl)-4-((trimethylsilyl)ethynyl)pyridine (100 MHz, 293 K, DMSO-d6). 



 596 

 

Spectrum 284. 1H NMR of 2-(dimethoxymethyl)-4-((3-nitrophenyl)ethynyl)pyridine (300 MHz, 293 K, CDCl3). 
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Spectrum 285. 13C NMR of 2-(dimethoxymethyl)-4-((3-nitrophenyl)ethynyl)pyridine (100 MHz, 293 K, CDCl3). 



 598 

 

Spectrum 286. 1H NMR of 3-(2-(2-(dimethoxymethyl)pyridin-4-yl)ethyl)aniline (300 MHz, 293 K, CDCl3). 
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Spectrum 287. 13C NMR of 3-(2-(2-(dimethoxymethyl)pyridin-4-yl)ethyl)aniline (100 MHz, 293 K, CDCl3). 



 600 

 

Spectrum 288. 1H NMR of N-(3-(2-(2-(dimethoxymethyl)pyridin-4-yl)ethyl)phenyl)propionamide (400 MHz, 293 

K, DMSO-d6). 
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Spectrum 289. 13C NMR of N-(3-(2-(2-(dimethoxymethyl)pyridin-4-yl)ethyl)phenyl)propionamide (100 MHz, 293 

K, DMSO-d6). 
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Spectrum 290. 1H NMR for 2-(dimethoxymethyl)-4-((3-methoxyphenyl)ethynyl)pyridine (400 MHz, 293 K, 

DMSO-d6). 



 603 

 

Spectrum 291. 13C NMR for 2-(dimethoxymethyl)-4-((3-methoxyphenyl)ethynyl)pyridine (100 MHz, 293 K, 

DMSO-d6). 



 604 

 

Spectrum 292. 1H NMR for 2-(dimethoxymethyl)-4-(3-methoxyphenethyl)pyridine (400 MHz, 293 K, acetone-d6). 



 605 

 

Spectrum 293. 13C NMR for 2-(dimethoxymethyl)-4-(3-methoxyphenethyl)pyridine (100 MHz, 293 K, acetone-d6). 



 606 

 

Spectrum 294. 1H NMR for (E)-4-(3-methoxyphenethyl)picolinaldehyde oxime (400 MHz, 293 K, CD3OD). 
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Spectrum 295. 13C NMR for (E)-4-(3-methoxyphenethyl)picolinaldehyde oxime (100 MHz, 293 K, CD3OD). 



 608 

 

Spectrum 296. 1H NMR for (E)-2-((hydroxyimino)methyl)-4-(3-methoxyphenethyl)-1-methylpyridin-1-ium iodide 

(ADG4063) (300 MHz, 293 K, DMSO-d6). 



 609 

 

Spectrum 297. 13C NMR for (E)-2-((hydroxyimino)methyl)-4-(3-methoxyphenethyl)-1-methylpyridin-1-ium iodide 

(ADG4063) (100 MHz, 293 K, DMSO-d6). 
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Spectrum 298. 1H NMR of 3-isopropoxybenzaldehyde (400 MHz, 293 K, CDCl3). 



 611 

Spectrum 299. 1H NMR for 1-ethynyl-3-isopropoxybenzene (300 MHz, 293 K, CDCl3). 



 612 

 

Spectrum 300. 1H NMR for 1-bromo-3-isopropoxybenzene (300 MHz, 293 K, CDCl3). 
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Spectrum 301. 1H NMR for ((3-isopropoxyphenyl)ethynyl)trimethylsilane (400 MHz, 293 K, CDCl3). 
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Spectrum 302. 1H NMR for 1-ethynyl-3-isopropoxybenzene (300 MHz, 293 K, CDCl3). 
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Spectrum 303. 1H NMR for 2-(dimethoxymethyl)-4-((3-isopropoxyphenyl)ethynyl)pyridine (400 MHz, 293 K, 

acetone-d6). 
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Spectrum 304. 13C NMR for 2-(dimethoxymethyl)-4-((3-isopropoxyphenyl)ethynyl)pyridine (100 MHz, 293 K, 

acetone-d6). 
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Spectrum 305. 1H NMR for 2-(dimethoxymethyl)-4-(3-isopropoxyphenethyl)pyridine (400 MHz, 293 K, CDCl3). 
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Spectrum 306. 13C NMR for 2-(dimethoxymethyl)-4-(3-isopropoxyphenethyl)pyridine (100 MHz, 293 K, CDCl3). 
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Spectrum 307. 1H NMR for (E)-4-(3-isopropoxyphenethyl)picolinaldehyde oxime (400 MHz, 293 K, DMSO-d6). 



