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Abstract—O- and N-Alkylation products were obtained by reactions of pyridine-2-, -3-, and -4-carbaldehyde 
oximes with enantiomerically pure and racemic epoxy compounds (1,2-epoxypropane, 1-phenyl-1,2-epoxy-
ethane, 1-chloro-2,3-epoxypropane, and 1-bromo-2,3-epoxypropane) in the presence of bases and under condi-
tions of phase-transfer catalysis. A series of new amino alcohols was synthesized by condensation of amines 
with products of O-alkylation of pyridinecarbaldehyde oximes with 1-halo-2,3-epoxypropanes. 

* The text was submitted by the authors in English. 

Oximes and oxime ethers are important inter-
mediates in organic synthesis. Specifically, they are 
used for protection, alkylation [1–6], and regeneration 
of carbonyl compounds [7–10], in the synthesis of 
hydroxylamines, primary amines [11, 12], nitrones  
[3–5, 13], nitriles [14–16], and for the preparation of 
pharmaceuticals [1, 2, 17–20]. Some amino alcohols 
derived from oximes were found to exhibit properties 
of β-adrenergic blocking agents in vitro [21–23].  

In continuation of our previous studies [3, 4, 24], in 
the present work we synthesized a number of pyridin-
2-, -3-, and -4-carbaldehyde O- and N-alkyl oximes by 
reactions of the corresponding oximes IIa–IIc with 
racemic 1,2-epoxypropane, 1,2-epoxy-1-phenylethane, 
and 1-chloro-2,3-epoxypropane and enantiomerically 
pure (R)-(+)-1,2-epoxypropane and (R)-(+)-1,2-epoxy- 

1-phenylethane [4, 5]. The alkylation of oximes IIa–
IIc as mixtures of syn and anti isomers with racemic  
α-epoxides gave mixtures of isomeric O- and N-alkyla-
tion products IVa–IVf and Va–Vc [3–5] at a ratio of 
92 : 8 (Scheme 1). In the alkylation of the anti isomers, 
the ratio of the corresponding O- and N-substituted 
derivatives was 88 : 12, whereas syn isomers gave rise 
to O- and N-alkylation products at a ratio of 78 : 22. 
Compounds IV and V can readily be separated due to 
their different solubilities. O-Alkyl derivatives IV are 
soluble in diethyl ether, while N-alkyl oximes are 
soluble in chloroform. Therefore, compounds IVa–IVe 
were isolated by extraction with diethyl ether, and 
compounds Va–Vc were extracted into chloroform. In 
addition, the O- and N-substituted isomers can be 
separated by vacuum distillation (the boiling points of 
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I–V, R1 = pyridin-2-yl (a, d), pyridin-3-yl (b, e), pyridin-4-yl (c, f); IV, V, R2 = Me (a–c); IV, R2 = Ph (d–f). 
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Table 1. Yields and melting points of compounds IVa–IVf, Va–Vc, and VIIa–VIIc 

Сomp. no. R1 R2 Yield, % mp, °C Formula 

IVa 2-Pyridyl CH3 38 78–79 C9H12N2O2 

Va 2-Pyridyl CH3 07 93–94 C9H12N2O2 

IVb 3-Pyridyl CH3 42 106 C9H12N2O2 

Vb 3-Pyridyl CH3 6.5 128 C9H12N2O2 

IVc 4-Pyridyl CH3 34 105 C9H12N2O2 

Vc 4-Pyridyl CH3 0.08.5 118 C9H12N2O2 

IVd 2-Pyridyl C6H5 36 101–102 C14H14N2O2 

IVe 3-Pyridyl C6H5 39 108 C14H14N2O2 

IVf 4-Pyridyl C6H5 44 115 C14H14N2O2 

VIIa (E)-2-Pyridyl C4H8O (R2R3) a45a 112–113 C13H19N3O3 

VIIb (E)-3-Pyridyl C5H10 (R
2R3) b35b 064 C14H21N3O2 

VIIc (E)-4-Pyridyl iso-C3H7 
c48c 134–136 C12H19N3O2 

a Method B; yield 12 % (A), 27 % (C). 
b Method B; yield 7 % (A), 8.5 % (C). 
c Method B; yield 32 % (A), 14 % (C). 

VI, VII, R1 = pyridin-2-yl (a), pyridin-3-yl (b), pyridin-4-yl (c); VII, R2R3N = morpholino (a), piperidino (b); R2 = i-Pr, R3 = H (c). 
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the latter range from 80 to 100°C) or by preparative 
thin-layer chromatography on aluminum oxide (eluent 
chloroform–diethyl ether, 5 : 1; Rf 0.46 and 0.78 for the 
O- and N-substituted isomers, respectively).  

