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Abstract 

A refined synthesis and facile purification process have been developed to access pyridine-phenolic ligand 

derivatives in high purity and yield, which are needed for optical detection of low levels of metal ions in 

biological and environmental sensor applications. The two-step process employs Suzuki coupling and 

demethylation, and the purification is facilitated by an acid/base extraction protocol that allows for significant 

impurities to be removed without the need for conventional gradient chromatography. These amphoteric 

ligands exhibit unique physical, chemical, and spectroscopic properties and are of interest in the complexation 

of metal ions. The simplest pyridine-phenolic compound, 2-(2'-hydroxyphenyl)pyridine, is shown to have 

potential as a switch-on fluorescence ligand for beryllium ions under aqueous conditions. 
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Introduction 

 

The coordination chemistry of N,O-chelate ligands, such as 2-(2'-hydroxyphenyl)pyridine 1 (Where R = H) and 

its homologues, have been of primary interest in the synthesis of a variety of metal complexes (B, Zn, Be, Cd, 

Pd, Co, Cu, Mn, Ni, Ru, Ti and Fe) that exhibit interesting magnetic, chemical, redox and optical properties. 

These materials have been the subject of detailed studies in electroluminescence,1-3 magnetic devices,4,5 

chemosensors,6,7 and catalysis.8-11 Derivatives of ligand 1 have proved valuable in the synthesis and structure-

activity studies of endothelin A receptor anatagonists.12 Pyridine-phenolic systems are amphoteric, i.e., 

contain both acid and base sites, and therefore have been the basis of ongoing fundamental studies into 

excited state intramolecular proton transfer (ESIPT), which is important for the understanding and 

development of laser dyes, photostabilizers, scintillators,13 and solar collectors.14 

 

 
 

Simple chemical modifications to functionalized organic molecules allow them to be easily tuned for their 

use and development as optical, i.e., UV/Vis, IR and fluorescence, primarily for biological applications15-18 and, 

to a lesser extent, for environmental applications.19 To detect metal ions at very low concentrations in 

biological or environmental applications, at ppm to ppb levels, the molecular structure, stability, and purity of 

the chemical probes are critical to minimize false positives, cellular toxicity, and to maximize host-guest signal 

amplification with minimal interference from optically active residues.15 

Our group previously reported on the development of pyridine-phenol ligand systems, such as 10-

hydroxybenzo[h]quinolines (10-HBQ) 2, for coordination studies with aqueous beryllium.20,21 Although 

particulate beryllium is extremely toxic, it still has widespread use because of its unique mechanical, thermal, 

optical, and electronic properties which are extremely difficult to replicate with other materials.22,23 We have 

found that the water-soluble derivative 10-HBQS 2b shows enhanced fluorescence when coordinated to 

aqueous beryllium under alkaline conditions. Here, the 10-HQBS 2b requires a very different purification 

process than the starting material 10-HBQ 2, but is extremely effective in detection of environmental 

beryllium at nanogram levels.24 This has proven to be a practical ligand for sensor applications and is used to 

detect environmental beryllium at sub-picogram levels.21 Ligands that exhibit a fluorescence or colorimetric 

response upon selective complexation with aqueous beryllium are still required for specific applications, such 

as in the tracking and sequestering of biological and environmental beryllium species, respectively. With 
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limited examples of design rules for accessing metal-ion selective probes for beryllium,25,26 we propose that 

functionalized derivatives of the bidentate ligand 1 (R = H), and tri- and tetradentate ligands, such as 3 and 4 

(R = H), could be promising candidates for beryllium chelation. 

Although these pyridine-phenolic ligands appear to be relatively simple molecules, most existing synthetic 

protocols are relatively complex, have varying yields, or afford product mixtures, suggesting possible issues 

around the high purity needed for chemical probe applications. Early approaches to compounds similar to 

ligand 1 (R = H) involved photoarylation27 and reactions of benzyne with pyridine-N-oxides28 which gave 

mixtures and the desired products in low yields. Multidentate ligands 3 and 4 (R = H), have been accessed by 

employing condensation29 and a complicated Ziegler 2-methoxyaryllithium addition/oxidation protocol30 

giving desired precursors in 24% and 40% overall yield, respectively. The recent development of metal-

catalyzed coupling methodology has seen several reports of organo-copper,31 organo–magnesium32,33 and 

organo-zinc couplings,34 however, the yields have varied, the characterization properties have differed, and 

some of these conditions are typically not amenable to the presence of sensitive functional groups. 

Over the past 50 years, the Suzuki-Miyaura coupling reaction35 has become a dominant synthetic 

methodology to access greater functional group diversity in polyaromatic compounds, especially of interest in 

our studies on these pyridine-phenolic compounds for chemical probe applications. However, as with most of 

these ligands the authors were surprised to find for the simple molecule 2-(2'-hydroxyphenyl)pyridine 1 

(Where R = H), a synthesis search (in 2022) located 36 different papers [see Supplementary Information (SI)], 

with a range of characterization data and results. A recent report has also indicated that the conditions used 

for this coupling reaction may impact the product yield and formation of unwanted impurity complicating the 

purification process.36 Given the use and interest in these pyridine-phenolic ligands for different applications, 

the authors sought to collate and evaluate the synthetic and characterization data, and use them as a basis to 

identify and synthesize related key compounds. 

Herein, we highlight a simple two-step synthesis and purification protocol to easily access gram quantities 

of high-purity pyridine-phenolic ligands using a combined Suzuki-Miyaura coupling/demethylation process 

that greatly improves on previous approaches. We also describe some unique physical and complexation 

properties of the pyridine-phenolic system. The simple purification employs aqueous-based chemistry, 

Kugelrhor distillation and recrystallization to afford ultra-pure materials with interesting properties, a scalable 

synthetic route and key characterization information. By employing this two-step route, the metal-catalyzed 

coupling can be used first with distillation/recrystallization, followed by efficient demethylation with 

recrystallization, which dramatically reduces the likelihood of trace contamination in the final products, as 

reflected by the characterization property data. We also demonstrate the potential value of 2-(2'-

hydroxyphenyl)pyridine 8a as a chemical probe for aqueous beryllium ion, which exhibits switch-on 

fluorescence. 

