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Abstract

Myeloperoxidase (MPO) produces hypohalous acids as a key component of the innate immune 

response; however, release of these acids extracellularly results in inflammatory cell and tissue 

damage. The two-step, one-pot Davis-Beirut reaction was used to synthesize a library of 2H-

indazoles and 1H-indazolones as putative inhibitors of MPO. A structure-activity relationship 

study was undertaken wherein compounds were evaluated utilizing taurine-chloramine and MPO-

mediated H2O2 consumption assays. Docking studies as well as toxicophore and Lipinski analyses 

were performed. Fourteen compounds were found to be potent inhibitors with IC50 values <1 μM, 

suggesting these compounds could be considered as potential modulators of pro-oxidative tissue 

injury pertubated by the inflammatory MPO:H2O2:HOCl/HOBr system.
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1. Introduction

Myeloperoxidase (MPO), primarily found in azurophilic granules of polymorphonuclear 

neutrophils (PMNs), is a key component of the innate immune response.1–5 Specifically, 

MPO acts as an important antimicrobial effector through its enzymatic production of 

hypohalous acids (e.g. HOCl, HOBr). These acids promote phagosomal oxidative 
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antimicrobicidal activities, but if secreted or released extracellularly, can present a potent 

instigator of cell and tissue damage in the inflammatory milieu.2 Active MPO has been 

found in or associated with a variety of disorders including atherosclerosis, Alzheimer’s 

disease, neutrophil mediated glomerular injury, and idiopathic pulmonary fibrosis.2

Mediation of the effects of MPO related oxidative stress in patients with cystic fibrosis is a 

particularly pressing challenge. Cystic fibrosis (CF) is an autosomal recessive disease 

caused by mutations in a single gene encoding the glycoprotein CF transmembrane 

conductance regulator (CFTR). Loss of CFTR function in respiratory tract (RT) tissues 

results in a thickened, under-hydrated RT mucus secretion. This in turn leads to reduced 

mucociliary airway clearance, airway bacterial colonization, infection, and an overly 

exuberant dysregulated RT inflammatory response characterized by an intense airway 

neutrophil influx.6 Overactive recruited neutrophil effector proteolytic and oxidative 

processes are believed to represent the most debilitating feature of CF leading to 

progressively more severe RT disease and eventual RT failure, which characterizes end 

stage CF.6,7

Neutrophil-derived MPO, known to represent the strongest and most abundant oxidative 

effector system in neutrophils, is present in CF RT fluids in early stages of the disease8 and 

in increasingly large quantities in later stages of the disease.9 Indeed, both circulating and 

RT MPO levels have been found to correlate with disease severity in CF.7,10,11 MPO’s 

extracellular releases are suspected to play an important role in the pathophysiology of 

numerous other inflammatory diseases including both RT and cardiovascular diseases 

through its (i) direct oxidation and (ii) production of hypohalous acids.5,12–16

In CF patients with advanced RT disease, opportunities exist for the development of small 

molecules to target the major molecular components of the neutrophil proteolytic and 

oxidative related mediators of RT pathobiology.12,13 One such pathway is represented by 

MPO. Despite its high expression in CF RT disease,9,14 implications that MPO 

polymorphisms leading to greater levels of MPO expression are associated with more severe 

RT CF diseases,13,17 and recognition as a viable drug target18 with animal experimental 

evidence,19 we know of no studies to date that have directly addressed the effects of 

inhibition or absence of MPO in CF RT pathobiology. This is the case even though several 

promising recent experimental approaches have been designed to therapeutically target pro-

oxidative MPO activities.20,21

The structural similarity of 2H-indazoles to previously reported inhibitors, such as indoles 

and hydroxamic acids, inspired our exploration of their inhibitory activity. Furthermore, we 

hypothesized that 2H-indazoles and 1H-indazolones would have greater bioavailability due 

to the second polar nitrogen in the core scaffold. Specifically, we sought to examine chain 

length tolerance at the synthetically accessible N1, N2, and C3 positions as wells as the effect 

of polar, non-polar and aromatic substituents. Since terminal polar substituents on long alkyl 

chains have been shown to be a beneficial structural motif in previous MPO inhibitors,22 a 

subset of this initial library containing this feature was synthesized in hopes of replicating 

these previous successes. Herein, we describe the synthesis, computational analysis, 
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structure-activity relationship (SAR) insights, and evaluation of 2H-indazoles and 1H-

indazolones as inhibitors of MPO.