 620 

 

Spectrum 308. 13C NMR for (E)-4-(3-isopropoxyphenethyl)picolinaldehyde oxime (100 MHz, 293 K, DMSO-d6). 
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Spectrum 309. 1H NMR for (E)-2-((hydroxyimino)methyl)-4-(3-isopropoxyphenethyl)-1-methylpyridin-1-ium 

iodide (ADG4111) (400 MHz, 293 K, CD3OD). 
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Spectrum 310. 13C NMR for (E)-2-((hydroxyimino)methyl)-4-(3-isopropoxyphenethyl)-1-methylpyridin-1-ium 

iodide (ADG4111) (100 MHz, 293 K, CD3OD). 
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Spectrum 311. 1H NMR for 2-(dimethoxymethyl)-4-(3-phenylprop-1-yn-1-yl)pyridine (400 MHz, 293 K, acetone-d6). 



 624 

 

Spectrum 312. Expanded 1H NMR for 2-(dimethoxymethyl)-4-(3-phenylprop-1-yn-1-yl)pyridine (400 MHz, 293 K, 

acetone-d6). 
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Spectrum 313. 13C NMR for 2-(dimethoxymethyl)-4-(3-phenylprop-1-yn-1-yl)pyridine (100 MHz, 293 K, acetone-

d6). 
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Spectrum 314. 1H NMR for 2-(dimethoxymethyl)-4-(3-phenylpropyl)pyridine (400 MHz, 293 K, DMSO-d6). 



 627 

 

Spectrum 315. 13C NMR for 2-(dimethoxymethyl)-4-(3-phenylpropyl)pyridine (100 MHz, 293 K, DMSO-d6). 
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Spectrum 316. 1H NMR for (E)-4-(3-phenylpropyl)picolinaldehyde oxime (500 MHz, 293 K, DMSO-d6). 



 629 

 

Spectrum 317. 13C NMR for (E)-4-(3-phenylpropyl)picolinaldehyde oxime (125 MHz, 293 K, DMSO-d6). 
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Spectrum 318. 1H NMR for (E)-2-((hydroxyimino)methyl)-1-methyl-4-(3-phenylpropyl)pyridin-1-ium (ADG4300) 

(400 MHz, 293 K, CD3OD). 



 631 

 

Spectrum 319. 13C NMR for (E)-2-((hydroxyimino)methyl)-1-methyl-4-(3-phenylpropyl)pyridin-1-ium (ADG4300) 

(100 MHz, 293 K, CD3OD). 
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Spectrum 320. 1H NMR for 2-(dimethoxymethyl)-4-(4-phenylbut-1-yn-1-yl)pyridine (300 MHz, 293 K, acetone-d6). 
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Spectrum 321. 13C NMR for 2-(dimethoxymethyl)-4-(4-phenylbut-1-yn-1-yl)pyridine (100 MHz, 293 K, acetone-

d6). 
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Spectrum 322. 1H NMR for 2-(dimethoxymethyl)-4-(4-phenylbutyl)pyridine (400 MHz, 293 K, DMSO-d6). 



 635 

 

Spectrum 323. 13C NMR for 2-(dimethoxymethyl)-4-(4-phenylbutyl)pyridine (100 MHz, 293 K, DMSO-d6). 
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Spectrum 324. 1H NMR for (E)-4-(4-phenylbutyl)picolinaldehyde oxime (400 MHz, 293 K, DMSO-d6). 



 637 

 

Spectrum 325. 13C NMR for (E)-4-(4-phenylbutyl)picolinaldehyde oxime (100 MHz, 293 K, DMSO-d6). 



 638 

 

Spectrum 326. 1H NMR for (E)-2-((hydroxyimino)methyl)-1-methyl-4-(4-phenylbutyl)pyridin-1-ium iodide 

(ADG4244) (300 MHz, 293 K, DMSO-d6). 