 

 

Results and Discussion 
 

Our interest in boron-halide coupling chemistry stems from our previous work on constructing functionalized 

polyheterocycles37 and the growing access to a diverse range of commercially available boron building blocks. 
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Table 1. Suzuki coupling of methoxy-substituted phenylboronic acids with pyridyl bromides 

 

 

By employing simple coupling conditions using aqueous sodium carbonate, 1,2-dimethoxyethane, and 

palladium tetrakis(triphenylphosphine) with 2-bromopyridine and the appropriate methoxyphenyl boronic 

Entry Bromide Boronic Acid Product Purification Yield (%) 

1 

  

 
 

bp 160-2 °C/1 Torr 94 

2 

  

 
 

bp 143-5 °C/1 Torr and 

mp 60 °C 
92 

3 

  

 
 

bp 165-7 °C/1 Torr 93 

4 

 
 

 

bp 198-200 °C/1 Torr 93 

5 

   

bp 178-180 °/1 Torr and 

mp 79-80 °C 
58 

6 

 
  

mp 127 °C 

(lit. mp 117 °C)29 
79 

7 

   

mp 170 °C 

(lit. mp 175 °C)30 
54 
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acid derivative, we were able to obtain the coupled precursors (Table 1, Entries 1-5). During the isolation 

process, we observed that these simple pyridine-phenolic derivatives 7a-g were highly water-soluble upon 

treatment with dilute hydrochloric acid. Therefore, we developed a simple acid wash and base extraction 

protocol to remove the desired product from other organic impurities and catalyst without the need for 

gradient chromatography. The products were then easily purified by Kugelrhor bulb-to-bulb distillation, 

resulting in high yield (> 92%) and purity products (see characterization data here and in SI). In Entry 5, the 

slightly lower yield of product 7e likely resulted from the sterically hindered nature of the boronic acid. Tri- 

and tetradentate ligands 7f and 7g (Entries 6 & 7, respectively) were also isolated by employing the acid/base 

extraction process described earlier. However, due to the larger molecular weight of these compounds, final 

purification was achieved by conventional recrystallization. These products were obtained in higher yield and 

purity than other previously reported methods. 

With these pure methyl-ether precursors in hand, we investigated conditions to liberate the phenolic 

group. Several strategies have been reported, including the use of BBr3, NiCl2/Zn, pyridine hydrochloride 

(Py·HCl) and trimethylsilyl iodide (TMSI). We found that demethylation was most efficiently achieved using 

Py·HCl, which resulted in better conversion efficiencies and crude products that were easier to purify than 

other typical methods reported for demethylations.38 By heating a mixture of Py·HCl with the methylether aryl 

compound at 200 °C for several hours without solvents, we obtained a clean demethylation product. The 

reaction was quenched with water, neutralized, and extracted with DCM. The crude material was then purified 

by distillation (Table 2, Entry 1, compound 8a) or recrystallization (Table 2, Entries 2-7, compounds 8b-g). The 

final purified pyridine-phenolic compounds were obtained in yields ranging from ~60-95% with excellent 

purity. Notably, all compounds were isolated as yellow crystalline materials, which differs from those reported 

in the literature (see characterization data here and see SI). 

A key goal in the development of new ligands to coordinate aqueous beryllium is to identify systems that 

exhibit strong intramolecular hydrogen bonding. For instance, both 10-HBQ 2a and isomeric 7-HBQ contain 

the phenolic hydrogen atom and the nitrogen heteroatom.20 In 10-HBQ 2a, the phenolic hydrogen atom is in 

close proximity to the nitrogen atom; the 1H NMR spectrum shows that this hydrogen atom is extremely 

deshielded and resonates at 14.82 ppm. In contrast, 7-HBQ has the phenolic resonance appearing at 10.29 

ppm, indicating the absence of hydrogen bonding. The intramolecular hydrogen bonding observed in solution 

studies has also been confirmed by solid-state X-ray crystallography for 10-HBQ 2a.39 A similar trend is 

observed with the compounds in Table 2, Entries 1-7. Analysis of the 1H NMR spectra of these compounds 8a-g 

shows that phenolic hydrogen nearest to the nitrogen atom undergoes intramolecular hydrogen bonding, with 

the corresponding signal typically occurring between 12-15 ppm, whilst the other phenolic signals (8b-d in 

Table 2, Entries 2, 3 and 4) appear around 8-10 ppm. 
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Table 2. Conversion of Suzuki coupled products to pyridine-substituted phenolic compounds 

 
Entry Precursor Product Yield (%) 

1 
 

 
 

 

91 

2 
 

 
 

 

67 

3 
 

 
 

 

63 

4 
 

 
 

 

61 

5 
 

 
 

 

76 

6 

 
 

 
 

92 

7 

  

86 
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As indicated from the purification of these pyridine-phenolic 8a-g, their acidic and basic sites enable these 

compounds to be protonated when treated with acid or deprotonated with base under aqueous conditions 

giving water soluble materials. This feature proved extremely important in undertaking preliminary aqueous 

beryllium complexation studies with pyridine-phenol 8a. Previous excited state proton transfer studies on 

compound 8a have shown that in organic solvents very strong fluorescence emission exists because of the 

strong intramolecular hydrogen bonding. However, the introduction of increasing quantities of water in 

acetonitrile disrupts this feature and results in loss of fluorescence.14 Qualitative studies of 8a under alkaline 

aqueous conditions showed no fluorescence, presumably caused by deprotonation and disruption of the 

intramolecular hydrogen bonding. However, the addition of small amounts of beryllium sulfate to this solution 

resulted in the appearance of a new emission peak at ~ 450 nm (Figure 1). The ability of compound 8a to bind 

to aqueous beryllium and exhibit switch-on fluorescence makes these systems promising for sensor 

applications. In building on these studies we reported the use of the tridentate ligand 3 as an intracellular 

tracking agent for biological beryllium.40 This is the first example of a ligand 8f that forms a stable beryllium-

ligand complex under physiological pH, eliminating interference from the formation of beryllium-phosphate 

species, and also exhibits switch–on fluorescence in the presence of beryllium ions. 

 

 
 

Figure 1. Fluorescence spectrum of 2-(2'-hydroxyphenyl)pyridine ligand 8a (50 m) with varying concentrations 

of beryllium sulfate in alkaline water (pH 10). 