The IR spectra of compounds IVa–IVf and Va–Vc 
characteristically contained absorption bands at 920–
930 and 1260–1270 cm–1, belonging to vibrations of 
the N–O and N→O bonds, respectively. The E con-
figuration of oximes IIa–IIc is confirmed by a color 
test (red–brown color) with iron(II) salts and formation 
of green chelates with copper(II) ions [24]. In the  
1H NMR spectra of IVa–IVf, the difference between 
the chemical shifts of the OH and CH=N protons was 
3.1 ppm, which is typical of E isomers [24, 25]; the 
corresponding difference in the spectra of (Z)-oximes 
IIa and IId is 3.9 ppm [26, 27]. 

The yield of the alkylation products strongly de-
pended on the solvent nature and catalyst. As a rule, 
poor yields were obtained on treatment of the oxime 
sodium salts with 1-chloro-2,3-epoxypropane in hetero-
geneous medium. Only in the reaction of IIa with  
(R)-(+)-1,2-epoxypropane and (R)-(+)-1,2-epoxy-1-
phenylethane in anhydrous tetrahydrofuran (method A) 

the corresponding O-alkylated products IVd and IVe 
were isolated in a good yield (Scheme 1). 

Compounds IVa–IVf were also prepared in good 
yields using a liquid–solid heterophase system (aceto-
nitrile) in the presence of 2-(2-methoxyethoxy)ethan-
amine as phase-transfer catalyst (method B). Com-
pounds IVa–IVf and Va–Vc were isolated as mixtures 
of anti and syn isomers. [28]. Oxime sodium salts 
IIIa–IIIc (E isomers) were converted into ethers VIa–
VIc by treatment with 1-halo-2,3-epoxy-propanes in 
anhydrous ether in the presence of a base (Scheme 2). 
Depending on the conditions, the reaction involved 
replacement of the halogen atom or opening of the 
oxirane ring [22, 25]. The use of 2-(2-methoxyethoxy)-
ethanamine ensured better results as compared to tetra-
butylammonium bromide (TBAB) (method C). Ethers 
VIa–VIc were treated (without additional purification) 
with amines (morpholine, piperidine, or isopropyl-
amine) in a phosphate buffer (pH 7.3) to obtain amino 
alcohols VIIa–VIIc (Scheme 2, Table 1). The absolute 
configuration of chiral compounds IVc and Vc was not 
determined because of the lack of the corresponding 
optically pure enantiomers with known configuration. 
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Table 2. IR and 1H NMR spectra of compounds IVa–IVf, Va–Vc, and VIIa–VIIc 

Comp. 
no. 

IR spectrum, ν, cm–1 
1H NMR spectrum, δ, ppm 

C=N N–O or N→O OH 

IVa 1670 965 1080, 3450 
8.60 d (1H, 3-H, J = 6 Hz), 7.91 d (1H, 5-H, J = 6 Hz ), 7.69 d (1H, 6-H, J =  

6 Hz), 7.53 s (1H, CH=N), 7.40 d (1H, 4-H, J = 6 Hz ), 6.20 s (1H, OH), 
4.15–3.93 m (2H, OCH2), 3.05–2.85 m (1H, CHCH3), 1.10 s (3H, CH3) 

Va 1635, 1175 1265 1075, 3400 

8.50 d (1H, 3-H, J = 6 Hz), 7.96 d (1H, 5-H, J = 6 Hz), 7.52 d (1H, 6-H, J = 
6 Hz), 6.84 s (1H, CH=N+O–), 6.55 d (1H, 4-H, J = 6 Hz), 6.10 s (1H, 
OH), 3.44–3.23 m (2H, CH2N

+), 2.70–2.57 m (1H, CHCH3), 1.3 s (3H, 
CH3) 

IVb 1630 930 1070, 3450 
8.79 d (1H, 2-H, J = 6 Hz), 8.62 d (1H, 4-H, J = 6 Hz), 8.10 d (1H, 6-H, J = 

6 Hz), 7.58 d (1H, 5-H, J = 6 Hz), 7.44 s (1H, CH=N), 5.90 s (1H, OH), 
4.11–3.94 m (2H, OCH2), 3.08–2.82 m (1H, CHCH3), 1.02 s (3H, CH3) 

Vb 1620 935 1065, 3400 
8.70 d (2H, 2-H, 4-H, J = 6 Hz), 7.86 d (1H, 6-H, J = 6 Hz), 7.38 s (1H, 

CH=N+O–), 7.32 d (1H, 5-H, J = 6 Hz), 6.14 s (1H, OH), 3.40–3.21 m (2H, 
CH2N

+), 2.68–2.53 m (1H, CHCH3), 1.3 s (3H, CH3) 

