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Synthesis and structure of thiourea derivatives of functionally substituted pyridines 

The article presents data on the synthesis and study of the structure of thiourea derivatives of functionally 

substituted pyridines. New thiourea derivatives containing a pharmacologically active pyridine moiety in their 

structure were obtained. As the starting synton, 2-amino-5-bromopyridine, 2-amino-3-hydroxypyridine and 

2-aminomethylpyridine were selected. It was shown that the interaction of 2-amino-5-bromopyridine, 

2-amino-3-hydroxypyridine and 2-aminomethylpyridine with ethyl and phenylisothiocyanates in ethanol 

leads to the formation of the corresponding pyridine-containing thioureas. The synthesis of the initial 

isothiocyanates was carriedout in situ from the corresponding acidic chlorides (benzoyl chloride and 

p-brombenzoyl chloride) by heating them with potassium thiocyanate in acetone. The structure of the synthe-

sized compounds was studied by 1H and 13C NMR spectroscopy, as well as by the data of two-dimensional 

spectra of COSY (1H-1H) and HMQC (1H-13C). The values of chemical shifts, multiplicity, and integrated in-

tensity of 1H and 13C signals in one-dimensional NMR spectra were determined. Using spectra in the formats 

COSY (1Н-1Н) and HMQC (1Н-13С), homo- and heteronuclear interactions were established, confirming the 

structure of the studied compounds. 

Keywords: ethylisothiocyanates, phenylisothiocyanates, 2-amino-5-bromopyridine, 2-amino-3-hydroxy-

pyridine, 2-aminomethylpyridine, thioureas, 2-aminopyridine, 1H and 13C NMR spectra. 

 

Introduction 

It is known that the pyridine cycle is part of many vital organic compounds, which determines it’s one 

of the leading roles among heterocycles. Compounds including the pyridine ring are widely used in nature 

[1–5]. Pyridine derivatives have found various practical applications, for example, as pesticides, herbicides 

(dithiopyr, imazachine, nicosulfuron, ivinpicolinic acid) and drugs (isoniazid, phthivazide, nialamide, 

promedol, and many others) [2, 3]. A significant part of the biologically active derivatives of pyridine is 

aminopyridines [5]. An example is suprastin, which has an antihistamine effect and is used for treatment of 

allergic dermatoses. Another example is the triamine derivative of phenazopyridine, which is used as an an-

algesic at painful urination. 

Currently, 2-aminopyridines are widely used as key building blocks in the search and synthesis of anti-

HIV/antiviral [6–9], anti-tuberculosis [10–13], analgesic [14, 15] and anti-cancer drugs [16–18]. 

Experimental 

1
H and 

13
C NMR spectra (DMSO-d6) were recorded on a JNM-ECA Jeol 400 spectrometer (399.78 and 

100.53 MHz respectively) relative to the signals of residual protons or carbon atoms of a deuterated solvent. 

The melting point of the substances was determined on an SMP10 digital instrument. The reaction progress 

https://doi.org/10.31489/2021Ch1/4-11
mailto:nurkenov_oral@mail.ru
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and the purity of the obtained compounds were monitored by thin layer chromatography on Silufol UV-254 

plates in an isopropyl alcohol-ammonia-water system, 7:2:1. The plates showed iodine vapor. 

1-(5-Bromopyridin-2-yl)-3-ethylthiourea (5). When stirring, 0.3 g (0.003 mol) of ethylisothiocyanate is 

added drop by drop to a solution of 0.5 g (0.003 mol) of 2-amino-5-brompyridine in 10 ml of ethanol. When 

stirring, 0.3 g (0.003 mol) of ethylisothiocyanate is added drop by drop to a solution of 0.5 g (0.003 mol) of 

2-amino-5-brompyridine in 10 ml of ethanol. The reaction mixture was heated at 50–60 ºC for 6 hours. The 

completion of the reaction was monitored by TLC. Next, the reaction mixture was cooled, the precipitate 

formed was filtered off and recrystallized from ethanol. Obtained 0.38 g (49 %) of substance 5 with m.p. 

120–121 ºC. 
1
Н NMR spectrum, δ, ppm (J, Hz): 1.15 t (2Н, Н-12,12,12, 3J 7.4), 3.57 q (2Н, Н-11,11, 3J 

7.2), 7.10 d (1Н, Н-3, 3J 8.8), 7.91 dd (1Н, Н-4, 3J 11.6, 4J 2.8), 8.28 d (1Н, Н-6, 4J 2.8), 10.59 br.s (1Н, 

Н-7), 11.11 br. s (1Н, Н-11). 
13

C NMR spectrum, δC, ppm: 14.47 (С-12), 39.46 (С-11), 105.61 (С-5), 

112.29 (С-3), 116.04 (С-6), 146.63 (С-4), 159.16 (С-2), 179.60 (С-8). Cross peaks of the COSY (
1
H-

1
H) 

NMR spectra, ppm: Н12-Н11 (1.15, 3.57 and 3.54, 1.15), Н3-Н4 (7.11, 7.92 and 7.92, 7.11). Cross peaks of 

the HMQC (
1
H-

13
C) NMR spectra, ppm: Н12-С12 (1.12, 14.36), Н11-С11 (3.58, 9.67), Н3-С3 (7.11, 

112.30), Н4-С4 (7.91, 146.50), Н6-С6 (8.27, 116.05). 

1-(5-Bromopyridin-2-yl)-3-phenylthiourea (6) was obtained analogously to compound 5 from 0.5 g 

(0.003 mol) of 2-amino-5-bromopyridine and 0.4 g (0.003 mol) of phenyl-isothiocyanate. Obtained 0.43 g 

(41 %) of substance 6 with m.p. 229–230 ºC. 
1
Н NMR spectrum, δ, ppm (J, Hz): 7.16–7.24 m (2Н, Н-3,15), 

7.35 t (2Н, Н-14,16, 3J 7.6), 7.64 d (2Н, Н-13,17, 3J 8.4), 8.00 dd (1Н, Н-4, 3J 9.2, 4J 2.8), 8.41 d (1Н, Н-6, 

4J 2.4), 8.41 br. s (2Н, Н-7,11). 
13

C NMR spectrum, δC, ppm: 112.82 (С-5), 115.43 (С-3), 124.84 (С-13,17), 

126.16 (С-15), 129.03 (С-14,16), 139.21 (С-12), 142.25 (С-4), 146.73 (С-6), 152.75 (С-2), 178.62 (С-8). 