 

 

Conclusions 
 

The presented synthetic procedure offers a convenient and easy access to bi-, tri- and tetradentate pyridine-

phenolic ligands in high yield and purity through the use of simple and efficient Suzuki-Miyaura chemistry, 

deprotection, and purification protocols such as acid/base wash, distillation, and recrystallization. It has been 

demonstrated that the simplest pyridine-phenolic compound, 2-(2'-hydroxyphenyl)pyridine 8a, has potential 
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as a switch-on fluorescence ligand for beryllium ions under aqueous conditions at nanomolar concentrations. 

These pyridine-phenolic ligands have traditionally found use in various applications due to their interesting 

magnetic, chemical, redox, electronic, and optical properties. Access to a diverse range of analogues of the 

pyridine-phenolic system is of interest for understanding and developing sensors for tracking aqueous 

beryllium. The current synthetic and purification process offers researchers a route to design and access key 

types of high purity pyridine-phenolic ligands for metal complexation, hydrogen bonding studies and provides 

opportunities in other areas, such as building blocks for metal-organic frameworks and spin-crossover 

materials. 

 

 

Experimental Section 
 

General procedure for the Suzuki-Miyaura coupling reactions: A stirred mixture of 2-bromopyridine 5a (4.99 

g, 31.6 mmol), tetrakis(triphenylphosphine)palladium (1.82 g, 1.58 mmol, 5 mol %), phenylboronic acid 

derivative 6a-d (1.4-2.0 equiv.), dimethoxyethane (200 mL) and aqueous 1M Na2CO3 (150 mL) was heated at 

reflux under a nitrogen atmosphere for 12-24 h. The reaction mixture was cooled, concentrated under 

reduced pressure and diluted with water (120 mL). The mixture was extracted with DCM (3 × 50 mL) and the 

combined organic extract was washed with 1M HCl solution (4 × 100 mL). The combined aqueous phase was 

made slightly alkaline with NaOH pellets and extracted with DCM (5 × 50 mL). The combined DCM extract was 

dried (Dry Disk) and concentrated under reduced pressure to give the crude product as a liquid that was 

purified by Kugelrohr distillation or recrystallization. For most compounds these conditions allow access to 

gram quantities of products. In some case, these conditions have been further scaled to enable this. 

 

2-(2'-Methoxyphenyl)pyridine (7a).32 Initially isolated as a straw-colored oil.2,3 This material was subjected to 

Kugelrohr distillation (bp 160-2 °C/1 Torr) to give the 7a as a clear colorless liquid (5.49 g, 94%) (lit41 bp 105 °C, 

0.15 mmHg, lit31 bp 96-99 °C, vacuum, lit42 bp 92-95 °C /0.01 Torr). 1H NMR (300 MHz, CDCl3):  8.73-8.67 (m, 

1H, HPy), 7.84-7.785 (m, 1H, HPy), 7.76 (dd, 1H, J 7.6, 1.8 Hz, HPh), 7.70 (ddd, 1H, J 7.8, 7.8, 1.8 Hz, HPy), 7.39-

7.32 (m, 1H, J 1.8 Hz, HPh), 7.20 (ddd, 1H, J 7.4, 4.9, 1.2 Hz, HPy), 7.12-7.05 (m, 1H, HPh), 7.03-6.97 (m, 1H, HPh), 

3.86 (s, 3H, MeO). 13C NMR (75 MHz, CDCl3):  156.9, 156.1, 149.3, 135.6, 131.1, 129.9, 129.1, 125.1, 121.6, 

121.0, 111.4, 55.6. 

2-(2',3'-Dimethoxyphenyl)pyridine (7b).43 Initially isolated as a dark yellow oil. This material was subjected to 

Kugelrohr distillation (bp 143-5 °C/1 Torr) to give the 7b as a colorless clear liquid, which formed a colorless 

crystalline solid (2.72 g, 92%) on standing (mp 60 °C). 1H NMR (300 MHz, CDCl3):  8.81-8.68 (m, 1H, HPy), 7.96-

7.74 (m, 1H, HPy), 7.77 (ddd, 1H, J 7.6, 7.6, 1.8 Hz, HPy), 7.36 (dd, 1H, J 8.0, 1.6 Hz, HPh), 7.23 (m, 1H, HPy), 7.16 

(app t, 1H, J 8.0, 8.0 Hz, HPh), 6.98 (dd, 1H, J 8.0, 1.5 Hz, HPh), 3.92 (s, 3H, MeO), 3.69 (s, 3H, MeO). 13C NMR (75 

MHz), CDCl3):  155.9, 153.0, 149.4, 147.1, 135.9, 134.4, 124.9, 124.2, 121.9, 112.7, 60.9, 56.0. Anal. Calcd for 

C13H13NO2: C, 72.54; H, 6.09; N, 6.51. Found: C, 72.56; H, 6.20; N, 6.41. 

2-(2',4'-Dimethoxyphenyl)pyridine (7c).12 Initially isolated as a dark yellow oil. This material was subjected to 

Kugelrohr distillation (bp 165-7 °C/1 Torr) to give 7c as a colorless clear liquid (2.78 g, 93%). 1H NMR (300 MHz, 

CDCl3):  8.65 (ddd, 1H, J 4.9, 1.8, 1.0 Hz, HPy), 7.79 (d of t, 1H, J 8.0, 1.0 Hz, HPy), 7.78 (d, 1H, J 8.5 Hz, HPh), 

7.68-7.58 (ddd, 1H, J 7.4, 1.8 Hz, HPy), 7.12 (ddd, 1H, J 7.4, 4.9, 1.2 Hz, HPy), 6.61 (dd, 1H, J 8.5, 2.4 Hz, HPh), 6.54 

(d, 1H, J 2.4 Hz, HPh), 3.82 (s, 3H, MeO), 3.81 (s, 3H, MeO). 13C NMR (75 MHz), CDCl3):  161.2, 158.0, 149.1, 

135.4, 131.8, 124.6, 121.0, 104.9, 98.7, 55.4, 55.3. Anal. Calcd for C13H13NO2: C, 72.54; H, 6.09; N, 6.51. Found: 