IVc 1640 930 1070, 3450 
8.80 d (2H, 3-H, 5-H, J = 6 Hz), 8.10 d (2H, 2-H, 6-H, J = 6 Hz), 7.70 s (1H, 

CH=N), 6.23 s (1H, OH), 4.16–3.98 m (2H, OCH2), 3.10–2.80 m (1H, 
CHCH3), 1.0 s (3H, CH3) 

Vc 1615, 1175 1265 1075, 3400 
8.60 d (2H, 3-H, 5-H, J = 6 Hz), 7.10 d (2H, 2-H, 6-H, J = 6 Hz), 6.85 s (1H, 

CH=N+O–), 6.02 s (1H, OH), 3.41–3.18 m (2H, CH2N
+), 2.73–2.61 m (1H, 

CHCH3), 1.1 s (3H, CH3) 

IVd 1630 960 1080, 3480 

8.65 d (1H, 3-H, J = 6 Hz), 8.12 d (1H, 5-H, J = 6 Hz), 7.75 d (1H, 6-H, J = 
6 Hz), 7.48 s (1H, CH=N), 7.35–7.24 m (5H, Harom), 7.22 d (1H, 4-H, J =  
6 Hz), 6.12 s (1H, OH), 4.23–3.95 m (2H, OCH2), 3.58–3.31 m (1H, 
PhCH) 

IVe 1640 930 1050, 3450 

8.72 d (1H, 2-H, J = 6 Hz), 8.60 d (1H, 4-H, J = 6 Hz), 8.12 d (1H, 6-H, J = 
6 Hz), 7.58 d (1H, 5-H, J = 6 Hz), 7.44 s (1H, CH=N), 7.30–7.21 m (5H, 
Harom), 5.98 s (1H, OH), 4.21–3.92 m (2H, OCH2), 3.54–3.29 m (1H, 
PhCH) 

IVf 1630 920 1030, 3440 
8.80 d (2H, 3-H, 5-H, J = 6 Hz), 8.10 d (2H, 2-H, 6-H, J = 6 Hz), 7.70 s (1H, 

CH=N), 7.28–7.24 m (5H, Harom), 6.14 s (1H, OH), 4.19–3.91 m (2H, 
OCH2), 3.451–3.26 m (1H, PhCH) 

VIIa 1645 920 1075, 3400 

8.63 d (1H, 3-H, J = 6 Hz), 8.05 d (1H, 5-H, J = 6 Hz), 7.71 d (1H, 6-H, J = 
6 Hz), 7.55 s (1H, CH=N), 7.44 d (1H, 4-H, J = 6 Hz), 6.20 s (1H, OH), 
3.86–3.63 m (2H, OCH2), 3.65–3.46 m (1H, CHCH2N), 3.61 t (4H, 
OCH2CH2, J = 6 Hz), 2.65–2.51 m (2H, CHCH2N), 2.43–2.29 m (4H, 
CH2N) 

VIIb 1670 935 1080, 3450 

8.72 d (1H, 2-H, J = 6 Hz), 8.63 d (1H, 4-H, J = 6 Hz), 7.95 d (1H, 6-H, J = 
6 Hz), 7.55 d (1H, 5-H, J = 6 Hz), 7.46 s (1H, CH=N), 6.47 s (1H, OH), 
3.83–3.68 m (2H, OCH2), 3.62–3.42 m (1H, CHCH2N), 2.63–2.48 m (2H, 
CHCH2N), 2.33–2.21 m (4H, CH2N), 1.65–1.40 m (6H, CH2) 

VIIc 1660 920 1055, 3430 

8.65 d (2H, 3-H, 5-H, J = 6 Hz), 8.35 d (2H, 2-H, 6-H, J = 6 Hz), 7.53 s (1H, 
CH=N), 6.42 s (1H, OH), 6.13 s (1H, CH2NH), 3.83–3.68 m (2H, OCH2), 
3.60–3.39 m (1H, CHCH2NH), 2.63–2.48 m (2H, CHCH2NH), 2.85 s [1H, 
CH(CH3)2], 1.12 s (6H, CH3) 



EXPERIMENTAL 

The melting points were determined on a Buchi 
capillary melting point apparatus and were not cor-
rected. The IR spectra were recorded on a Pye Unicam 
SP 1025 spectrometer. The 1H NMR spectra were 
measured on a Bruker Avance DPX 400 instrument 
using CDCl3 as solvent and tetramethylsilane as in-
ternal reference. The elemental analyses were obtained 
on a Carlo Erba 1106 automatic analyzer; the experi-
mental values coincided with the calculated ones 
within ± 0.4% (unless otherwise stated). The solvents 
and reagents used were commercial products (Aldrich 
or Merck). Thin-layer chromatography was performed 
using Kieselgel 60 F254 plates (Merck); spots were 
visualized under UV light. Silica gel Kieselgel 60 
(0.040–0.063 mm, Merck) was used for preparative 
chromatography. The yields, melting points, and spec-
tral parameters of the newly synthesized compounds 
are given in Tables 1 and 2. 