Cross peaks of the COSY (
1
H-

1
H) NMR spectra, ppm: Н15-Н14,16 (7.18, 7.31 and 7.31, 7.18), Н14,16-

Н13,17 (7.31, 7.63 and 7.63, 7.31), Н3-Н4 (7.21, 7.98 and 7.98, 7.21). Cross peaks of the HMQC (
1
H-

13
C) 

NMR spectra, ppm: Н3-С3 (7.17, 115.23), Н15-С15 (7.25, 126.16), Н14,16-С14,16 (7.34, 129.18), Н13,17-

С13,17 (7.67, 124.86), Н4-С4 (8.02, 142.14) and Н6-С6 (8.46, 146.76). 

N-((5-Bromopyridin-2-yl)carbamothioyl)benzamide (7). While striring on a magnetic stirrer, 0.11 g 

(0.0012 mol) of potassium thiocyanate was added to a solution of 0.17 g (0.0012 mol) of benzoyl chloride in 

10 ml of acetone. It was stirred at reflux for 2 hours, and then filtered through a paper filter to a solution of 

0.2 g (0.0012 mol) of 2-amino-5-bromopyridine in 10 ml of acetone. Then it was stirred at 30–40 ºC for 

3 hours. The solvent was distilled off. The residue was crystallized upon cooling with isopropanol. The 

product was recrystallized from isopropyl alcohol. Obtained 0.22 г (55 %) white powder with m.p. 159–

160 ºC. 
1
Н NMR spectrum, δ, ppm (J, Hz): 1.31–1.52 m (1Н. Н9ax), 1.53–1.61 m (3Н, Н8ах,10ах,9eq), 

1.70–1.88 m (1Н, Н8eq), 2.18–2.40 m (1Н, Н10eq), 2.76–2.84 m (2Н, Н4ах,7ах), 2.96–2.98 m (1Н, Н7eq), 

3.58–3.65 m (2Н, H4eq, Н-11), 4.58 br. s (1Н, Н1), 5.12–5.21 m (1Н, Н5), 7.18–7.22 m (3Н, Н14,15,16), 

7.25–7.37 m (4Н, Н13,17,22,23), 8.40–8.50 (2Н, Н19,21). 
13

C NMR spectrum, δC, ppm: 19.43 (С9), 25.93 

(С8), 26.96 (С10), 42.12 (С11), 42.14 (С4), 49.01 (С7), 70.49 (С5), 126.29 (С14,15,16), 127.58 (С15,21), 

128.61 (С13,17,19,23), 134.60 (С13,17,22,23), 141.20 (С18), 141.22 (С12), 148.61 (С19,21). Cross peaks of 

the COSY (
1
H-

1
H) NMR spectra, ppm: Н4ах-Н5 (2.76, 5.16 and 5.16, 2.75), Н13,17-Н14,16 (7.34, 7.16 and 

7.16, 7.34), Н21,23-Н22 (8.39, 7.34 и 7.34, 8.39). Cross peaks of the HMQC (
1
H-

13
C) NMR spectra, ppm: 

Н4ах-С4 (2.75, 42.19), Н4eq-С4 (3.64, 42.19), Н5-С5 (5.20, 70.38), Н8ax-С8 (1.53, 25.86), Н8eq-С8 (1.73, 

25.86), Н9ax-С9 (1.37, 19.54), Н9eq-С9 (1.61, 19.54), Н10eq-С10 (2.25, 26.85), Н11-С11 (3.58, 42.12), 

Н22-С22 (7.34, 134.83). 

4-Bromo-N-((5-bromopyridin-2-yl)carbamothioyl)benzamide (8) was obtained analogously to com-

pound 7. Obtained 0.2 g (40 %) white powder with m.p. 205–207 ºС. 
1
Н NMR spectrum, δ, ppm (J, Hz): 

7.73–7.85 m (4Н, Н-15,16,18,19), 8.10–8.54 m (3Н, Н-3,4,6), 11.97 br. s (2Н, Н-7,11). 
13

C NMR spectrum, 

δC, ppm: 115.93 (С-5), 117.54 (С-3), 127.74 (С-17), 131.24 (С-15,19), 132.09 (С-16,18), 138.59 (С-14), 

141.23 (С-4), 149.45 (С-6), 150.70 (С-2), 167.80 (С-12), 178.43 (С-8). Cross peaks of the COSY (
1
H-

1
H) 

NMR spectra, ppm: Н16,18-Н15,19 (7.72, 7.83 and 7.83, 7.72). Cross peaks of the HMQC (1H-13C) NMR 

spectra, ppm: Н16,18-С16,18 (27.72, 132.17). 

1-(3-Hydroxypyridin-2-yl)-3-phenylthiourea (9). 1.23 g (0.009 mol) of phenylisothiocyanate is added 

dropwise with stirring to a solution of 1g (0.009 mol) of 2-amino-3-hydroxypyridine in 10 ml of ethanol. The 

reaction mixture was heated at 50–60 ºC for 6 hours. The completion of the reaction was monitored by TLC. 

Then the reaction mixture was cooled, the precipitate formed was filtered off and recrystallized from isopro-

panol. Obtained 0.9 g (41 %) of substance 9 with m.p. 258–259 ºС. 
1
Н NMR spectrum, δ, ppm (J, Hz): 7.03–

7.09 m (2Н. Н-5,15), 7.36 t (2Н, Н-14,16, 3J 7.6), 7.73 d (2Н, Н-13,17, 3J 8.7), 7.79 d (1Н, Н-4, 3J 8.2), 
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8.19 d (1Н, Н-6, 3J 5.0), 9.91 br. s (1Н, Н-10), 10.88 br. s (2Н, Н-7,11). 
13

C NMR spectrum, δC, ppm: 

115.64 (С-5), 116.97 (С-4), 118.15 (С-13,17), 122.81 (С-15), 128.89 (С-14,16), 138.02 (С-12), 139.57 

(С-6), 144.26 (С-3), 157.04 (С-2), 159.94 (С-8). Cross peaks of the COSY (
1
H-

1
H) NMR spectra, ppm: Н15-

Н14,16 (7.03, 7.35 и 7.35, 7.03), Н5-Н6 (7.03, 8.17 and 8.17, 5.03), Н5-Н4 (7.05, 7.78 и 7.78, 7.05), 

Н14,16-Н13,17 (7.35, 7.72 and 7.72, 7.35). Cross peaks of the HMQC (
1
H-

13
C) NMR spectra, ppm: Н13,15-

С13,15 (7.38, 117.59), Н14,16-С14,16 (7.34, 129.51), Н4-С4 (7.72, 118.80), Н6-С6 (8.19, 139.58). 