C, 72.23; H, 6.01; N, 6.59. 
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2-(2',5'-Dimethoxyphenyl)pyridine (7d). Initially isolated as an olive-colored oil. This material was purified by 

Kugelrohr distillation (bp 198-200 °C/1 Torr) to give 7d as a colorless clear liquid (6.41 g, 93%). 1H NMR (300 

MHz, CDCl3)  8.72-8.67 (m, 1H, HPy), 7.87-7.81 (m, 1H, J 8 Hz, HPy), 7.68 (app d of t, 1H, J 7.7, 7.7, 1.9 Hz, HPy), 

7.39 (dd, 1H, J 2.4, 1.0 Hz, HPh), 7.19 (ddd, 1H, J 7.4, 4.9, 1.1 Hz, HPy), 6.97-6.87 (m, 2H, 2 × HPh), 3.82 (s, 3H, 

OMe), 3.79 (s, 3H, OMe). 13C NMR (75.5 MHz, CDCl3)  155.8, 153.9, 151.2, 149.3, 135.6, 129.8, 125.0, 121.7, 

115.7, 115.6, 113.1, 56.3, 55.7. Anal. Calcd for C13H13NO2: C, 72.54; H, 6.09; N, 6.51. Found: C, 73.00; H, 6.28; 

N, 6.63. 

2-(2',6'-Dimethoxyphenyl)pyridine (7e). Initially isolated as an orange oil. This material was purified by 

Kugelrohr distillation (bp 178-180 °C/1 Torr) to give 7e as a colorless clear liquid (2.29 g, 58%), which 

crystallized upon standing at ambient temperature to give a colorless crystalline solid, mp 79-80 °C (lit44 mp 

81-82 °C). 1H NMR (300 MHz, CDCl3)  8.75-8.68 (m, 1H, HPy), 7.70 (app d of t, 1H, J 7.7, 7.7, 1.9 Hz, HPy), 7.34-

7.26 (m, 1H, HPy), 7.30 (app t, 1H, J 8.4, 8.4 Hz, HPh), 7.21 (ddd, 1H, J 7.7, 4,9, 1.2 Hz, HPy), 6.64 (d, 2H, J 8.4 Hz, 

2 × HPh), 3.71 (s, 6H, 2 × OMe). 13C NMR (75 MHz, CDCl3)  158.0, 154.5, 149.2, 135.6, 129.6, 126.1, 121.6, 

119.0, 104.1, 55.9. ATR IR (v cm-1) 3017, 2959, 2932, 2838, 1589, 1472, 1458, 1426, 1249, 1106, 1023, 988, 

797, 780, 752, 726, 601, 539. Anal. Calcd for C13H13NO2: C, 72.54; H, 6.09; N, 6.51. Found: C, 72.54; H, 6.39; N, 

6.22. 

2,6-Di-(2'-methoxyphenyl)pyridine (7f). Initially isolated as a yellowish solid which was then recrystallized 

from DCM/ether (charcoal) to 7f as off-white microcrystalline needles (3.89 g, 79%), mp 127 °C (lit.45 mp 122-3 

°C, lit.46 mp 120-1 °C, lit.47 mp 122-4 °C, lit.48 mp 122-4 °C, lit.49 mp 112 °C and lit.50 mp 130 °C). 1H NMR (300 

MHz, CDCl3)  7.93 (dd, 2H, J 7.6, 1.7 Hz, 2 × HPh), 7.70 (m, 3H, 3 × HPy), 7.40-7.30 (m, 2H, J 1.8 Hz, 2 × HPh), 7.08 

(app d of t, 2H, J 8.3, 7.5, 0.9 Hz, 2 × HPh), 7.00 (bd, 2H, J 8.2 Hz, 2 × HPh), 3.87 (s, 6H, 2 × OMe). 13C NMR (75 

MHz, CDCl3)  157.1, 155.4, 135.1, 131.5, 129.64, 129.58, 123.1, 121.0, 111.4, 55.6. 

6,6'-Di-(2''-methoxyphenol)-2,2'-bipyridine (7g). Initially isolated as a dark solid that was recrystallized from 

dichloromethane/petroleum ether (charcoal) to give 7g as a faint yellow powder (1.26 g, 54%), mp 170 °C (lit. 
30 mp 175 °C). 1H NMR (300 MHz, CDCl3)  8.51 (bd, 2H, J 7.6 Hz, 2 × HPy), 8.04 (dd, 2H, J 7.6, 1.8 Hz, 2 × HPh), 

7.92 (bd, 2H, J 7.1 Hz, 2 × HPy), 7.88-7.78 (m, 2H, 2 × HPy), 7.45-7.35 (m, 2H, J 1.8 Hz, 2 × HPh), 7.14 (app d of t, 

2H, J 7.5, 7.5, 0.9 Hz, 2 × HPh), 7.04 (bd, 2H, J 8.2 Hz, 2 × HPh), 3.90 (s, 6H, 2 × MeO). 13C NMR (75 MHz, CDCl3)  

157.3, 155.9, 154.8, 136.4, 131.5, 129.9, 129.2, 125.0, 121.1, 119.1, 111.6, 55.7. 

General procedure for demethylation conditions and isolation of phenolic compounds: A stirred mixture of 

methoxyphenyl derivative 7a-g (3.43 mmol) and pyridine hydrochloride (Py·HCl) (3.0-12.0 equiv.) under an 

atmosphere of nitrogen was heated to 200 °C for 4-8 h. The cooled reaction mixture was treated with water 

(200 mL) and adjusted to pH 7 with a combination of initially solid NaOH pellets and then NaHCO3. The 

mixture was extracted with DCM (3 × 35 mL), the organic extract was dried (Dry Disk) and concentrated under 

vacuum. For most compounds these conditions allow access to gram quantities of products. In some case, 

these conditions have been further scaled to enable this. 