2. Results and Discussion

2.1 Chemistry

The 3-alkoxy-2H-indazoles employed in this study were prepared by the versatile Davis-

Beirut reaction (DBR)23–29 on 2-nitrobenzylamine 3, in turn prepared by one of two 

complimentary methods: (i) commercially available 2-nitrobenzyl bromide (1) was used to 

N-alkylate the requisite amine to form intermediate 3 (Scheme 1/Method A) or (ii) 3 was 

prepared by reductive amination of the requisite 2-nitrobenzaldehyde (Scheme 1/Method B). 

Regardless of the route to 3, this 2-nitrobenzylamine intermediate need not be isolated. 

Rather, the DBR is initiated by direct addition of alcoholic potassium hydroxide to the 

Method A or Method B reaction mixture containing 3, which leads to the targeted 3-

alkoxy-2H-indazole 4 in good to excellent overall yield (49–87% for this two-step, one-pot 

process).

Likewise, the 1H-indazolones (5 and 6; Scheme 1) employed in this study were prepared 

through one of two complimentary methods from the DBR-derived 3-alkoxy-2H-indazole 4. 

In the first method (C), 3-alkoxy-2H-indazole 4 was heated to 100 °C in 0.3 M methanolic 

H2SO4 to affect a proto-dealkylation (e.g., loss of R2) reaction to deliver the targeted N1-

unsubstituted 1H-indazolone 5 (52 – 94% yield). In the second method (D), N1-substituted 

1H-indazolone 6 was obtained by an electrophile-mediated domino N1-alkylation/O-

dealkylation process, which provides the targeted heterocycle in excellent yield (70–95%).

Finally, the R1-constrained 2H-indazole analogs – i.e., containing N2—C3 fused ring 

systems – employed in this study (see 9 ⇒ 7 and 12 ⇒ 11; Scheme 2) were obtained by 

intramolecular nucleophilic attack onto the corresponding DBR nitrosoimine intermediate 

(cf., 8 → 9). Conventionally, hydroxyl has been the internal nucleophile utilized in R1-

constrained DBRs, which provides access to oxazolino- (9; n = 1) and oxazino-2H-indazoles 

(9; n = 2; Scheme 2). However, recent advances have expanded the scope of the R1-

constrained DBR to include thiol as the internal nucleophile.30 In this modification, N-(2-

nitrobenzyl)-2-(trityl-thio)alkylamine 10, formed from 2 via Method B, is trityl deprotected 

with TFA to give thiol 11, which is then subjected to R1-constrained DBR conditions to 

deliver the thiazolino- (12a, b; n = 1) and thiazino-2H-indazoles (12b, c; n = 2) in 66 – 83% 

yield.

2.2 Molecular Docking

Computational docking, performed using FRED (OpenEye software suite),31–33 was utilized 

to help characterize interactions within the active site. Docking study validation was 

accomplished through comparative docking of the 5-fluoroindole scaffold described by 

Soubhye,22 and HX120 bound in the active site of MPO [Figure 1; (PDB ID 4C1M), RMSD 

docked vs. natural is 1.2 Å]. Also included in the docking studies was 4-aminobenzoic acid 

hydrazide, the internal control for the assays discussed herein, which consistently displayed 

an IC50 of 81 +/− 19 nM.
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These docking studies indicated that the 2H-indazoles, like previously reported inhibitors, 

likely sit in a stacked fashion over the heme lending credence to our inhibitor design 

approach. For example, compound 4a (Figure 2) is positioned in such a way that the alkyl 

chain on the N2-position extends out toward the hydrophobic pocket, while the aromatic 

core scaffold stacks over the pyrrole rings of the heme porphyrin.

