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Abstract 

A series of 4-alkoxypyridines with n = 5–18 was obtained in typical yields of 75-80% by reacting 4-chloro-

pyridine hydrochloride with the appropriate alcohol in DMSO in the presence of powdered NaOH. The 

reported synthesis is compared to other methods for preparation of 4-alkoxypyridines, and their uses are 

reviewed. 4-Tridecyloxypyridine is converted into the bis-zwitterionic derivative of [closo-B10H10]2-, which 

exhibits liquid crystalline and soft crystalline phases. The solid-state structures of two pyridines and the bis-

zwitterion are established by the single crystal XRD method. The effect of N-atom coordination on the pyridine 

ring geometry is investigated. 
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Introduction 
 

There is a rapidly growing interest in 4-alkoxypyridines 1[n] (n ≥ 3) as intermediates for soft materials such as 

liquid crystals1-5 (including polar,6-11 ionic12-15 and quadrupolar species, such as 2[n]10 in Figure 1), molecular 

electronics,16 bio-active derivatives,17-19 and also for research on organometallic complexes,2-4,20-22 weak 

intermolecular interactions,1,5 and various other aspects of organic chemistry.23-25 Some 4-alkoxypyridines 1[n] 

have been shown to exhibit biological activity, such as inhibition of cytochrome P-450–catalyzed aniline 

hydroxylation26,27 or gastric antisecretory activity.28 

 

 
 

Figure 1.  Structures of 1[n] and 2[n]  

 

In most cases, 4-alkoxypyridines (1[n]) are N-substituted by reactions with metal-centered Lewis 

acids,2,3,20-22 organic electrophiles,12,13,18,19,23,25 or boron electrophiles.6,7,11 In rare cases C-positions of the 

pyridine ring in 1[n] are substituted before further transformations.16,24 

In spite of the increasing use of 4-alkoxypyridines (1[n]; n ≥ 3), only a handful are well characterized 

(1[3],29,30 1[7],6,7 1[8],5,23 1[9],7 1[10],1,16 1[12],5 1[16]5), some have partial data (1[4],19,24,28 1[5],7,28 1[8]23, 

1[16]4), while others are only mentioned in the literature without any data (1[6]),20,27 1[14],12 1[18]12,22) and 

several homologs are not reported (e.g. 1[11], 1[13] and 1[15]). Therefore, there is a need for a 

comprehensive approach to the synthesis of this series 1[n] and complete characterization of its members.  

The reported methods for synthesis of 1[n] can be divided into two general categories: those using alkyl 

electrophiles and pyridine nucleophiles (Method A, Figure 2) and those using alkyl nucleophiles and pyridine 

electrophiles (Method B, Figure 2). In the first method, the most convenient pyridine precursor is 4-

hydroxypyridine (3) (4-pyridone), which is deprotonated with a base and reacted with an alkyl halide 4[n]. Due 

to the amphiphilic nature of the anion generated from 3, a mixture of two isomeric products is formed, then 

separated by chromatography. This can be tedious and difficult for higher homologs. The method is relatively 

inexpensive and simple, but the ratio of the two isomers of the N– vs O–alkylated product depends on the 

reaction conditions. Thus, when the reaction is conducted with K2CO3 in DMF at ambient temperature, 1[10] is 

obtained in 70% yield,1 1[16] in 89% yield,3 and also 1[12] was obtained under these conditions.21 On the 

other hand, in MeCN solutions at reflux, the yield of 1[12] was only 9%.31 The same reaction conducted in a 

THF/aq NaOH system with [Bu4N]+Br- as a phase transfer catalyst gave the N-alkylated products isolated in 

yields 75-80%.12  

Method B involves electrophilic pyridine derivatives with a leaving group at the C(4) position. The most 

useful reagent is 4-chloropyridine (5) or its hydrochloride (5·HCl), available from 4-hydroxypyridine (3). The 

alkoxide nucleophile is generated from the appropriate alcohol 6[n] typically by using Na22,25,29 or NaH24 in 

excess alcohol as the solvent (typically in lower boiling alcohols, but also 1[10]25 and 1[18]22 were obtained 

this way) or with NaH in dry DMSO.5-7,23 There are also two reports of using NaOH in DMSO to generate the 
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alkoxide, but with no details provided.12,18  In another modification, 4-chloropyridine (5) or 4-bromopyridine is 

reacted with excess propanol (6[3]), K2CO3 and catalytic amounts of Zn(NO3)2·6H2O at 75 oC for 24 hours giving 