Reactions of pyridine-2-, -3-, and -4-carbalde-
hyde oximes IIa–IIc with α-epoxides. Method A. 
Pyridinecarbaldehyde oxime IIa–IIc, 0.025 mol, was 
added to a solution of sodium methoxide, prepared 
from 0.025 mol of metallic sodium and 25 ml of anhy-
drous methanol, and the mixture was heated for 1.5 h 
under reflux. The solvent was removed under reduced 
pressure, the residue was dissolved in acetonitrile, 
DMF, or DMSO, 1.75 ml (0.025 mol) of 1,2-epoxy-
propane or 2.85 ml (0.025 mol) of 1,2-epoxy-1-phenyl-
ethane was added, and the mixture was stirred for 4.5 h 
at 15–20°C. The solvent was removed under reduced 
pressure, and the residue was treated with water and 
extracted with diethyl ether or chloroform (3 × 30 ml). 
The organic extract was dried over anhydrous calcium 
chloride and evaporated, and the oily residue was 
purified by chromatography on aluminum oxide using 
methanol as eluent. 

Method B. Pyridinecarbaldehyde oxime IIa or IIb, 
0.025 mol, was added to a solution of sodium ethox-
ide, prepared from 0.025 mol of metallic sodium and 
25 ml of anhydrous ethanol, and the mixture was 
heated for 1 h under reflux. The solvent was removed 
under reduced pressure, the residue was dissolved in 
40 ml of acetonitrile containing 0.1 ml of 2-(2-meth-
oxyethoxy)ethanamine, 2 ml (2.3 g, 0.025 mol) of  
1-chloro-2,3-epoxypropane was added, and the mix-
ture was stirred for 16–18 h at 20°C. The solvent was 
removed under reduced pressure, and the residue was 
extracted with diethyl ether or chloroform. The extract 
was dried over MgSO4 and evaporated, and the residue 

(compound VIa or VIb) was recrystallized from ethyl 
acetate and additionally purified by thin-layer chroma-
tography using methanol–chloroform (5 : 1) as eluent. 

Method C. Pyridinecarbaldehyde oxime IIa–IIc, 
0.025 mol, was added over a period of 35 min to  
a mixture of 1.2 g (0.030 mol) of NaOH, 6 ml of H2O, 
15 ml of benzene or toluene, 1.1 g (0.0012 mol) of 
tetrabutylammonium bromide, and 0.025 mol of  
1-chloro-2,3-epoxypropane or 1-bromo-2,3-epoxy-
propane under stirring at 60–65°C. The mixture was 
stirred for 1.5 h at 70–75°C and extracted with diethyl 
ether, the extract was dried over anhydrous sodium 
sulfate and evaporated, and the residue was recrystal-
lized from ethyl acetate and additionally purified by 
column chromatography on aluminum oxide (CH2Cl2–
MeOH, 3 : 1). 

1-Amino-3-(pyridylmethylideneaminooxy)-
propan-2-ols VIIa–VIIc (general procedure). Oxime 
IIa–IIc, 0.032 mol, was added to a solution of sodium 
methoxide, prepared from 0.032 mol of metallic 
sodium and 25 ml of anhydrous methanol, and the 
mixture was heated for 1 h under reflux. The solvent 
was removed under reduced pressure, the residue was 
dissolved in 40 ml of acetonitrile containing 0.1 ml of 
2-(2-methoxyethoxy)ethanamine, 0.048 mol of  
1-chloro- or 1-bromo-2,3-epoxypropane was added, 
the mixture was stirred for 22 h, the precipitate of 
NaCl or NaBr was filtered off, and the filtrate was 
evaporated under reduced pressure to leave crude 
epoxy derivative VIa–VIc as an oily substance. The 
crude product was dissolved in 15 ml of a phosphate 
buffer (pH 7.2) containing 10 ml of the corresponding 
amine (as a solution in acetone), and the mixture was 
left to stand for 22 h at room temperature. The solvent 
was removed under reduced pressure, the residue was 
diluted with water and extracted with ethyl acetate, and 
the extract was dried over Na2SO4, filtered, and evap-
orated to dryness. Compounds VIIa–VIIc were recrys-
tallized from chloroform. 
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