2.3 Structure-Activity relationship

4-Aminobenzoic acid hydrazide was used as an internal control while MPO inhibitory 

activity was assessed using a taurine-chloramine assay to measure enzymatic hypochlorous 

acid production. Select IC50 values were confirmed utilizing a H2O2-specific electrode 

allowing for real time hydrogen peroxide concentration measurements (Supporting 

Information). Upon generation of an initial library of 2H-indazoles (Table 1), a consistent 

trend was found wherein, as the length of the chain increased, there was a dramatic decrease 

in inhibitory potency. For example, increasing the length of the chain from four (4f) to five 

(4g) carbons resulted in a three-fold decrease in potency. Compound 4l was included to 

ensure that this decrease in efficacy was not a result of reduced solubility. The compounds 

synthesized containing terminal polar substituents (4j – 4l, Table 1) failed to elicit a 

significant increase in inhibitory activity. It is possible that these modifications were not 

effective due to a change in orientation of the inhibitor with respect to the indole scaffold or 

because the alcohol moiety failed to carry a positive charge necessary to lower binding 

energy. A series of N2-aryl analogues (4m – 4q) was included to explore the effects of more 

rigid, hydrophobic substituents that likely extend into the pocket of the MPO active site, but 

these compounds failed to produce an appreciable increase in inhibitor activity.

Lastly, by lengthening the alkoxy substituent at C3, we also sought to probe the relationship 

between substituents on the 3-position of both scaffolds [e.g.; 4a -OMe → 4b -OEt → 4c –

O-(CH2)2OMe]. With this SAR study, we noted decreased inhibition of MPO as the length 

of the alkoxy chain was extended past two carbons. This trend is likely the result of 

increased inhibitor size within the relatively small distal portion of the active site.

As before, docking studies of the synthesized inhibitors indicate that the aromatic portion of 

the inhibitors is positioned in a π-stacking fashion over pyrrole ring D of the heme, while the 

hydrophobic portion extends into the cavernous hydrophobic pocket. If hydrogen bond 

donors are present, they are generally oriented toward the carboxylate groups of the heme. 

Because the same orientation was maintained, it followed that increasing steric bulk at the 

C3-position would decrease inhibitor activity due to the constraints of the active site. 

Interestingly, docking studies indicated that incorporation of the benzodioxole ring (4a → 

4d) changes the inhibitor orientation in the active site. Here, rather than the aromatic core of 

the inhibitor occupying the space directly above the iron, the inhibitor is shifted such that the 

benzodioxole ring is positioned above the heme iron center.

Owing to the presence of a basic nitrogen in the core scaffold and mildly acidic assay 

conditions, a portion of the inhibitor is expected to exist in the protonated form. Therefore, a 

protonated species of each molecule was docked for comparison. It was found that, in some 

cases, protonation created the opportunity for additional hydrogen bond and charge-charge 

interactions with the carboxylate groups of the heme. It should be noted that, in this 
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instance, a direct correlation between IC50 values and docking scores could not generally be 

obtained through the use of conventional docking programs.34

Interestingly, conversion of 3-alkoxy-2H-indazoles to the corresponding N1-substituted 1H-

indazolones resulted in significantly decreased inhibitory activity while the unsubstituted 

1H-indazolones retained inhibitory potency (Table 2). Docking studies indicate that if N1-

substituted 1H-indazolones were to enter the active site, they would likely adopt a pose 

similar to the N1-unsubstituted 1H-indazolones. We hypothesize that substituents at the N1-

position results in the loss of a crucial interaction with either the carboxylate groups of the 

heme or the glutamate anion within the active site.35 These observations are consistent with 

the findings of Sliskovic35 wherein N-alkylation of the indole scaffold resulted in reduced 

inhibitor potency. Based on these SAR results, it is clear that either the accessible lone pair 

or nucleophilic nitrogen is essential for inhibitory activity.35

When studying the 5-fluoroindole scaffold, Soubhye22 found that compounds with longer 

alkyl chains in the 3-position displayed better inhibitory efficacy than their “less greasy” 

counterparts. In the case of these indazolo analogues, it is interesting to note that increasing 

the length of the alkyl chain of N2 or C3 was only beneficial to a certain point. For example, 

a branched alkyl chain (isopropyl; 4a) was well tolerated, while an n-pentyl (4g) or n-octyl 

chain (4h) decreased inhibitory activity. It is important to note that increasing the length of 

an alkyl chain can cause issues with solubility or with the molecule’s ability to enter the 

active site, even if it may be beneficial within the active site.