2-(2'-Hydroxyphenyl)pyridine (8a).32 Initially isolated as a brown liquid. This material was subjected to 

Kugelrohr distillation (bp 178-180 °C/1 Torr) to give a bright fluorescent colored liquid (1.65 g, 91%) which 

slowly crystallized upon standing to give 8a as a faint lime colored solid, mp 53-4 °C (lit.51 mp 56–8 °C, lit.52 mp 

55-6 °C, lit.53 mp 56 °C and lit.42 mp 56-7 °C). 1H NMR (300 MHz, CDCl3):   14.35 (s, 1H, OH), 8.54-8.48 (m, 1H, 

HPy), 7.92 (bd, 1H, J 8.3 Hz, HPy), 7.88-7.82 (m, 1H, HPy), 7.82-7.76 (m, 1H, J 1.6 Hz, HPh), 7.30 (ddd, 1H, J 8.4, 

7.2, 1.6 Hz, HPh), 7.27-7.20 (m, 1H, HPy), 7.03 (dd, 1H, J 8.3, 1.2 Hz, HPh), 6.95-6.86 (m, 1H, J 1.2 Hz, HPh). 13C 

NMR (75 MHz, CDCl3):  160.0, 157.9, 145.9, 137.8, 131.5, 126.1, 121.5, 119.1, 118.81, 118.76, 118.6. 

2-(2',3'-Dihydroxyphenyl)pyridine (8b).43 The crude yellow solid was dissolved in a small amount of 

DCM/acetone and passed through a plug of silica gel to remove baseline impurities. The solvent was removed 
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and the solid was recrystallized (DCM/petroleum ether) to afford 8b as yellow needles (1.55 g, 67%), mp 126-7 

°C. 1H NMR (300 MHz, DMSO-d6)  ppm 14.33 (s, 1H, OHC-2), 8.85 (s, 1H, OHC-3), 8.65-8.59 (m, 1H, HPy), 8.16 (d, 

1H, J 8.3 Hz, HPy), 7.99 (app d of t, 1H, J 7.8, 1.8 Hz, HPy), 7.48-7.37 (m, 2H, HPh and HPy), 6.85 (dd, 1H, J 7.8, 1.2 

Hz, HPh), 6.72 (app t, 1H, J 7.8 Hz, HPh). 13C NMR (75 MHz, DMSO-d6)  157.3, 148.0, 146.5, 146.0, 138.6, 122.1, 

119.9, 118.7, 118.3, 116.9, 116.7. Anal. Calcd for C11H9NO2: C, 70.58; H, 4.85; N, 7.48. Found: C, 70.33; H, 5.05; 

N, 7.41. 

2-(2',4'-Dihydroxyphenyl)pyridine (8c). The crude yellow solid was dissolved in a small amount of 

EtOAc/petroleum ether and passed through a plug of silica gel to remove baseline impurities. The solvent was 

removed and the product was obtained 8c as bright yellow crystals (1.44 g, 63%), mp 171-2 °C (lit.12 mp 170-2 

°C). 1H NMR (300 MHz, DMSO-d6)  14.39 (s, 1H, OHC-2), 9.80 (s, 1H, OHC-4), 8.54-8.47 (m, 1H, HPy), 8.01 (d, 1H, 

J 8.5 Hz, HPy), 7.91 (ddd, 1H, J 7.4, 7.4, 1.8 Hz, HPy), 7.81 (d, 1H, J 8.8 Hz, HPh), 7.33-7.25 (m, 1H, J 1.8 Hz, HPy), 

6.36 (dd, 1H, J 8.8, 2.5 Hz, HPh), 6.29 (d, 1H, J 2.4 Hz, HPh). 13C NMR (75 MHz, DMSO-d6)  161.1, 160.4, 157.4, 

145.7, 138.3, 128.0, 120.8, 118.5, 110.7, 107.3, 103.5.  

2-(2',5'-Dihydroxyphenyl)pyridine (8d). The crude product was recrystallized (DCM/petroleum ether) to give 

8d as a yellow solid (1.39, 61%), mp 169 °C (lit.54 mp 169-172 °C). 1H NMR (300 MHz, DMSO-d6)  13.22 (s, 1H, 

OHC-2'), 8.92 (s, 1H, OHC-5'), 8.63-8.57 (m, 1H, HPy), 8.07-8.01 (m, 1H, HPy), 8.01-7.93 (m, 1H, J 1.7 Hz, HPy), 7.44-

7.36 (m, 1H, J 1.3 Hz, HPy), 7.34-7.30 (m, 1H, HPh), 6.81-6.71 (m, 2H, 2 × HPh). 13C NMR (75 MHz, DMSO-d6) 

 156.8, 151.7, 149.5, 146.4, 138.5, 122.1, 119.8, 119.0, 118.9, 118.3, 112.2. Anal. Calcd for C11H9NO2: C, 

70.58; H, 4.85; N, 7.48. Found: C, 70.51; H, 5.06; N, 7.35. 

2-(2',6'-Dihydroxyphenyl)pyridine (8e). The crude yellow solid was dissolved in a small amount of 

DCM/acetone and passed through a plug of silica gel to remove baseline impurities. The solvent was removed 

and the solid was recrystallized (DCM/petroleum ether) to give 8e as a yellow microcrystalline solid (1.32 g, 

76%), mp 180-1 °C (lit.44 mp 182 °C). 1H NMR (300 MHz, DMSO-d6)  13.38 (s, 2H, OHC-2' and C-6'), 8.63-8.53 (m, 

2H, HPy), 8.01-7.92 (m, 1H, HPy), 7.41-7.33 (m, 1H, HPy), 7.05 (app t, 1H, J 8.1, 8.1 Hz, HPh), 6.42 (d, 2H, J 8.1 Hz, 

HPh). 13C NMR (75 MHz, DMSO-d6)  158.9, 156.0, 145.4, 137.9, 130.7, 125.0, 121.5, 107.8, 107.5. Anal. Calcd 

for C11H9NO2: C, 70.58; H, 4.85; N, 7.48. Found: C, 71.02; H, 4.73; N, 7.30. 