1-Ethyl-3-(pyridin-2-ylmethyl)thiourea (10). When stirring, 0.78 g (0.009 mol) of ethylisothiocyanate 

was added dropwise to a solution of 1 g (0.009 mol) of 2-aminomethylpyridine in 10 ml of ethanol. The reac-

tion mixture was heated at 50–60 ºC for 2 hours. The completion of the reaction was monitored by TLC. 

Then the reaction mixture was cooled, the precipitate formed was filtered off and recrystallized from isopro-

panol. Obtained 1.44 g (66 %) of substance with m.p. 66–67 ºС. 
1
Н NMR spectrum, δ, ppm (J, Hz): 1.05 t 

(3Н, Н-13,13,13, 3J 7.6), 3.37 br. s (2Н, Н-12,12), 4.70 s (Н, Н-7,7), 7.20–7.26 m (2Н, Н-3,5), 7.68–7.73 m 

(2Н, Н-2,4), 7.83 br. s (1Н, Н-8), 8.43 br. s (1Н, Н-11). 
13

C NMR spectrum, δC, ppm: 14.93 (С-13), 38.96 

(С-12), 49.24 (С-7), 121.81 (С-5), 122.62 (С-3), 137.16 (С-4), 149.24 (С-2), 158.76 (С-6) and 182.91 (С-9). 

Cross peaks of the COSY (
1
H-

1
H) NMR spectra, ppm: Н13-Н12 (1.05, 3.2 and 3.34, 1.04), Н3,5-Н2,4 (7.22, 

7.72 and 7.69, 7.25). Cross peaks of the HMQC (1H-13C) NMR spectra, ppm: Н13-С13 (1.01, 13.37), Н12-

С12 (3.34, 38.97), Н7-С7 (4.68, 49.06), Н3,5-С3,5 (7.21, 121.84), Н4-С4 (7.70, 137.25) and Н2-С2 (8.45, 

149.25). 

1-Phenyl-3-(pyridin-2-ylmethyl)thiourea 11 was obtained analogously to compound 10 from 1 g 

(0.009 mol) of 2-aminomethylpyridine and 1.22 g (0.009 mol) of phenylisothiocyanate. Obtained 1.2 g 

(43 %) of substance 11 with m.p. 109–110 ºС. 
1
Н NMR spectrum, δ, ppm (J, Hz): 4.80 d (2Н. Н-7,7, 3J 5.4), 

7.09 d (1Н, Н-15, 3J 7.4), 7.25 t (1Н, Н-3, 3J 4.8), 7.28–7.34 m (3Н, Н-5,14,16), 7.47 d (2Н, Н-13,17, 3J 

8.4), 7.74 dd (1Н, Н-4, 3J 7.6. 4J 1.2), 8.23 br. s (1Н, Н-8), 8.49 d (1Н, Н-2, 3J 4.8), 10.94 br. s (1Н, Н-11). 
13

C NMR spectrum, δC, ppm: 49.46 (С-7), 121.99 (С-3), 122.73 (С-13,17), 123.75 (С-5), 124.84 (С-14,16), 

129.19 (С-15), 137.24 (С-4), 139.77 (С-12), 149.27 (С-2), 158.08 (С-6), 181.33 (С-9). Cross peaks of the 

COSY (
1
H-

1
H) NMR spectra, ppm: Н7-Н8 (4.78, 8.23 and 8.21, 4.80), Н15-Н14,16 (7.08, 7.30 and 7.30, 

7.08), Н14,16-Н13,17 (7.26, 7.46 and 7.46, 7.26), Н5-Н4 (7.26, 7.72 and 7.72, 7.26), Н7-Н8 (4.78, 8.23 and 

8.21, 4.80). Cross peaks of the HMQC (
1
H-

13
C) NMR spectra, ppm: Н7-С7 (4.79, 49.45), Н5-С5 (7.28, 

123.87), Н4-С4 (7.72, 137.16), Н2-С2 (8.53, 149.15). 

Results and Discussion 

In the present work, in order to obtain new thiourea compounds, we selected 2-amino-5-bromopyridine, 

2-amino-3-hydroxypyridine, and 2-aminomethylpyridine as the initial synton. By the interaction of the above 

2-aminopyridines with ethyl and phenylisothiocyanates in ethanol, their thiourea derivatives 5, 6 and 9–11 

were synthesized. The syntheses of new acyl derivatives of thiourea 7, 8 were also studied. The synthesis of 

new compounds was carried out by the interaction of isothiocyanates 1–4 with 2-amino-5-bromopyridine, 2-

amino-3-hydroxypyridine and 2-aminomethylpyridine. Isothiocyanates 1–4 were obtained by the interaction 

of potassium thiocyanate with the corresponding chlorides (benzoyl chloride and p-bromobenzoyl chloride) 

under in situ interaction conditions. 
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The obtained compounds 5–11 after recrystallization are white crystalline substances, soluble in most 

organic solvents, except saturated hydrocarbons. The structure of the synthesized compound 5–11 was 

proved by 
1
H and 

13
C NMR spectroscopy, as well as by the data of the two-dimensional spectrum of HMQC 

(
1
H-

13
C). 

The 
1
H NMR spectrum of compound 6 is characterized by the presence of phenyl radical protons in the 

low-field part of the spectrum of signals. Symmetrically located methine protons Н-14,16 and H-13,17 are 

manifested by a two-proton triplet at 7.35 (3J 7.6 Hz) and a two-proton doublet at 7.64 (3J 8.4 Hz) ppm re-

spectively. The remaining phenyl proton H-15 was manifested together with the pyridine proton H-3 by a 

two-proton multiplet at 7.16–7.24 ppm. The pyridine protons H-4 and H-6 resonated with a single-proton 

doublet of doublets at 8.00 ppm with 3J 9.2 Hz and 4J 2.8 Hz and a doublet at 8.41 ppm with 4J 2.4 Hz re-

spectively. In the weakest field of the spectrum at 10.94 ppm with a broadened two-proton singlet, thioamide 

protons Н-7 and H-11 appeared. 