We next set out to explore the use of constrained analogues of the 2H-indazole scaffold – 

i.e., containing N2—C3 fused ring systems – in hopes that this would facilitate passage 

through the narrow pore to the exposed heme. A series of both substituted and unsubstituted 

oxazolino- and oxazinoindazoles were synthesized. Also, taking advantage of newly 

developed methodology to access substituted and unsubstituted thiazolino- and thiazino-2H-

indazoles,30 we were able to explore variation of the heteroatom substituent at the C3-

position. Indeed, it was found that both ring size and the nature of the heteroatom are 

determining factors in inhibitory potency. Constraining the N2-position resulted in 

significantly increased inhibitory activity by possibly facilitating entrance into the active site 

(Table 3). Furthermore, by changing from an oxygen substituent (9c) to a sulfur substituent 

(12c) in the tethering ring, a 40% improvement in potency was observed. Additional 

improvement (56%) was observed when the tethering ring size was reduced from six- (12c) 

to five-membered [12a; note that the O-analog of 12a (i.e., “S” replaced with “O”), unlike 

substituted versions 9a and 9b, is unstable23]. Seeking to build upon these successes, we set 

out to incorporate the benzodioxole moiety into the S-constrained scaffold (i.e., 12a → 12b), 

which docking studies suggest causes a change in the orientation of the inhibitor in the 

active site (see Supporting Information/12b/pg S25). To our delight, incorporation of the 

1,3-benzodioxole ring provided markedly improved inhibitory activity (see 12b and 12d; 

Table 3) and we speculate that addition of the benzodioxole ring reduces the likelihood of 

electrophilic attack and/or MPO compound I mediated oxidation.36 To confirm that the 

observed active inhibitors 12a–d are the unoxidized thiazino- or thiazolino-systems, rather 

than the corresponding sulfoxides and/or sulfones, inhibitors 12a–d were treated with excess 

NaOCl and examined by liquid chromatography/mass spectrometry (LC/MS) at 1 h and 24 
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h. Only trace sulfoxide formation was detected at 24 h (detectable by MS, but not diode 

array).

Further computational analysis was undertaken to examine the drug-like properties for both 

classes of inhibitors using OpenEye software. As detailed in Table 4, the parameters 

examined included the presence of hydrogen bond donors (HBD) and hydrogen bond 

acceptors (HBA), LogP, 2D Polar Surface Area (PSA), and the potential for aggregation. It 

was found that, of the fourteen compounds which demonstrate potencies less than 1 μM, 

those containing less than two HBD and HBA’s scored better with our docking methods. It 

is interesting to note that even with relatively few HBD and HBA’s, active 2H-indazoles and 

1H-indazolones still maintain satisfactory calculated LogP vales. For example, compound 

12b was calculated to have a LogP of 1.72, while the protonated form of 4e, containing a 

comparatively greasy butyl substituent, has a calculated LogP of 3.94. In addition, Veber 

and Kopple found an increased probability of satisfactory oral bioavalibility through passive 

diffusion existed if compounds contained a PSA of less than 140 Å2 and fewer than ten 

rotatable bonds.37 Additionally, Hou and Xu found that reduced polar surface area and 

molecular weight below 350 Daltons facilitates passage through the blood brain barrier.38 

Efficient passage through this barrier could prove essential in the treatment of diseases such 

as multiple sclerosis, Alzheimer’s disease, and Parkinson’s disease through inhibition of 

MPO.2,39 Furthermore, it was found that all 2H-indazoles and 1H-indazolones were unlikely 

to act as aggregators based on a structure based screen. This analysis underwrites the further 

consideration of the potential efficacy of these compounds as drugs. A complete tabulation 

of this analysis is available in the Supporting Information.

3. Conclusion

A series of 2H-indazoles and 1H-indazolones were synthesized utilizing the Davis-Beirut 

reaction, and evaluated as potential MPO inhibitors. Fourteen of these compounds displayed 

potent IC50 values (nanomolar range) as assessed utilizing taurine-chloramine inhibition and 

H2O2 consumption assays. Compounds containing N1-substituents were not effective 

inhibitors, while compounds with relatively small substituents at N2 and C3 were most 

active. The most potent compounds in the series were constrained 2H-indazole analogues – 

i.e., containing N2—C3 fused ring systems – with the most potent also incorporating a 1,3-

benzodioxole ring. The present data suggests that, like the 2-thioxanthines,21 the recently 

described modified hydroxamates,20 the tetramethyl and tetraethyl nitroxides 40 and targeted 

MPO-modulating oligopeptide,41 2H-indazoles and 1H-indazolones should be considered 

for possible therapeutic inhibition of unwarranted MPO activity in inflammatory diseases 

characterized by episodes of heightened neutrophil activation and convincing evidences of 

MPO-related pro-oxidative tissue injury. Such investigations will need to take into 

consideration toxicology and pharmacokinetic activities in complex biological fluids such as 

plasma, joint fluids, respiratory tract mucus secretions, and in complex inflammatory milieu.