2,6-Di-(2'-hydroxyphenyl)pyridine (8f). The crude yellow solid was dissolved in a small amount of 

DCM/acetone and passed through a plug of silica gel to remove baseline impurities. The solvent was removed 

and 8f was obtained as very pale yellow flakes (1.66 g, 92%), mp 143 °C (lit.29 mp 138 °C, lit.46 mp 120-121 °C, 

lit.47 mp 122-124 °C, lit.48 mp 122-124 °C, lit.50 mp 139 °C and lit.29 mp 117 °C). 1H NMR (300 MHz, CDCl3)  

12.30 (s, 2H, 2 × OHC-2’), 8.10-7.94 (m, 3H, 3 × HPy), 7.82 (dd, 2H, J 7.7, 1.5 Hz, 2 × HPh), 7.31 (m, 2H, J 1.5 Hz, 2 × 

HPh), 7.00-6.90 (m, 4H, 4 × HPh). 13C NMR (75 MHz, CDCl3)  157.2. 154.7, 138.6, 130.9, 128.3, 121.9, 120.0, 

119.2, 117.3. 

6,6'-Di-(2''-hydroxyphenyl)-2,2'-bipyridine (8g).55, 56 The crude yellow solid was dissolved in a small amount of 

DCM/petroleum ether and passed through a plug of silica gel to remove baseline impurities. The solvent was 

removed and the product recrystallized (DCM/petroleum ether) to give 8g as fluffy yellow crystals (1.03 g, 

86%), mp 236-7 °C (lit. mp 238 °C). 1H NMR (300 MHz, CDCl3)  13.36 (s, 2H, 2 × OHC-2'), 8.34 (d, 2H, J 7.9 Hz, 2 

× HPy), 8.23 (app t, 2H, J 7.9 Hz, 2 × HPy), 8.19-8.08 (m, 4H, 2 × HPy and 2 × HPh), 7.41-7.31 (m, 2H, 2 × HPh), 7.03-

6.94 (m, 4H, 4 × HPh). 13C NMR (75 MHz, CDCl3)  158.4. 156.8, 152.0, 139.6, 131.5, 128.0, 121.5, 119.9, 119.3, 

119.2, 117.7. 
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Supplementary Material 
 

The Supplementary Information (SI) contains a Table SI9 summarizing the large number of reports for the 

synthesis and characterization data for 2-(2'-hydroxyphenyl)pyridine 8a32 that has been synthesized by 

different methods, in different yields, levels of purity and characterization data. 

A summary of relevant literature papers has been included Table SI1-8 and 9-15 for the characterization 

data of the methoxyphenyl-pyridine 7a-g and hydroxyphenyl-pyridine 8a-g derivatives, respectively. These 

tables highlight the different end application use of the ligands, purification, characterization, and slight 

differences reported for these compounds. 1H and 13C NMR spectroscopic data for compounds 7g and 8g is 

shown as representation of the purity of the materials obtained after the described purification process.  

 

 

References 

 

1. Tanaka, H.; Tokito, S.; Taga, Y.; Okad, A. J. Mater. Chem. 1998, 8, 1999–2003. 

https://doi.org/10.1039/a803308k 

2. Li, Y.; Liu, Y.; Bu, W.; Lu, D.; Wu, Y.; Wang, Y. Chem. Mater. 2000, 12, 2672-2675. 

https://doi.org/10.1021/cm000237u 

3. Li, Y.; Liu, Y.; Bu, W.; Guo, J.; Wang, Y. Chem. Commun. 2000, 1551-1552. 

https://doi.org/10.1039/b003774p 

4. Couchman, S. M.; Jeffery, J. C.; Ward, M. D. Polyhedron 1999, 18, 2633–2640. 

https://doi.org/10.1016/S0277-5387(99)00154-0 

5. Bardwell, D. A.; Jeffery, J. C.; Ward, M. D. Inorg. Chim. Acta 1995, 236, 125-130. 

https://doi.org/10.1016/0020-1693(95)04630-R 

6. Guo, P.; Hui, T.-W.; Cheung, K. C.; Wong, K.-Y.; Shiu, K.-K. J. Electroanal. Chem. 2001, 498, 142-151. 

https://doi.org/10.1016/S0022-0728(00)00347-8 

7. Springsteen, G.; Ballard, C. E.; Gao, S.; Wang, W.; Wang, B. Bioorg. Chem. 2001, 29, 259-70. 

https://doi.org/10.1006/bioo.2001.1217 

8. Ganis, P.; Saporito, A.; Vitagliano, A.; Valle, G. Inorg. Chim. Acta 1998, 142, 75-79. 

https://doi.org/10.1016/S0020-1693(00)80661-1 

9. Wong, H. L.; Tian, Y.; Chan, K. S. Tetrahedron Lett. 2000, 41, 7723-7726. 

https://doi.org/10.1016/S0040-4039(00)01306-X 

10. Inoue, Y.; Nakano, T.; Kashiwa, N.; Fujita, T. Chem. Lett. 2001, 1060-1061. 

https://doi.org/10.1246/cl.2001.1060 

11. Pun, S.-N.; Chung, W.-H.; Lam, K.-M.; Guo, P.; Chan, P.-H.; Wong, K.-Y.; Che, C.-M.; Chen, T.-Y.; Peng, S.-M. 

J. Chem. Soc., Dalton Trans. 2002, 575-583. 

https://doi.org/10.1039/a803308k
https://doi.org/10.1021/cm000237u
https://doi.org/10.1039/b003774p
https://doi.org/10.1016/S0277-5387(99)00154-0
https://doi.org/10.1016/0020-1693(95)04630-R
https://doi.org/10.1016/S0022-0728(00)00347-8
https://doi.org/10.1006/bioo.2001.1217
https://doi.org/10.1016/S0020-1693(00)80661-1
https://doi.org/10.1016/S0040-4039(00)01306-X
https://doi.org/10.1246/cl.2001.1060


Arkivoc 2022, iv, 205-218   Collis, G. E. et al. 

 

 Page 216  ©AUTHOR(S) 

12. Astles, P. C.; Brealey, C.; Brown, T. J.; Facchini, V.; Handscombe, C.; Harris, N. V.; McCarthy, C.; McLay, I. 

M.; Porter, B.; Roach, A. G.; Sargent, C.; Smith, C.; Walsh, R. J. A. J. Med. Chem. 1998, 41, 2732-2744. 

https://doi.org/10.1021/jm9707131 

13. Mills, L. R.; Gygi, D.; Ludwig, J. R.; Simmons, E. M.; Wisniewski, S. R.; Kim, J.; Chirik, P. J. ACS Catal. 2022, 

12, 1905-1918. 

https://doi.org/10.1021/acscatal.1c05586 

14. Basaric, N.; Wan, P. Photochem. Photobiol. Sci. 2006, 5, 656-664. 

https://doi.org/10.1039/b600826g 

15. Haugland, R. P., Handbook of Fluorescent Probes and Research Chemicals Molecular Probes. 6th Edition. 

Wiley, 1996. 