 

In the carbon spectrum of compound 6, NMR signals of 
13

C nuclei of the phenyl radical are observed at 

124.84 (C-13.17), 126.16 (C-15), 129.03 ppm (C-14.16) and 139.21 ppm (C-12). The carbon atoms of the 

pyridine heterocycle give signals at 112.82 (C-5), 115.43 (C-3), 142.25 (C-4), 146.73 (C-6) and 152.75  

(C-2) ppm. The most weak-field signal at 178.62 ppm refers to carbon at the sulfur atom C-8. 

The structure of compound 6 was also confirmed by the methods of two-dimensional spectroscopy 

COSY (
1
H-

1
H) and HMQC (

1
H-

13
C), which allows one to establish spin-spin interactions of a homo- and 

heteronuclear nature. The observed correlations in the molecule are shown in Figures 1 and 2. In the spectra 

of the 
1
H-

1
H COSY compound, spin-spin correlations are observed through three proton bonds of the neigh-

boring methine groups H15-H14,16 (7.18, 7.31 and 7.31, 7.18) and H14,16-H13,17 (7.31, 7.63 and 7.63, 

7.31) the phenyl fragment and neighboring methine protons H3-H4 (7.21, 7.98 and 7.98, 7.21) of the pyri-

dine nucleus. Heteronuclear interactions of protons with carbon atoms through one bond were established 

using 1H-13C HMQC spectroscopy for the following pairs present in the compound: H3-C3 (7.17, 115.23), 

H15-C15 (7.25, 126.16), H14,16-C14,16 (7.34, 129.18), H13,17-C13,17 (7.67, 124.86), H4-C4 (8.02, 

142.14) and H6-C6 (8.46, 146.76). 

 

 
 

Figure 1. Correlation of COSY (
1
H-1H)  

of compound 6 

Figure 2. Correlation of HMQC (
1
H-

13
C)  

of compound 6 

The presence of additional aromatic fragments in compounds 7–9 increases the number of signals in the 

weak zone of the spectra. Signals indicating the presence of an N-ethyl fragment in the molecule are present 

in compound 1. 

The NMR spectra of compounds 5, 7–9 contain signals characteristic of atoms of the pyridine nucleus 

and thioamide moiety. The presence of additional aromatic fragments in compounds 7–9 increases the num-

ber of signals in the weak region of the spectra. In compound 1, there are signals indicating the presence of 

an N-ethyl fragment in the molecule. 
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In the 
1
H NMR spectrum of compound 10 in the high-field part of the spectrum, the N-ethyl protons 

H-13,13,13 and H-12,12 were manifested by a three-proton triplet at 1.05 ppm with 3J 7.6 Hz and an extend-

ed two-proton singlet at 3.37 ppm respectively. Methylene protons H-7,7 were resonated by a two-proton 

singlet at 4.70 ppm. The pyridine protons H-3,5 and H-2,4 were manifested by two-proton multiplets at 

7.20–7.26 and 7.68–7.73 ppm respectively. In the most weak-field part of the spectrum at 7.83 and 8.43 ppm 

broadened single-proton singlets showed the thioamide protons H-8 and H-11 respectively. 

 

In the carbon spectrum of compound 10, signals of the methyl and methylene groups of the N-ethyl rad-

ical appear at 14.93 (C-13) and 38.96 (C-12) ppm respectively. Signal at 49.24 ppm corresponds to meth-

ylene carbon atom C-7. The pyridine fragment is characterized by resonance at 121.81 (C-5), 122.62 (C-3), 

137.16 (C-4) and 149.24 (C-2) ppm. The most weak-field signals at 158.76 and 182.91 ppm correspond to 

the quaternary carbon atom C-6 and the thiocarbonyl atom C-9 respectively. 

The structure of compound 10 was also confirmed by the methods of two-dimensional spectroscopy 

COSY (
1
H-

1
H) and HMQC (

1
H-

13
C). The observed correlations in the molecule are shown in Figures 3 

and 4. In the spectra of the 
1
H-

1
H COSY compound, spin-spin correlations are observed through three bonds 

of protons of the neighboring methyl and methylene groups H13-H12 (1.05, 3.2 and 3.34, 1.04) of the 

N-ethyl fragment and methine protons H3,5-H2,4 (7.22, 7.72 and 7.69, 7.25) of the pyridine nucleus. 

Heteronuclear interactions of protons with carbon atoms through a single bond were established using 
1
H-

13
C 

HMQC spectroscopy for the following pairs present in the compound: Н13-С13 (1.01, 13.37), Н12-С12 

(3.34, 38.97), Н7-С7 (4.68, 49.06), Н3,5-С3,5 (7.21, 121.84), Н4-С4 (7.70, 137.25) and Н2-С2 (8.45, 

149.25). 

 

 
 

Figure 3. Correlations of COSY (
1
H-

1
H)  

of compound 10 

Figure 4. Correlation of HMQC (
1
H-

13
C)  

of compound 10 

Conclusions 

Thus, a new derivatives of thiourea were synthesized at interaction of 2-aminopyridines (2-amino-5-

bromopyridine, 2-amino-3-hydroxypyridine and 2-aminomethylpyridine) with ethyl- and phenylisothio-

cyanate. They were characterized; their structures being confirmed by NMR spectroscopy 
1
H and 

13
C, as well 

as data the two-dimensional spectra, COSY (
1
H-

1
H) and HMQC (

1
H-

13
C). 

The study was performed with financial support from RK Ministry of Education and Science Committee 

(grant № АР08855567). 
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О.А. Нүркенов, С.Д. Фазылов, Т.М. Сейлханов, 

Ж. Нұрмағанбетов, А.М. Ғазалиев, Г.Ж. Кәріпова 

Функционалдық-орынбасылған пиридиндердің  

тиомочевинді туындыларының синтезі және құрылысы 

Мақалада функционалдық-орынбасылған пиридиндердің тиомочевинді туындыларының синтезі және 

құрылысын зерттеу бойынша деректері келтірілген. Құрамында фармакологиялық белсенді пиридин 