Roth et al. Page 6

Bioorg Med Chem. Author manuscript; available in PMC 2015 November 15.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



4. Experimental

4.1 Docking protocols

All docking was performed using the OpenEye Suite of programs.31–33 A receptor to model 

the MPO active site was set up using the Protein Data Bank (PDB) file 4C1M20 utilizing the 

FRED receptor program. The series of molecules studied herein were built using Gaussview 

5.0.9 associated with Gaussian0942 and saved as a library (.oeb.gz). The 5-fluoroindole with 

inhibitory activity previously published by Soubhye22 was included in this library to ensure 

that our docking methods were sound. All small molecules in the library were subject to a 

conformational search using Omega2. The conformers of each small molecule were then 

docked into the active site using FRED. Chemgauss3 scoring was employed.

4.2 Taurine chlorination assay

Taurine chloramine was measured using a modified method from Dypbukt et al.43 In a 

volume of 125 μL, the final reaction mixture contained 6.8 mM taurine, 2nM MPO, 105 mM 

NaCl, and various inhibitor concentrations in 20 mM phosphate buffer, pH 6.5. The reaction 

was initiated with 40 μM H2O2, and after 5 min. was terminated with the addition of 4 ug 

catalase. To determine the amount of taurine chloramine produced, an equal volume of color 

developing solution containing 500 uM 3,3′,5,5′-Tetramethylbenzidine and 100 μM sodium 

iodide in 300 mM acetate buffer, pH 5.4. Absorbance was measured in a spectrophotometric 

microplate reader (PowerWave; Biotek Instruments Inc.) at a wavelength of 650 nm.

4.3 H2O2 mediated MPO inhibition assay

H2O2 was measured using a H2O2-specific electrode (World Precision Instruments, 

Sarasota, FL). The electrode was submerged in a continuously stirred reaction vessel 

containing 30 μM H2O2, 154 mM NaCl, and various inhibitor concentrations in 10 mM 

phosphate buffer, pH 7.4. The reaction was initiated with the addition of 10 nM MPO. Data 

was collected using a free radical analyzer (World Precision Instruments, Sarasota, FL) and 

a PowerLab data acquisition system (ADInstruments, Colorado Springs, CO).

4.4 Chemistry

All solvents and reagents were purchased from commercial suppliers and used without 

further purification. For reactions run in sealed microwave vials, oven-dried Biotage® 5–10 

mL or 10–20 mL vials containing a Teflon-coated stirrer bar and sealed with a Teflon-lined 

septum were used. Analytical thin layer chromatography was carried out on pre-coated 

plates (Silica gel 60 F254, 250 μm thickness) and visualized with UV light. Flash 

chromatography was performed with 60 Å, 35–70 μM silica gel (Acros Organics). 

Concentration refers to rotary evaporation under reduced pressure.

1H NMR spectra were recorded on Varian spectrometers operating at 600 MHz at ambient 

temperature with CDCl3 or DMSO-d6 as solvent. 13C NMR spectra were recorded on 

Varian spectrometers operating at 150 MHz at ambient temperature with CDCl3 or DMSO- 

d6 as solvent. Data for 1H NMR are recorded as follows: chemical shift (δ, ppm), 

multiplicity (s, singlet; d, doublet; t, triplet; q, quartet; quint, quintet; m, multiplet; br, broad; 

app, apparent), integration, coupling constant (Hz). Chemical shifts are reported in parts per 
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million relative to CDCl3 (1H, δ 7.26, 13C, δ 77.16), DMSO (1H, δ 2.50, 13C, δ 39.5) or 

TMS (1H, δ 0.00, 13C, δ 0.00). Infrared spectra were recorded on an ATI-FTIR 

spectrometer. The specifications of the LC/MS are as follows: electrospray (+) ionization, 

mass range 150–1500 Da, 20 V cone voltage, and Xterra MS C18 column (2.1 mm x 50 mm 

x 3.5 μm).