16. He, W.; Guo, Z., In Compr. Inorg. Chem. II: Reedijk, J., Poeppelmeier, K., Eds.;. 2013; Vol. 8., Chapter 8.19, 

pp 733-780. 

https://doi.org/10.1016/B978-0-08-097774-4.00805-6 

17. Wagh, S. B.; Maslivetc, V. A.; La Clair, J. J.; Kornienko, A. ChemBioChem 2021, 22, 3109-3139. 

https://doi.org/10.1002/cbic.202100171 

18. Valeur, B.; Berberan-Santos, M. N., Molecular Fluorescence: Principles and Applications. Wiley‐VCH Verlag 

GmbH & Co. KGaA: 2012. 

https://doi.org/10.1002/9783527650002 

19. Burghart, A.; Kim, H.; Welch, M. B.; Thoresen, L. H.; Reibenspies, J.; Burgess, K. J. Org. Chem. 1999, 64, 

7813-7819. 

https://doi.org/10.1021/jo990796o 

20. Collis, G. E.; Burrell, A. K. Tetrahedron Lett. 2005, 46, 3653-3656. 

https://doi.org/10.1016/j.tetlet.2005.03.164 

21. Ashley, K.; Agrawal, A.; Cronin, J.; Tonazzi, J.; McCleskey, T. M.; Burrell, A. K.; Ehler, D. S. Anal. Chim. Acta 

2007, 584, 281-286. 

https://doi.org/10.1016/j.aca.2006.11.066 

22. Newman, L. S. Chem. Eng. News 2003 (Sept 08). 

23. Puchta, R. Nat. Chem. 2011, 3, 416-416. 

https://doi.org/10.1038/nchem.1033 

24. Adams, L.; Agrawal, A.; Cronin, J. P.; Ashley, K. Int. J. Environ. Anal. Chem. 2017, 97, 264-275. 

https://doi.org/10.1080/03067319.2017.1302582 

25. Kaur, B.; Kaur, N.; Kumar, S. Coord. Chem. Rev. 2018, 358, 13-69. 

https://doi.org/10.1016/j.ccr.2017.12.002 

26. Alderighi, L.; Gans, P.; Mildollini, S.; Vacca, A., Aqueous Solution Chemistry of Beryllium. Academic Press: 

New York, 2000; Vol. 50, p 109-172. 

https://doi.org/10.1016/S0898-8838(00)50003-8 

27. Terashima, M.; Seki, K.-I.; Yoshida, C.; Ohkura, K.; Kanaoka, Y. Chem. Pharm. Bull. 1985, 33, 1009-1015. 

https://doi.org/10.1248/cpb.33.1009 

28. Abramovitch, R. A.; Shinkai, I. J. Am. Chem. Soc. 1974, 96, 5265-5267. 

https://doi.org/10.1021/ja00823a050 

29. Silva, A. M. S.; Almeida, L. M. P. M.; Cavaleiro, J. A. S.; Foces-Foces, C.; Llamas-Saiz, A. L.; Fontenas, C.; 

Jagerovic, N.; Elguero, J. Tetrahedron 1997, 53, 11645-11658. 

https://doi.org/10.1016/S0040-4020(97)00733-3 

30. Capdevielle, P.; Maumy, M.; Audebert, P.; Plaza, B. New J. Chem. 1994, 18, 519-524. 

https://doi.org/10.1021/jm9707131
https://doi.org/10.1021/acscatal.1c05586
https://doi.org/10.1039/b600826g
https://doi.org/10.1016/B978-0-08-097774-4.00805-6
https://doi.org/10.1002/cbic.202100171
https://doi.org/10.1002/9783527650002
https://doi.org/10.1021/jo990796o
https://doi.org/10.1016/j.tetlet.2005.03.164
https://doi.org/10.1016/j.aca.2006.11.066
https://doi.org/10.1038/nchem.1033
https://doi.org/10.1080/03067319.2017.1302582
https://doi.org/10.1016/j.ccr.2017.12.002
https://doi.org/10.1016/S0898-8838(00)50003-8
https://doi.org/10.1248/cpb.33.1009
https://doi.org/10.1021/ja00823a050
https://doi.org/10.1016/S0040-4020(97)00733-3


Arkivoc 2022, iv, 205-218   Collis, G. E. et al. 

 

 Page 217  ©AUTHOR(S) 

31. Malmberg, H.; Nilsson, M. Tetrahedron 1986, 42, 3981-3986. 

https://doi.org/10.1016/S0040-4020(01)87553-0 

32. Holligan, B. M.; Jeffery, J. C.; Norgett, M. K.; Schatz, E.; Ward, M. D. J. Chem. Soc. Dalton Trans. 1992, 3345-

3351. 

https://doi.org/10.1039/DT9920003345 

33. Rebstock, A.-S.; Mongin, F.; Trécourt, F.; Quéguiner, G. Org. Biomol. Chem. 2003, 1, 3064-3068. 

https://doi.org/10.1039/B305043B 

34. Kim, S.-H.; Rieke, R. D. Tetrahedron Lett. 2009, 50, 6985-6988. 

https://doi.org/10.1016/j.tetlet.2009.09.160 

35. Miyaura, N.; Suzuki, A. Chem. Rev. 1995, 95, 2457-2483. 

https://doi.org/10.1021/cr00039a007 

36. Lambert de Boisjan, A.; Allemann, C.; Fadini, L. Helv. Chim. Acta 2021, 104, e2100035. 

https://doi.org/10.1002/hlca.202100035 

37. Collis, G. E.; Scott, S. M.; Burrell, A. K.; Officer, D. L. J. Org. Chem. 2003, 68, 8974-8983. 

https://doi.org/10.1021/jo034855g 

38. Maeyama, K.; Kobayashi, M.; Yonezawa, N. Synth. Commun. 2001, 31, 869-875. 

https://doi.org/10.1081/SCC-100103322 

39. Kubicki, M.; Borowiak, T.; Antkowiak, W. Z. Acta Crystallogr., Sect. C: Cryst. Struct. Commun. 1995, 51, 

1173-1175. 