тобы бар жаңа тиомочевинді туындылар алынды. Бастапқы синтон ретінде 2-амино-5-бромпиридин, 

2-амино-3-гидроксипиридин және 2-аминометилпиридин таңдалды. 2-амин-5-бромпиридиннің, 

2-амин-3-гидроксипиридиннің және 2-аминометилпиридиннің этанолдағы этил және фенилизо-

тиоцианаттармен өзара әрекеттесуі тиісті пиридин бар тиомочевин түзілуіне әкеп соқтыратыны 

көрсетілген. Бастапқы изотиоцианаттардың синтезі ацетон ортасында роданисті калиймен in situ 

жағдайында тиісті хлорангидридтерден (бензоилхлорид және п-бромбензоилхлорид) қыздыру кезінде 

алынды. Синтезделген қосылыстардың құрылысы ЯМР 1Н- және 13С-спектроскопия әдістерімен, 

сондай-ақ екі өлшемді COSY (1H-1H) және HMQC (1H-13C) спектрлерінің деректерімен зерттелді. Бір 

өлшемді ЯМР спектрлерінде 1Н және 13С сигналдардың интегралдық қарқындылығы, мультиплеттілігі 

және химиялық ығысу мәндері анықталды. COSY (1Н-1Н) және HMQC (1Н-13С) форматтарында 

спектрлер көмегімен зерттелетін қосылыстардың құрылымын растайтын гомо- және гетероядролық 

өзара әрекеттесулері белгіленді. 

Кілт сөздер: этилизотиоцианат, фенилизотиоцианат, 2-амино-5-бромпиридин, 2-амино-3-гидроксипи-

ридин, 2-аминометилпиридин, тиомочевиндер, 2-аминопиридин, ЯМР 1Н-және 13С-спектрлер. 
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О.А. Нуркенов, С.Д. Фазылов, Т.М. Сейлханов,  

Ж. Нурмаганбетов, А.М. Газалиев, Г.Ж. Карипова 

Синтез и строение тиомочевинных производных  

функционально-замещенных пиридинов 

В статье приведены данные по синтезу и изучению строения тиомочевинных производных функцио-

нально-замещенных пиридинов. Получены новые тиомочевинные производные, содержащие в своей 

структуре фармакологически активную пиридиновую группировку. В качестве исходного синтона 

были выбраны 2-амино-5-бромпиридин, 2-амино-3-гидроксипиридин и 2-аминометилпиридин. Пока-

зано, что взаимодействие 2-амино-5-бромпиридина, 2-амино-3-гидроксипиридина и 2-аминометил-

пиридина с этил- и фенилизотиоцианатами в этаноле приводит к образованию соответствующих пи-

ридинсодержащих тиомочевин. Синтез исходных изотиоцианатов был проведен in situ из соответст-

вующих кислых хлоридов (бензоилхлорид и п-бромбензоилхлорид) путем нагревания их с тиоциана-

том калия в ацетоне. Строение синтезированных соединений исследовано методами 1Н и 13С ЯМР-

спектроскопии, а также данными двумерных спектров COSY (1H-1H) и HMQC (1H-13C). С помощью 

спектров в форматах COSY (1Н-1Н) и HMQC (1Н-13С) установлены гомо- и гетероядерные взаимодей-

ствия, подтверждающие структуру исследуемых соединений. 

Ключевые слова: этилизотиоцианат, фенилизотиоцианат, 2-амино-5-бромпиридин, 2-амино-3-гид-

роксипиридин, 2-аминометилпиридин, тиомочевины, 2-аминопиридин, 1Н- и 13С ЯМР-спектры. 
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Phosphorylation of glycoluryl derivatives with phosphorus pentachloride 

The paper presents the research results on the synthesis and study of new organophosphorus derivatives of 

glycoluril, obtained on the basis of pentavalent phosphorus. New organoelement phosphorus derivatives 

synthesized on the basis of N-acyl-substituted glycoluril have been obtained. They are of considerable interest 

due to the presence of effective reaction centers. Tetraacetyl-substituted glycoluril — 2,4,6,8-tetraacetyl-

2,4,6,8-tetraazabicyclo[3,3,0]octane-3,7-dione was chosen as the initial synthon. The use of unsubstituted 

glycoluril in the reaction of direct phosphorylation by the action of phosphorus trichloride or pentachloride is 

not possible due to the absence of active phosphorylation centers. It was experimentally shown that the 

reaction proceeds with prolonged heating for at least 48 hours in an argon. The initial acyl derivative of 

glycoluril and phosphorus pentachloride in the ratio of 1:6 and leads to the formation of diphosphonic 

complex of tetraacetylglycoluril — dihexachlorophosphorate 2,6-diacetyl-(4,8-diacetyl-2,4,6,8-tetraaza-

bicyclo[3.3.0]octane-3,7-dione)-2,6-di(chloroethenyltrichlorophosphonium). The obtained compound is a 

white crystalline substance unstable in air. Decomposition of the diphosphonic complex was carried out using 

benzaldehyde and proceeds with the formation of the corresponding dichlorophosphate derivative, also 

unstable in air and rapidly decomposing at room temperature. 

Keywords: glycoluril, bicyclic bisureas, phosphorus pentachloride, phosphorylation, N-acylation, phosphorus, 

bicyclic, synthesis. 

 

Introduction 

Currently the synthesis of 2,4,6,8-tetraazabicyclo[3.3.0.]octane-3,7-dione (glycoluril) derivatives and 

the study its properties remain one of the rapidly developing areas of modern chemistry of heterocyclic com-

pounds. This substance is a representative of the bicyclic bisureas class. Glycolurils find wide application in 

various areas of industry: in particular, resins containing glycoluril are used for the manufacture of paints and 

coatings; in the pulp and paper industry, the application of glycoluril is also known as an intermediate prod-

uct in the synthesis of antioxidants, detergents, disinfectants and bleaching agents [1–3]. 

All these properties of glycoluril make it a promising object among the researchers as this class of com-

pounds possesses with many undiscovered potential properties. The first reports on the interaction of 

glycoluril and acetic anhydride with the formation of N-acetyl-substituted glycoluril derivatives date back to 

the beginning of the last century [4–8]. Despite the diversity of the N-acetyl-substituted bicyclic bisureas 

series, it was noted the N-acylation of glycoluril was limited by the synthesis of N,N-di- and N,N,N,N-

tetraacetylated derivatives. It is obvious the possibilities of the glycoluril acylation reaction are larger and 

varied. 