4.4.1 General procedure for synthesis of 3-alkoxy-2H-indazoles – Method A 
(4a–4l)—2-Nitrobenzyl bromide (15.31 mmol) was dissolved in alcoholic solvent (typically 

MeOH or EtOH, 115 mL) and added dropwise to a stirring solution of requisite primary 

amine (61.2 mmol), DIPEA (61.2 mmol), and 38 mL of alcoholic solvent over 6 h and then 

left stirring overnight. Water (15 mL) and KOH (76.6 mmol) were then added and this 

mixture was heated at 60 °C for 24 h and monitored by thin layer chromatography. When 

the starting material had been consumed, 50 mL of water was added and the alcoholic 

solvent was removed under reduced pressure. This aqueous mixture was then extracted 

twice with dichloromethane. The combined organic extracts were washed with water and 

brine, dried over sodium sulfate, and concentrated. The crude mixture was purified by flash 

chromatography to afford the title compound.23

4.4.2 General procedure for preparation of 3-alkoxy-2H-Indazoles – Method B 
(4m–4p)—2-Nitrobenzaldehyde (5.22 mmol) and the requisite amine (6.26 mmol) were 

dissolved in alcoholic solvent (typically MeOH or EtOH, 13 mL) in a 250 mL round bottom 

flask. Glacial acetic acid (26.1 mmol) and sodium cyanoborohydride (6.26 mmol) were 

added and this solution was stirred at room temperature for 2.5 h. Additional alcoholic 

solvent (37 mL) and a solution of KOH (78.3 mmol) in water (6 mL) were added, a water-

cooled reflux condenser was attached and this solution was heated at reflux for 2 h. The 

reaction mixture was then cooled to room temperature, water (20 mL) was added, and the 

alcoholic solvent was removed by rotary evaporation. This aqueous mixture was then 

neutralized with 1N HCl and extracted with ethyl acetate (3 X 30 mL). The combined 

organic extracts were then washed with 1N HCl (40 mL), saturated sodium carbonate (40 

mL), water (40 mL), and brine (40 mL), dried over anhydrous sodium sulfate, and 

concentrated and purified by flash chromatography to afford the title compound.24

4.4.3 Synthesis of 2-(4-ethynylphenyl)-3-meth-oxy-2H-indazole (4q)—Compound 

4o (10.05 mmol) was added to a flame dried 250 mL round bottomed flask and dissolved in 

dry Tetrahydrofuran (16 mL) under Nitrogen gas. PdCl2(PPh3)2 (0.50 mmol), CuI (1.00 

mmol), and triethylamine (16 mL) were added and the reaction mixture cooled to 0 °C. 

Trimethylsilylacetylene (15.10 mmol) was added dropwise, then the reaction allowed to stir 

at room temperature. Formation of the protected silyl intermediate was complete after 1 h 

and 20 min. as shown by TLC. Approximately 5 g of sodium carbonate was added to the 

reaction and allowed to stir for 12 h to effect removal of silyl protecting group. Water (10 

mL) was added to the reaction and the reaction mixture was extracted with ethyl acetate (3 × 

30 mL). The organic extracts were combined, washed with brine, dried over anhydrous 

sodium sulfate, and purified by flash chromatography (10% ethyl acetate/hexanes) to afford 

4q (1.952 g, 78% yield) as an off-white solid.
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4.4.4 General procedures for the synthesis of substituted [1,3]oxazino[3,2-
b]indazoles and 2,3-dihydrooxazolo[3,2-b]indazoles (9a–9d)—2-Nitrobenzyl 

bromide (15.31 mmol) was dissolved in THF (115 mL) and added dropwise to a stirring 

solution of requisite amino alcohol (61.2 mmol), DIPEA (61.2 mmol), and 38 mL of 

isopropanol over 6 h and then left stirring overnight. Water (15 mL) and KOH (76.6 mmol) 

were then added and this mixture was heated at 60 °C for 24 h and monitored by thin layer 

chromatography. When the starting material had been consumed, 50 mL of water was added 

and the alcoholic solvent was removed under reduced pressure. This aqueous mixture was 

then extracted twice with dichloromethane. The combined organic extracts were washed 

with water and brine, dried over sodium sulfate, and concentrated. The crude mixture was 

purified by flash chromatography to afford the title compound. 25–27

4.4.5 General Procedure for conversion of 2H-indazoles into 1H-indazalones 
(5a–5f)—The precursor 2H-indazole (0.813 mmol) was dissolved in MeOH (4 mL) in a 

sealed microwave vial. H2SO4 (4.07 mmol) was added and heated at 100 °C overnight. This 

solution was then allowed to room temperature and neutralized with a saturated solution of 