 639 

 

Spectrum 327. 13C NMR for (E)-2-((hydroxyimino)methyl)-4-(3-isopropoxyphenethyl)-1-methylpyridin-1-ium 

iodide (ADG4244) (100 MHz, 293 K, DMSO-d6). 



 640 

 

Spectrum 328. 1H NMR for 2-(dimethoxymethyl)-4-(5-phenylpent-1-yn-1-yl)pyridine (400 MHz, 293 K, acetone-

d6). 



 641 

 

Spectrum 329. 13C NMR for 2-(dimethoxymethyl)-4-(5-phenylpent-1-yn-1-yl)pyridine (100 MHz, 293 K, acetone-

d6). 



 642 

 

Spectrum 330. 1H NMR for 2-(dimethoxymethyl)-4-(5-phenylpentyl)pyridine (300 MHz, 293 K, acetone-d6). 



 643 

 

Spectrum 331. 13C NMR for 2-(dimethoxymethyl)-4-(5-phenylpentyl)pyridine (100 MHz, 293 K, acetone-d6). 



 644 

 

Spectrum 332. 1H NMR for (E)-4-(5-phenylpentyl)picolinaldehyde oxime (400 MHz, 293 K, CD3OD). 



 645 

 

Spectrum 333. 13C NMR for (E)-4-(5-phenylpentyl)picolinaldehyde oxime (100 MHz, 293 K, CD3OD). 



 646 

 

Spectrum 334. 1H NMR for (E)-2-((hydroxyimino)methyl)-1-methyl-4-(5-phenylpentyl)pyridin-1-ium iodide 

(ADG4282) (300 MHz, 293 K, CD3OD). 
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Spectrum 335. 13C NMR for (E)-2-((hydroxyimino)methyl)-1-methyl-4-(5-phenylpentyl)pyridin-1-ium iodide 

(ADG4282) (125 MHz, 293 K, CD3OD). 
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Spectrum 336. 1H NMR for 4-(benzyloxy)-2-(diethoxymethyl)pyridine (400 MHz, 293 K, CDCl3). 
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Spectrum 337. 13C NMR for 4-(benzyloxy)-2-(diethoxymethyl)pyridine (100 MHz, 293 K, CDCl3). 
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Spectrum 338. 1H NMR for (E)-4-(benzyloxy)picolinaldehyde oxime (300 MHz, 293 K, DMSO-d6). 
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Spectrum 339. 13C NMR for (E)-4-(benzyloxy)picolinaldehyde oxime (100 MHz, 293 K, DMSO-d6). 
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Spectrum 340. 1H NMR for (E)-4-(benzyloxy)-2-((hydroxyimino)methyl)-1-methylpyridin-1-ium iodide 

(ADG3254) (400 MHz, 293 K, DMSO-d6). 



 653 

 

Spectrum 341. 13C NMR for (E)-4-(benzyloxy)-2-((hydroxyimino)methyl)-1-methylpyridin-1-ium iodide 

(ADG3254) (125 MHz, 293 K, DMSO-d6). 
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Spectrum 342. 1H NMR for 2-(diethoxymethyl)-4-phenethoxypyridine (300 MHz, 293 K, DMSO-d6). 
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Spectrum 343. 13C NMR for 2-(diethoxymethyl)-4-phenethoxypyridine (100 MHz, 293 K, DMSO-d6). 



 656 

 

Spectrum 344. 1H NMR for (E)-4-phenethoxypicolinaldehyde oxime (300 MHz, 293 K, DMSO-d6). 



 657 

 

Spectrum 345. 13C NMR for (E)-4-phenethoxypicolinaldehyde oxime (100 MHz, 293 K, DMSO-d6). 



 658 

 

Spectrum 346. 1H NMR for (E)-2-((hydroxyimino)methyl)-1-methyl-4-phenethoxypyridin-1-ium iodide 

(ADG4250) (400 MHz, 293 K, DMSO-d6). 



 659 

 

Spectrum 347. 13C NMR for (E)-2-((hydroxyimino)methyl)-1-methyl-4-phenethoxypyridin-1-ium iodide 

(ADG4250) (125 MHz, 293 K, DMSO-d6). 
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Spectrum 348. 1H NMR for 2-(diethoxymethyl)-4-(3-phenylpropoxy)pyridine (300 MHz, 293 K, DMSO-d6). 
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Spectrum 349. 13C NMR for 2-(diethoxymethyl)-4-(3-phenylpropoxy)pyridine (100 MHz, 293 K, DMSO-d6). 