It is known N-substituted glycolurils have a wide spectrum of biological activity. Previously it was re-

ported about the neuroleptic, antidepressant and psychostimulating activity of glycoluril and its derivatives. 

This property is the main reason that arouses a great interest in the syntheses of the new group compounds 

capable to show various activities. 

Organic phosphorus compounds are also used in a different areas of human life and the synthesis of 

new organophosphorus derivatives with various biological activity continues to be a priority. 

Experimental 

Equipment. NMR spectra were recorded by a JeolECX-400 spectrometer for NMR (400 MHz) relative-

ly TMS, for 
31

P NMR (162 MHz) versus an external standard (85 % H3PO4) and for 
13

C NMR (100 MHz) 

versus an internal standard — TMS in DMSO-solutions. d6, CDCl3, D2O. IR spectra were recorded with the 

FSM-1201 Fourier spectrometer from 450 cm
–1

 to 4000 cm
–1

 in KBr pellets. NMR spectra were recorded in 

https://doi.org/10.31489/2021Ch1/12-18
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the medium of argon. Mass spectra were recorded by a MicroTOF instrument (ESI-TOFMS), Bruker. Melt-

ing points were determined by the MP50 MeltingPointSystem. 

The reactions procedure and the compounds identity were monitored by thin layer chromatography on 

standard Silufol UV-254 plates in the benzene: ethyl alcohol = 6:1 system. The plates were detected with 

iodine vapor and a UV lamp. 

Synthesis of 2,4,6,8-tetraacetyl-2,4,6,8-tetraazabicyclo[3,3,0]octane-3,7-dione (1) 

153.0 g (1.5 mol) of acetic anhydride and 1 ml (0.01–0.02 mol) of 56 % perchloric acid were added to 

the 35.0 g (0.25 mol) of glycoluril with stirring. The mixture was heated until self-heating began. After com-

plete homogenization, 20.0 g (0.2 mol) of sodium acetate was added to the reaction mixture and was boiled 

for an hour. The reaction mixture was cooled, the precipitated crystals were filtered off and washed with ace-

tic anhydride and dried. Yield is 65.7 g (89 %), m.p. 244 ºС. IR spectrum (ν, cm
–1

): 1695 (C=O), 

1780 (COCH3). 
1
H NMR spectrum (400 MHz, DMSO), δ, ppm: 2.34 s (12H, COCH3), 6.33 s (2H, CH). 

13
C NMR spectrum (CDCl3): 59.95 (CH), 148.65 (CO), 167.57 (COCH3). Found, %: C 46.93, H 4.78, 

N 18.28. C12H14N4O6. Calculated, %: C 46.45, H 4.52, N 18.06. 

Synthesis of hexachlorophosphorate of 2,6-di(4,8-diacetyl-2,4,6,8-tetraazabicyclo[3.3.0]octane-3,7-

dione)-2-hloroethenyltrichlorophosphonium (2) 

2.0 g (0.0064 mol) of tetraacetylglycoluril in chloroform was added to 21.5 g (0.103 mol) of phospho-

rus pentachloride in chloroform and in argon, then was heated for 48 hours with stirring. In an inert atmos-

phere, the solvent was distilled off, the crystals decomposing in air were filtered off then dried in a vacuum. 

Yield is 3.97 g (56 %), 
31

P NMR spectrum (162 MHz, CDCl3): δ, ppm.: 2.67 (PCl3
+
), –97.03 (PCl6). 

Synthesis of 2,6-di(2-chloroethynyl)-4,8-diacetyl-2,4,6,8-tetraazabicyclo[3.3.0]octane-3,7-dione 

diphosphonic acid (3) 

3.8 g (0.035 mol) of benzaldehyde was added to the suspension of 3.97 g (0.0035 mol) 2 and dry tolu-

ene in an argon. After complete dissolution, the mixture was heated at 80–90 ºC for 3 hours. The solvent and 

low-boiling fractions were distilled off in a vacuum and the residue decomposed in air was recrystallized 

with dichloromethane. Yield is 1.0 g (48 %). 
1
H NMR spectrum (400 MHz, CDCl3), δ, ppm: 2.46 s (6H, 

2(COCH3), 3.71–3.79 m (2H, 2C = CH), 5.70 s (2H, CHCH). 
31

P NMR spectrum (162 MHz, CDCl3), δ, 

ppm: 5.29. 

Results and discussion 

A detailed analysis of the literature data shows the lack of related reports on the study in particular, the 

phosphorylation of glycoluril and its derivatives. Previously there was a possibility of effective using 

glycoluril phosphorus derivatives according to the classical scheme of the Arbuzov reaction, i.e. by the inter-

action of bisacetylbrom derivatives of glycoluril — 1,4-bis(bromoacetyl)tetra-hydroimidazo[4,5-d]-

imidazole-2,5(
1
H, 

3
H)dione with triethylphosphate [9]. As a result of the reaction, {(2,5-dioxohexa-

hydroimidazo[4,5-d]imidazole-1,4-diyl)-bis(2-oxoethane-2,1-diyl)}-bis(diethylphosphonate) was obtained as 

a non-distillable oil acid hydrolysis of which gave the corresponding {(2,5-dioxohexahydroimidazo[4,5-d]-

imidazole-1,4-diyl)-bis(2-oxoethane-2,1-diyl)}bisphosphonic acid. 

Despite the wide range of possibilities for the chemical modification of trivalent phosphorus deriva-

tives, pentavalent phosphorus derivatives continue to attract the attention of organic chemists as important 

synthons in the creating of new biologically active compounds. 

The most promising reagent in the synthesis of trivalent phosphorus derivatives is undoubtedly phos-

phorus pentachloride. For the first time, the reaction of phosphorus pentachloride with methylene compounds 

was described in the nineteenth century. 

Subsequently, various derivatives of styrenes, dienes, unsymmetrical ethylenes and acetylenes, ethers 

and esters of enols, as well as enamides were subjected to phosphorylation with phosphorus pentachloride. 

Most of these reactions were carried out at room temperature [10–12]. 