NaHCO3. This aqueous solution was extracted with EtOAc (3 X 25 mL) and the combined 

organic extracts were dried over anhydrous sodium sulfate and concentrated. This crude 

material was then purified by flash chromatography to afford the title compound.28

4.4.6 General procedure for the synthesis of N1,N2-disubstituted-1H-
indazolones (6a–6f)—The requisite indazole (205 mg, 1.08 mmol) was added to a two-

neck round bottom flask fitted with a water-cooled reflux condenser and an N2 balloon, then 

dissolved in dry acetonitrile (10 mL). R2X (334 μL, 4.32 mmol) was added and the solution 

was heated at reflux until TLC analysis showed consumption of the indazole. The 

acetonitrile was then removed under reduced pressure and the crude material was dissolved 

in ethyl acetate (30 mL). This solution was then poured into saturated sodium carbonate (20 

mL) and the layers were separated. The organic extracts were then washed with water, brine, 

dried over sodium sulfate, and concentrated. This crude material was purified by flash 

chromatography to afford the title compound.29

4.4.7 General procedure for the synthesis of thiazolo- and thiazolino-2H-
indazoles (12a–12d)—2-Nitrobenzaldehyde or 6-nitropiperonal (1.1 eq) and requisite S-

trityl protected 1°-aminothioalkane (1 eq) were dissolved in MeOH (0.4 M) in a 50 mL 

round-bottomed flask. The solution was stirred until TLC showed consumption of the 

starting 1°-aminothioalkane. Sodium cyanoborohydride (2 eq) was added portionwise and 

this solution was stirred until TLC showed consumption of imine. The solution was 

concentrated and the resulting residue was redissolved in methylene chloride. The organic 

layer was washed twice with 1M HCl, dried over sodium sulfate and concentrated to ~15 

mL. To this solution was added an equal volume of TFA, followed by triethylsilane (3 eq). 

The solution was stirred for 30 min. then concentrated. KOH (15 eq), MeOH (0.1 M) and 

10% H2O were added to the flask and the solution was heated in a 90 °C oil bath for 3–6 h. 

Upon reaction completion, the MeOH was evaporated and the remaining aqueous solution 

was partitioned with EtOAc. The aqueous layer was extracted twice with EtOAc and then 

Roth et al. Page 9

Bioorg Med Chem. Author manuscript; available in PMC 2015 November 15.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



the organic extracts were combined, washed with brine, dried over Na2SO4, and 

concentrated. Purification by silica gel chromatography provided products 12a–12d.30

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Structural layover of naturally bound HX1 (green) and docked HX1 (grey) indicating an 

effective docking model (RMSD = 1.2 Å).
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Figure 2. 
Compound 4a docked into the active site of MPO (crystal structure obtained from PDB ID 

4C1M).
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Figure 3. 
Compound 4d in the MPO active site. The benzodioxole moitey now resides over the heme 

center while the tethered ring extends into the hydrophobic pocket.
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Scheme 1. 
Reagents and conditions: (a) H2NR1, DIPEA, R2OH (solvent); (b) H2NR1, AcOH, R2OH 

(solvent) then NaCNBH3; (c) KOH in 10% H2O (v/v), 65°C; (d) 0.3 M methanolic H2SO4/

sealed vial, 100 °C; (e) R3X, CH3CN, reflux.
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Scheme 2. 
Reagents and conditions: (a) H2 N(CH2)nOH, DIPEA, iPrOH; (b) H2N(CH2)nOH (→ 9) or 

H2N(CH2)nSTr (→ 10), DIPEA, iPrOH; then NaCNBH3; (c) KOH in 10% H2O (v/v), 65°C; 

(d) TFA, TES, DCM, 1 h, r.t.
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