1[3] in 84% yield.30 In some earlier literature, N-(pyrid-4-yl)pyridinium hydrochloride19 and 4-

phenoxypyridine32,33 were reacted with RONa in excess alcohol to obtain some 1[n].  

One main advantage of the method described here is the clean formation of a single product, the desired 

4-alkoxypyridine (1[n]), which simplifies its isolation. The method can be more practical and less expensive 

without anhydrous conditions and using a less expensive base to generate the alkoxide. 

 

 
 

Figure 2. Two general methods for synthesis of 4-alkoxypyridines (1[n]).  

 

Here we report the preparation of 12 members of a homologous series 1[n] (n = 5–18, Figure 2) using a 

modified method B in which powdered NaOH is used in reagent grade DMSO. All derivatives were completely 

characterized including two new 4-alkoxypyridines, 1[11] and 1[13]. We demonstrate application of the 

pyridines by preparing a bis-zwitteronic derivative 2[13]. We also report three molecular structures obtained 

by single crystal XRD methods. 

 

 

Results and Discussion 

 

Synthesis 

A series of 4-alkoxypyridines 1[n] (n = 5–18) was obtained from 4-chloropyridine hydrochloride (5·HCl) and 

appropriate alcohol 6[n] in reagent grade DMSO (not dried) in the presence of finely divided NaOH (powder or 

sand, Scheme 1). The products were separated from the unreacted alcohol by short-path distillation (n ≤ 9), 

Kugel-Rohr distillation (n = 10–12) or column chromatographic separation for higher members of the series. 

The typical isolated yields for 1[n] under the optimized conditions were in the range 75-80% based on the 

alcohol. 
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Scheme 1. Synthesis of derivatives 1[n]. Reagents and conditions: i) NaOH powder or sand, 4-ClC5H4N·HCl 

(5·HCl), ROH (6[n]), DMSO, 80 oC, 16 h. 

 

Reaction conditions were optimized using 5·HCl and nonanol (6[9]) on 5 or 10 mmol scale in 10 or 20 mL 

of DMSO. Initial experiments demonstrated that for stoichiometric amounts of reagents (1:1 ratio) and excess 

base, significant amounts of alcohol 6[n] (20-30%) were unconsumed. This complicated separation of pure 

1[n], especially for higher members of the series for which differences in the properties diminish with n. 

Therefore, it was decided to use excess 5·HCl, which can be easily removed from the product either by 

aqueous work-up or by evaporation (as free base). It was established that full or nearly complete conversion 

(≥98%) of the alcohol requires 20% excess 5·HCl added in two portions: 1.0 equiv at the beginning and 0.2 

equiv after 0.5 h or later. Although for lower alcohols such as octanol the procedure is not economical due to 

the relatively high cost of 5·HCl, it might be efficient for rare alcohols, such as optically active citronellol.  

Experiments with various amounts of NaOH demonstrated that at least three equivalents per one 

equivalent of the alcohol is required and five equivalents is optimum for the reaction to be completed 

overnight at 80 oC. Monitoring progress of these test reactions with stoichiometric amounts of reagents (4·HCl 

: 6[9]: NaOH, 1:1:5) with 1H NMR spectroscopy demonstrated that within the first hour about 33% of 1[9] is 

formed, which increases to 71% after an additional 2 h, but does not change significantly overnight. 