Continuing research in this direction, we attempted to synthesize for the first time a new 

organophosphorus compounds based on acylated derivatives of glycoluril. 2,4,6,8-Tetraacetyl-2,4,6,8-

tetraazabicyclo[3,3,0]octane-3,7-dione was chosen as an object in the phosphorylation reaction 1. The use of 

unsubstituted glycoluril in the reaction of direct phosphorylation by the action of phosphorus trichloride or 

pentachloride is not possible due to the absence of active centers for phosphorylation. 

The reaction proceeds on heating for 48 hours in an argon atmosphere in a dry chloroform medium, in 

the ratio 1:6. The reaction resulted in diphosphonic complex tetraacetylglycoluril — dihexachlorophos-
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phorate 2,6-di-(4,8-diacetyl-2,4,6,8-tetraazabicyclo[3.3.0]octane-3,7-dione) — 2,6-di(chloroethenyltrichloro-

phosphonium) 2 according to the following scheme: 
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Figure 1. Phosphorylation of 2,4,6,8-tetraacetyl-2,4,6,8-tetraazabicyclo[3,3,0]octane-3,7-dione 

The product is a white crystalline substance unstable in air. 

Obviously, the reaction proceeds through the stage of phosphorus pentachloride addition to the oxygen 

atom of the acetyl group, and the resulting adduct gradually decomposes to intermediate 1a, which is 

dehydrochlorinated under the reaction conditions to unsaturated chlorine derivative 1b. Further, product 1b is 

phosphorylated with phosphorus pentachloride forming the final product 2. 

The structure of compound 2 was proved by spectral data. In particular the 
31

P NMR spectrum contains 

signals 2.67 (PCl3
+
) and –97.03 (PCl6). Structure 2 shows that phosphorylation of 1 proceeds with the partic-

ipation of two acetyl groups. The decomposition of the diphosphonic complex 2 was carried out using 

benzaldehyde and proceeds according to the following scheme: 
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Figure 2. Decomposition of the diphosphonic complex with benzaldehyde 

The structure of compound 3 was proved by spectral data. The 
1
H NMR spectrum contains a signal of 

2.46 ppm corresponding to the presence of six protons of two CH3CO groups, a multiplet signal in the region 

of 3.71–3.79 ppm, corresponding to signals of two protons of C=CH groups, and a singlet in the region of 

5.70 ppm., which characterizes the signal of protons of CHCH groups; in the 
31

P NMR spectrum there is a 

signal of 5.29 ppm corresponding to the vibrations of the phosphorus atom. 

Conclusion 

The corresponding acylated derivatives of the bicyclic bisureas class i.e. glycoluril have been obtained 

according to the reaction of phosphorylation with phosphorus pentachloride for the first time. It was shown 

the reaction proceeds on heating for 48 hours in the argon and in dry chloroform with a sixfold excess of 

PCl5. The reaction leads to the formation of diphosphonic complex of tetraacetylglycoluril – dihexachloro-

phosphorate 2,6-di-(4,8-diacetyl-2,4,6,8-tetraazabicyclo[3.3.0]octane-3,7-dione)-2,6-di-(chloroethenyltri-

chlorophosphonium). This compound is a white crystalline substance unstable in air, the decomposition of 

which under the action of benzaldehyde leads to the corresponding 2,6-di-(2-chloroethynyl)-4,8-diacetyl-

2,4,6,8-tetraazabicyclo[3.3.0]octane-3,7-dione diphosphonic acid. 
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Е.К. Тайшыбекова, А.Р. Достанова, А.Б. Тәтеева, А.К. Сәлкеева  

Гликолурил туындыларын фосфордың пентахлоридімен фосфорлау 

Мақалада бесвалентті фосфор негізінде алынған гликолурилдің жаңа фосфорорганикалық 

туындыларын алу және олардың құрамын зерттеу бойынша жасалған ғылыми жұмыстың нәтижелері 

келтірілген. Тиімді реакция орталықтарының болуы себебінен өте жоғары қызығушылық тудыратын 

N-ацил алмасқан гликолурил негізінде синтезделген фосфордың жаңа элементорганикалық 

туындылары алынған. Алғашқы синтон ретінде тетраацетил алмасқан гликолурил — 2,4,6,8-тетра-

ацетил-2,4,6,8-тетраазабицикло[3,3,0]октан-3,7-дион алынды, себебі, үш немесе бесхлорлы фосфор 

әсерімен тікелей реакциясында алмаспаған гликолурилді қолдану фосфорлаудың белсенді 

орталықтары болмағандықтан мүмкін болмайды. Эксперимент нәтижесінде реакция өте ұзақ, 

48 сағаттан аз емес уақыт аралығында, аргон атмосферасында алғашқы гликолурилдің ацил туындысы 

мен бесхлорлы фосфордың 1:6 қатынасында қыздыру арқылы іске асатыны көрсетілді. Реакция 

нәтижесінде ауада тұрақсыз, ақ кристалды зат болатын тетраацетилгликолурилдің — дигекса-

хлорофосфорат 2,6-ди-(4,8-диацетил-2,4,6,8-тетраазабицикло[3.3.0]октан-3,7-дион)-2,6-ди(хлорэте-

нилтрихлорфосфония) дифосфоноды комплексі алынды. Дифосфоноды комплекстің ыдырауы 

бензальдегидті пайдалана отырып және ауада тұрақсыз болатын, бөлме температурасында тез 

ыдырайтын, сәйкес дихлорфосфатты туындының түзілуімен жүреді. 

Кілт сөздер: гликолурил, бисмочевинa, фосфорпентахлориді, фосфорлау, N-ацилдеу, фосфор, 

бициклді, синтез. 
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Е.К. Тайшибекова, А.Р. Достанова, А.Б. Татеева, А.К. Салькеева  

Фосфорилирование производных гликолурила пентахлоридом фосфора 

В статье представлены результаты научных исследований по синтезу и исследованию строения новых 

фосфорорганических производных гликолурила, полученных на основе пятивалентного фосфора. 