https://doi.org/10.1107/S010827019401379X 

40. Diyabalanage, H. V.; Ganguly, K.; Ehler, D. S.; Collis, G. E.; Scott, B. L.; Chaudhary, A.; Burrell, A. K.; 

McCleskey, T. M. Angew. Chem., Int. Ed. Engl. 2008, 47, 7332-7334. 

https://doi.org/10.1002/anie.200801965 

41. Juncosa, J. I., Jr.; Hansen, M.; Bonner, L. A.; Cueva, J. P.; Maglathlin, R.; McCorvy, J. D.; Marona-Lewicka, D.; 

Lill, M. A.; Nichols, D. E. ACS Chem. Neurosci. 2013, 4, 96-109. 

https://doi.org/10.1021/cn3000668 

42. Riggio, G.; Hopff, W. H.; Hofmann, A. A.; Waser, P. G. Helv. Chim. Acta 1983, 66, 1039-1045. 

https://doi.org/10.1002/hlca.19830660406 

43. Misawa, N.; Nakamura, R.; Kagiyama, Y.; Ikenaga, H.; Furukawa, K.; Shindo, K. Tetrahedron 2005, 61, 195-

204 

https://doi.org/10.1016/j.tet.2004.10.052. 

44. Pignataro, L.; Benaglia, M.; Annunziata, R.; Cinquini, M.; Cozzi, F. J. Org. Chem. 2006, 71, 1458-1463. 

https://doi.org/10.1021/jo052132m 

45. Gujjarappa, R.; Vodnala, N.; Musib, D.; Malakar, C. C. Asian J. Org. Chem. 2022, 11, e202100627. 

https://doi.org/10.1002/ajoc.202100627 

46. Vodnala, N.; Gujjarappa, R.; Satheesh, V.; Gupta, R.; Kaldhi, D.; Kabi, A. K.; Malakar, C. C. ChemistrySelect 

2020, 5, 10144-10148. 

https://doi.org/10.1002/slct.202002968 

47. Gujjarappa, R.; Vodnala, N.; Kumar, M.; Malakar, C. C. J. Org. Chem. 2019, 84, 5005-5020. 

https://doi.org/10.1021/acs.joc.8b02971 

48. Ma, Z.; Liu, H.; Zhang, C.; Zheng, X.; Yuan, M.; Fu, H.; Li, R.; Chen, H. Adv. Synth. Catal. 2015, 357, 1143-

1148. 

https://doi.org/10.1002/adsc.201400900 

49. Leblond, J.; Gao, H.; Petitjean, A.; Leroux, J.-C. J. Am. Chem. Soc. 2010, 132, 8544-8545. 

https://doi.org/10.1016/S0040-4020(01)87553-0
https://doi.org/10.1039/DT9920003345
https://doi.org/10.1039/B305043B
https://doi.org/10.1016/j.tetlet.2009.09.160
https://doi.org/10.1021/cr00039a007
https://doi.org/10.1002/hlca.202100035
https://doi.org/10.1021/jo034855g
https://doi.org/10.1081/SCC-100103322
https://doi.org/10.1107/S010827019401379X
https://doi.org/10.1002/anie.200801965
https://doi.org/10.1021/cn3000668
https://doi.org/10.1002/hlca.19830660406
https://doi.org/10.1016/j.tet.2004.10.052.
https://doi.org/10.1021/jo052132m
https://doi.org/10.1002/ajoc.202100627
https://doi.org/10.1002/slct.202002968
https://doi.org/10.1021/acs.joc.8b02971
https://doi.org/10.1002/adsc.201400900


Arkivoc 2022, iv, 205-218   Collis, G. E. et al. 

 

 Page 218  ©AUTHOR(S) 

https://doi.org/10.1021/ja103153t 

50. Klein, A.; Butsch, K.; Neudörfl, J. Inorg. Chim. Acta 2010, 363, 3282-3290. 

https://doi.org/10.1016/j.ica.2010.06.011 

51. Martin-Beltran, C.; Sanchez-Peris, M.; Conesa-Milian, L.; Falomir, E.; Murga, J.; Carda, M.; Marco, J. A. 

Bioorg. Med. Chem. 2019, 27, 880-887. 

https://doi.org/10.1016/j.bmc.2019.01.039 

52. Blume, F.; Zemolka, S.; Fey, T.; Kranich, R.; Schmalz, H.-G. Adv. Syn. Catal. 2002, 344, 868-883. 

https://doi.org/10.1002/1615-4169(200209)344:8<868::AID-ADSC868>3.0.CO;2-M 

53. Stekhova, S. A.; Lapachev, V. V.; Mamaev, V. P. Chem. Heterocycl. Compd. 1990, 26, 65-70. 

https://doi.org/10.1007/BF00506851 

54. Zapien, D. C.; Gui, J. Y.; Stern, D. A.; Hubbard, A. T. J. Electroanal. Chem. 1992, 330, 469-487. 

https://doi.org/10.1016/0022-0728(92)80325-X 

55. Geissman, T. A.; Schlatter, M. J.; Webb, I. D.; Roberts, J. D. J. Org. Chem. 1946, 11, 741-750. 

https://doi.org/10.1021/jo01176a015 

56. Mongal, B. N.; Tiwari, A.; Malapaka, C.; Pal, U. Dalton Trans. 2019, 48, 10070-10077. 

https://doi.org/10.1039/C9DT01506J 

 

 

This paper is an open access article distributed under the terms of the Creative Commons Attribution (CC BY) 

license (http://creativecommons.org/licenses/by/4.0/) 

 

https://doi.org/10.1021/ja103153t
https://doi.org/10.1016/j.ica.2010.06.011
https://doi.org/10.1016/j.bmc.2019.01.039
https://doi.org/10.1002/1615-4169(200209)344:8%3c868::AID-ADSC868%3e3.0.CO;2-M
https://doi.org/10.1007/BF00506851
https://doi.org/10.1016/0022-0728(92)80325-X
https://doi.org/10.1021/jo01176a015
https://doi.org/10.1039/C9DT01506J
http://creativecommons.org/licenses/by/4.0/