Finally, the effect of temperature on reaction progress and the yield of the product were also briefly 

investigated using the 1H NMR of the crude reaction mixture stirred overnight. For the test reaction (5·HCl : 

6[9]: NaOH, 1:1:5), the yield of 1[n] or degree of conversion of 1-nonanol (6[9]), was 71% at 80 oC, 62% at 100 
oC and only 43% at 120 oC. This suggests chemical instability of the pyridine ring under highly caustic 

conditions at elevated temperatures. On the other hand, below 80 oC the reaction proceeded very slowly.   

The obtained pyridines 1[n] have been used for the preparation of zwitterionic derivatives of closo-

boranes.7,10  An example of such a synthesis is shown in Scheme 2. Thus, stirring of bis-phenyliodonium 

derivative 7 with excess pyridine 1[13] used as the solvent at 80 oC led to bis-pyridinium derivative 2[13] 

isolated by column chromatography in 51% yield. 
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Scheme 2. Synthesis of derivative 2[13]. Reagents and conditions: i) 4-C13H27OC5H4N (1[13]) neat, 80 oC, 12 h. 

 

Molecular and crystal structures  

Colorless crystals of 1[13] and 1[16] were obtained by slow evaporation of pentane solutions, while crystals of 

2[13] were grown from MeCN solutions. Their solid-state structures were determined by low temperature 

single crystal X-ray analysis and results are shown in Figures 3–5. Data collection and refinement details are 

provided in the Supplentary Material.34 

The pyridine derivative 1[13] forms monoclinic crystals with P21/n space group with four molecules in the 

unit cell. In contrast, 1[16] and 2[13] crystallize in a triclinic P  space group with a unit cell containing two 

molecules, as shown in Figure 3. 

The molecular dimensions in 1[13] and 1[16] are typical for alkoxy groups and the pyridine ring. The 

molecules have essentially Cs symmetry: the alkoxy chains are in a nearly ideal all-trans conformation and 

coplanar with the pyridine ring (the interplanar angle between the alkoxy chain and the pyridine ring is 1.9o 

and 2.4o, respectively). The total molecular length measured as the N…C(13) and N…C(16) distance is 20.26 Å 

and 24.20 Å, respectively. Similar planar molecular geometry and dimensions are observed in the 1[10] 

derivative.35 

 

 

 

Figure 3.  Unit cell packing diagram for 1[16] viewed along the ac axis. Thermal ellipsoid diagram drawn at 50% 

probability and the numbering system according to the chemical structure. Pertinent molecular dimensions: 

N(1)–C(2) 1.344(1) Å, C(2)–C(3) 1.379(1) Å, C(3)–C(4) 1.397(1) Å, C(5)–C(6) 1.382(1) Å, C(6)–N(1) 1.341(1) Å, 

C(4)–O 1.359(1) Å, O–CAlkyl 1.4433(9) Å, C(4)–O–CAlkyl  118.24(6)o,  C(6)–N(1)–C(2) 115.50(7)o. 

The molecular dimensions of the bis-pyridinium derivative 2[13] are similar to those reported for its three 

homologues.10 In contrast to its homologues, the solid-state structure of 2[13] shows no positional disorder 

and the alkoxy chains are in the all-trans conformation. Crystal packing forces impose a small angle between 

the planes of the alkoxy chain and the pyridine ring (19.7o and 18.6o), while the two pyridine rings are nearly 
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coplanar (6.8o). Overall, molecules of 2[13] adopt an S-shape, which is similar to that found for its 

homologues.10   

Molecules of 2[13] are closely packed in the unit cell with maximum interactions of the local B–N dipole 

moments (the B(1)…N intermolecular distance is 5.940(1) Å). 

 

 

 
 

Figure 4. Unit cell packing diagram for 2[13]. Thermal ellipsoid diagram drawn at 50% probability and the 

numbering system according to the chemical structure. Pertinent molecular dimensions: B(1)…B(10) 3.625(2) 

Å, B–N 1.526(1) and 1.530(1), N(1)–C(2) 1.354(2) Å, C(2)–C(3) 1.369(1) Å, C(3)–C(4) 1.397(1) Å, C(4)–C(5) 

1.397(1) Å, C(5)–C(6) 1.373(1) Å, C(6)–N(1) 1.349(1) Å, C(4)–O 1.339(1) Å, O–CAlkyl 1.453(1) Å, C(4)–O–CAlkyl  

117.4(1)o,  C(6)–N(1)–C(2) 118.1(1)o. 