 662 

 

Spectrum 350. 1H NMR for (E)-4-(3-phenylpropoxy)picolinaldehyde oxime (300 MHz, 293 K, DMSO-d6). 



 663 

 

Spectrum 351. 13C NMR for (E)-4-(3-phenylpropoxy)picolinaldehyde oxime (100 MHz, 293 K, DMSO-d6). 



 664 

 

Spectrum 352. 1H NMR for (E)-2-((hydroxyimino)methyl)-1-methyl-4-(3-phenylpropoxy)pyridin-1-ium iodide 

(ADG4253) (400 MHz, 293 K, DMSO-d6). 
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Spectrum 353. 13C NMR for (E)-2-((hydroxyimino)methyl)-1-methyl-4-(3-phenylpropoxy)pyridin-1-ium iodide 

(ADG4253) (100 MHz, 293 K, DMSO-d6). 
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Spectrum 354. 1H NMR for 2-(diethoxymethyl)-4-(4-phenylbutoxy)pyridine (400 MHz, 293 K, DMSO-d6). 



 667 

 

Spectrum 355. 13C NMR for 2-(diethoxymethyl)-4-(4-phenylbutoxy)pyridine (100 MHz, 293 K, DMSO-d6). 



 668 

 

Spectrum 356. 1H NMR for (E)-4-(4-phenylbutoxy)picolinaldehyde oxime (400 MHz, 293 K, DMSO-d6). 



 669 

 

Spectrum 357. 13C NMR for (E)-4-(4-phenylbutoxy)picolinaldehyde oxime (100 MHz, 293 K, DMSO-d6). 



 670 

 

Spectrum 358. 1H NMR for (E)-2-((hydroxyimino)methyl)-1-methyl-4-(4-phenylbutoxy)pyridin-1-ium iodide 

(ADG4286) (400 MHz, 293 K, DMSO-d6). 



 671 

 

Spectrum 359. 13C NMR for (E)-2-((hydroxyimino)methyl)-1-methyl-4-(4-phenylbutoxy)pyridin-1-ium iodide 

(ADG4286) (100 MHz, 293 K, DMSO-d6). 



 672 

 

Spectrum 360. 1H NMR for 4-(2-bromophenoxy)-2-(diethoxymethyl)pyridine (400 MHz, 293 K, DMSO-d6). 



 673 

 

Spectrum 361. 13C NMR for 4-(2-bromophenoxy)-2-(diethoxymethyl)pyridine (100 MHz, 293 K, DMSO-d6). 



 674 

 

Spectrum 362. 1H NMR for 2-(diethoxymethyl)-4-(2-(phenylethynyl)phenoxy)pyridine (300 MHz, 293 K, DMSO-

d6). 
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Spectrum 363. 13C NMR for 2-(diethoxymethyl)-4-(2-(phenylethynyl)phenoxy)pyridine (100 MHz, 293 K, DMSO-

d6). 



 676 

 

Spectrum 364. 1H NMR for 2-(diethoxymethyl)-4-(2-phenethylphenoxy)pyridine (400 MHz, 293 K, DMSO-d6). 



 677 

 

Spectrum 365. 13C NMR for 2-(diethoxymethyl)-4-(2-phenethylphenoxy)pyridine (100 MHz, 293 K, DMSO-d6). 



 678 

 

Spectrum 366. 1H NMR for (E)-4-(2-phenethylphenoxy)picolinaldehyde oxime (500 MHz, 293 K, DMSO-d6)). 



 679 

 

Spectrum 367. 13C NMR for (E)-4-(2-phenethylphenoxy)picolinaldehyde oxime (125 MHz, 293 K, DMSO-d6). 
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Spectrum 368. 1H NMR for (E)-2-((hydroxyimino)methyl)-1-methyl-4-(2-phenethylphenoxy)pyridin-1-ium iodide 

(ADG4298) (400 MHz, 293 K, DMSO-d6). 



 681 

 

Spectrum 369. 13C NMR for (E)-2-((hydroxyimino)methyl)-1-methyl-4-(2-phenethylphenoxy)pyridin-1-ium iodide 

(ADG4298) (125 MHz, 293 K, DMSO-d6). 



 682 

 

Spectrum 370. 1H NMR for 4-(3-bromophenoxy)-2-(diethoxymethyl)pyridine (400 MHz, 293 K, DMSO-d6). 
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Spectrum 371. 13C NMR for 4-(3-bromophenoxy)-2-(diethoxymethyl)pyridine (100 MHz, 293 K, DMSO-d6). 



 684 

 

Spectrum 372. 1H NMR for 2-(diethoxymethyl)-4-(2-(phenylethynyl)phenoxy)pyridine (400 MHz, 293 K, DMSO-

d6). 



 685 

 

Spectrum 373. 13C NMR for 2-(diethoxymethyl)-4-(2-(phenylethynyl)phenoxy)pyridine (100 MHz, 293 K, DMSO-

d6). 
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Spectrum 374. 1H NMR for 2-(diethoxymethyl)-4-(3-phenethylphenoxy)pyridine (300 MHz, 293 K, DMSO-d6). 



 687 

 

Spectrum 375. 13C NMR for 2-(diethoxymethyl)-4-(3-phenethylphenoxy)pyridine (100 MHz, 293 K, DMSO-d6). 



 688 

 

Spectrum 376. 1H NMR for (E)-4-(3-phenethylphenoxy)picolinaldehyde oxime (400 MHz, 293 K, DMSO-d6). 



 689 

 

Spectrum 377. 13C NMR for (E)-4-(3-phenethylphenoxy)picolinaldehyde oxime (100 MHz, 293 K, DMSO-d6). 



 690 

 

Spectrum 378. 1H NMR for (E)-2-((hydroxyimino)methyl)-1-methyl-4-(3-phenethylphenoxy)pyridin-1-ium iodide 

(ADG4291) (300 MHz, 293 K, DMSO-d6). 



 691 

 

Spectrum 379. 13C NMR for (E)-2-((hydroxyimino)methyl)-1-methyl-4-(3-phenethylphenoxy)pyridin-1-ium iodide 

(ADG4291) (100 MHz, 293 K, CD3OD). 



 692 

 

Spectrum 380. 1H NMR for 4-(4-bromophenoxy)-2-(diethoxymethyl)pyridine (400 MHz, 293 K, DMSO-d6). 



 693 

 

Spectrum 381. 13C NMR for 4-(4-bromophenoxy)-2-(diethoxymethyl)pyridine (100 MHz, 293 K, DMSO-d6). 



 694 

 

Spectrum 382. 1H NMR for 2-(diethoxymethyl)-4-(4-(phenylethynyl)phenoxy)pyridine (400 MHz, 293 K, CDCl3). 



 695 

 

Spectrum 383. 13C NMR for 2-(diethoxymethyl)-4-(4-(phenylethynyl)phenoxy)pyridine (100 MHz, 293 K, CDCl3). 



 696 

 

Spectrum 384. 1H NMR for 2-(diethoxymethyl)-4-(4-phenethylphenoxy)pyridine (300 MHz, 293 K, DMSO-d6). 



 697 

 

Spectrum 385. 13C NMR for 2-(diethoxymethyl)-4-(4-phenethylphenoxy)pyridine (100 MHz, 293 K, DMSO-d6). 



 698 

 

Spectrum 386. 1H NMR for (E)-4-(4-phenethylphenoxy)picolinaldehyde oxime (400 MHz, 293 K, DMSO-d6). 



 699 

 

Spectrum 387. 13C NMR for (E)-4-(4-phenethylphenoxy)picolinaldehyde oxime (75 MHz, 293 K, DMSO-d6). 



 700 

 

Spectrum 388. 1H NMR for (E)-2-((hydroxyimino)methyl)-1-methyl-4-(4-phenethylphenoxy)pyridin-1-ium iodide 

(ADG4278) (400 MHz, 293 K, CD3OD). 



 701 

 

Spectrum 389. 13C NMR for (E)-2-((hydroxyimino)methyl)-1-methyl-4-(4-phenethylphenoxy)pyridin-1-ium iodide 

(ADG4278) (100 MHz, 293 K, CD3OD). 
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