The availability of the molecular structures for 1[13] and 2[13] permits the assessment of the effect of 

coordination of the nitrogen atom on pyridine ring geometry. Thus, the C(2)–C(3) and C(4)–O bonds contract 

by about -0.01 and -0.02 Å, respectively, while other bonds expand by an average of +0.01 (Figure 5a). Also, 

the C–N–C angle expands by +2.6o. These changes are consistent with shifting electron density from the 

oxygen atom towards the nitrogen atom and distortion towards a quinoid structure with localized double 

bonds such as in N-alkylpyridones.12 Similar results were obtained when structure of 2[13] is compared to that 

of 1[16].  The observed changes in bonding parallel those in 1H NMR chemical shifts, which reflect not only 

electron density redistribution, but also magnetic anisotropy of the ring current in the {closo-B10} cluster 

(Figure 5b). 

 

 
 

Figure 5. Effect of N-coordination on pyridine a) ring geometry b) NMR chemical shifts. The numbers represent 

the change a) in bond lengths (ΔÅ) and in angles (Δo) and b) NMR shifts (Δδ) from 1[13] to 2[13]. 
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Liquid crystalline behavior 

Thermal analysis of 2[13] revealed rich polymorphism as shown in Figure 6. Upon heating, the sample 

undergoes stepwise melting through four polymorphs before transitions at 160 oC to a 21 K wide nematic 

phase (Figure 7). Analysis of the cooling curve shows small hysteresis of the transitions, which suggests the 

formation of soft-crystalline phases. On the basis of powder XRD analysis for 2[12],10 the phase below the 

nematic phase can be assigned as a crystalline laminate phase, LamCr.  

 

 
 

Figure 6.  DSC trace of 2[13]. Transition temperatures and enthalpies (in italics): Cr1 88 (25.8) Cr2 96 (11.5) Cr3 

110 (10.4) X 115 (12.7) LamCr 162 (4.1) N 180 (0.8) I. The heating and cooling rates are 10 K min-1.  

 

 
 

Figure 7. Optical textures in polarized light of a) nematic phase (N, 170 oC), b) lamellar crystalline phase, 

(Lamcr, 140 oC), c) an unidentified X phase (90 oC), and d) crystalline phase (Cr, 80 oC) for 2[13] obtained on 

cooling for the same sample region. 

 

 

Summary and Conclusions 
 

A simple and efficient procedure for the preparation of series of 4-alkoxypyridines 1[n] was developed and 

demonstrated for 12 members of the series. Reaction conditions and isolation procedures were optimized and 
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all compounds were completely characterized using NMR, IR spectroscopy and MS spectrometry. The 

procedure is particularly useful for high value primary alcohols. Application of the pyridines was demonstrated 

by preparation of 2[13], a new homolog of the 2[n] series. A comparison of solid-state structures 

demonstrated pyridine ring geometry alteration upon coordination of the nitrogen atom. 

 

 

Experimental Section 

 

General. Reactions were carried out under Ar and subsequent manipulations were conducted in air. NMR 

spectra were obtained at 500 MHz (1H), 125 MHz (13C) and 160 MHz (11B) fields. Chemical shifts were 

referenced to the solvent (1H and 13C: 7.26 ppm and 77.16 ppm for CDCl3)36 or to an external sample of neat 

BF3·EtO in CDCl3 set at 0 ppm. All reagents and solvents: 1-alkanols (6[n]), 4-chloropyridine hydrochloride 

(5·HCl) and DMSO, were obtained from Sigma-Aldrich and used as received. Finely divided NaOH (sand) was 

obtained from Loudwolf Industrial and Scientific and stored in a desiccator. 

 

General procedure for synthesis of 4-alkoxypyridines (1[n])  

A 100 mL round bottom flask was flushed with argon and reagents added via funnel in the following order: 

finely divided sodium hydroxide (2.00 g, 50.0 mmol), alcohol 6[n] (10.0 mmol), and reagent grade DMSO (12 

mL). The mixture was heated with stirring to 80 °C under argon and 4-chloropyridine hydrochloride (5·HCl, 

1.50 g, 10.0 mmol) was added with DMSO rinse (8 mL). After approximately 30 min, an additional portion of 

5·HCl (0.300 g, 2.0 mmol) was added. The reaction was stirred and heated overnight. Water was added (20 

mL) and the mixture was extracted with EtOAc/hexane (1:1, 2 x 20 mL). The organic layer was separated, dried 

(Na2SO4), and solvent was removed under reduced pressure. Lower members of the series 1[n] were purified 

from traces of impurities and unreacted alcohol by short-path distillation (n ≤ 9) or Kugel-Rohr distillation (n = 

10–12), while higher members of the series 1[n] (n > 12) were purified by column chromatography using silica 

gel with gradient EtOAc/hexanes mixtures (starting from 5% up to 25% EtOAc) as eluent. Typical yields of 

isolated and purified products as colorless liquids or solids are in a range 75-80%. All 4-alkoxypyridines 1[n] 

exhibit the following characteristic IR vibrations: (neat) v 1595, 1571, 1473, 1286, 1216, 1022, 820 cm-1.  

4-Tridecyloxypyridine (1[13]). Mp 34-36 °C; 1H NMR (500 MHz, CDCl3) δ 0.88 (t, J 6.9 Hz, 3H), 1.24-1.35 (m, 

18H), 1.45 (quint, J 7.4 Hz, 2H), 1.79 (quint, J 7.2 Hz, 2H), 3.99 (t, J 6.6 Hz, 2H), 6.79 (dd, J1 4.8 Hz, J2 1.5 Hz, 2H), 

8.40-8.42 (m, 2H). 13C NMR (125 MHz, CDCl3): δ 14.2, 22.8, 26.0, 28.9, 29.4, 29.4, 29.6, 29.6, 29.7 (2C), 29.7, 

32.0, 67.9, 110.3, 151.1, 165.1. Anal. Calcd. for C18H31NO: C, 77.92; H, 11.26; N, 5.05. Found: C, 77.86; H, 11.40; 

N, 4.97 %.   

Analytical data for other derivatives 1[n] are provided in the Supporting Information. 

Preparation of [closo-B10H8-1,10-(NC5H4OC13H17)2] (2[13]). A mixture of [closo-B10H8-1,10-(IPh)2]37 (7, 200 mg, 

0.39 mmol) and 4-tridecyloxypyridine (1[13]), 1.5 mL) was stirred at 80 oC overnight. The mixture was 

separated by column chromatography (SiO2, CH2Cl2/hexane, 3:2) providing 133.5 mg (51% yield) of bis-

zwitterion 2[13] as the fluorescent fraction. The product was recrystallized four times from an MeCN/EtOH 

mixture to obtain 102 mg (39% yield) of higly purified product: 1H NMR (500 MHz, CDCl3) δ br m, 8H), 0.89 (t, J 

6.9 Hz, 6H), 1.25–1.40 (m, 36H), 1.47–1.54 (m, 4H), 1.90 (quint, J 7.2 Hz, 4H), 4.22 (t, J 6.6 Hz, 4H), 7.12 (d, J 7.5 

Hz, 4H), 9.34 (d, J 7.5 Hz, 4H). 13C NMR (125 MHz, CDCl3) δ 14.2, 22.8, 25.9, 28.7, 29.3, 29.5, 29.6, 29.7, 29.7, 

29.8, 70.2, 111.7, 149.6, 168.7; 11B NMR (160 MHz, CDCl3) δ -26.4 (d, J 120 Hz, 8B), 16.8 (s, 2B). Anal. Calcd. for 

C36H70B10N2O2: C, 64.43; H, 10.51; N, 4.17. Found: C, 64.67; H, 10.27; N, 4.21 %. 
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