Синтезированы новые элементоорганические производные фосфора на основе N-ацилзамещенных 

гликолурилов, представляющих значительный интерес благодаря наличию эффективных реак-

ционных центров. В качестве исходного синтона был выбран тетраацетилзамещенный гликолурил — 

2,4,6,8-тетраацетил-2,4,6,8-тетраазабицикло[3,3,0]октан-3,7-дион, так как использование незамещен-

ного гликолурила в реакции прямого фосфорилирования действием трех- или пятихлористого фосфо-

ра не представляется возможным из-за отсутствия активных центров фосфорилирования. Экспери-

ментально было показано, что реакция протекает при длительном нагревании в течение не менее 48 ч 
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в атмосфере аргона исходного ацилпроизводного гликолурила и пятихлористого фосфора в соотно-

шении 1:6 и приводит к образованию дифосфонового комплекса тетраацетилгликолурила — дигекса-

хлорофосфорат 2,6-ди-(4,8-диацетил-2,4,6,8-тетраазабицикло[3.3.0]октан-3,7-дион)-2,6-ди(хлорэте-

нилтрихлорфосфония), представляющего собой неустойчивое на воздухе белое кристаллическое ве-

щество. Разложение дифосфонового комплекса было проведено с использованием бензальдегида и 

протекало с образованием соответствующего дихлорфосфатного производного, так же неустойчивого 

на воздухе и быстро разлагающегося при комнатной температуре. 

Ключевые слова: гликолурил, бисмочевинa, пентахлорид фосфора, фосфорилирование, N-ацилирова-

ние, фосфор, бициклические, синтез. 
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Synthesis of alkyl derivatives of 3,7,10-trioxo-2,4,6,8,9,11-hexaaza[3.3.3]propellane  

and evaluation of their biological activity 

Today 3,7,10-trioxo-2,4,6,8,9,11-hexaaaza[3.3.3]propellane (THAP) has not yet received widespread re-

search attention due to the complexity of the synthesis. This work is devoted to the development of a method 

for the THAP derivatives synthesis, as well as to the study of their biological activity in comparison with al-

kyl-substituted glycolurils (subject of comparison). ТНАР was N-alkylated to furnish novel hexaalkyl deriva-

tives of ТНАР with methyl, ethyl and propyl substituents. The conditions for obtaining the maximum yield of 

the target product were optimized on the base of methyl derivative. The reaction proceeded in DMSO/КОН at 

75–80 ºC for 13 hours in a moderate yield of 56 %. The ethyl and propyl derivatives of ТНАР were synthe-

sized under the same conditions. The biological activity of the obtained ТНАР alkyl derivatives and 

glycoluril alkyl derivatives was evaluated against Sporosarcina ureae, Bacillus pumilus, Salmonella 

typhimurium and Staphylococcus aureus bacteria and influenza A virus. All the samples were found to exhib-

it antibacterial activity against Staphylococcus aureus. It was shown that 2,4,6,8,9,11-hexapropyl-ТНАР, di-

tert-butyl-diphenyl-, di-tert-butyl-dibenzyl-, di-tert-butyl-dimethyl- and di-isopropyl-dibenzylglycoluril, have 

exhibited also toxicity to living cells besides antiviral activity. 

Keywords: propellane, azapropellane, ТНАР, glycoluril, N-alkylation, biological activity, influenza virus, 

Sporosarcina ureae, Bacillus pumilus, Salmonella typhimurium, Staphylococcus aureus 

 

Introduction 

Propellanes are molecules with a central single (ethane) bond and three bridged rings (carbon or 

heteroatomic) [1]. They are found in natural resources [2–3] and are widely applied in polymeric materials, 

medicines, pesticides and so on [4–6]. Zalkow et al. [7] were the first to isolate sesquiterpene modephene 

from the poisonous plant Isocoma Wrightii in 1978. It was the first compound with a [3.3.3]propellane skele-

ton discovered in natural products [3.3.3]. Due to their structure, modephene and its derivatives exhibit a va-

riety of biological activity [8, 9] and its toxicity can passivate certain biological enzymes and selectively in-

hibit anti-proliferation of some cancer cells. Thus, propellanes have been in focus of many chemists and bi-

ologists over a few last decades. 

Among propellanes, heterocyclic compounds, especially those with nitrogen atoms (azapropellanes), 

are of considerable interest, since they can be easily be functionalized. 

Research on the synthesis of azapropellanes was carried out by Ashkenazi et al. [10]. Shin and co-

workers managed to have synthesized propellane bearing five nitrogen atoms through the glycoluril deriva-

tive in three stages in 2014 [11]. 

Lee, Zhang and co-workers developed a synthetic method for 3,7,10-trioxo-2,4,6,8,9,11-

hexaaza[3.3.3]propellane (Fig. 1) [12–13]. 
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Figure 1. A synthetic protocol for 3,7,10-trioxo-2,4,6,8,9,11-hexaaza[3.3.3]propellane 

https://doi.org/10.31489/2021Ch1/19-26


А.А. Sinitsyna, S.G. Il’yasov 

20 Bulletin of the Karaganda University 

This method consists of three stages. At the first stage the uric acid (1) is oxidized by potassium 

hexacyanoferrate to form 1,5-diaminoglycoluril (2). At the second stage 3,7,10-trioxo-2,4,6,8,9,11-hexa-

Boc-2,4,6,8,9,11-hexaaza[3.3.3]propellane (3) is obtained from 1,5-diaminoglycoluril (2) by a tricyclization 

reaction. Afterwards, Boc-deprotection is performed (third stage) with trifluoroacetic acid to form propellane 

(4) with six nitrogen atoms. 

Lee et al. [12] obtained 3,7,10-trioxo-2,4,6,8,9,11-hexa-benzyl-ТНАР (5а) and 3,7,10-trioxo-

2,4,6,8,9,11-hexa-allyl-ТНАР (5b) (Fig. 2) in DMSO-DMF-NaH under inert nitrogen. The resultant products 

were extracted with ethyl acetate and then purified by column chromatography. 
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Figure 2. A synthetic protocol for alkyl derivatives of 3,7,10-trioxo-2,4,6,8,9,11-hexaaza[3.3.3]propellane 

However, there is no information in the literature on the synthesis of alkyl derivatives of ТНАР. There-

fore, the present study was aimed at developing a synthetic method for alkyl derivatives of 3,7,10-trioxo-

2,4,6,8,9,11-hexaaza[3.3.3]propellane and evaluating their biological activity in comparison with alkyl-

substituted glycolurils previously obtained. 

Experimental 

General procedure 

3,7,10-trioxo-2,4,6,8,9,11-hexaaza[3.3.3]propellane (0.4 g, 0.002 mol) and КОН (1.12 g, 0.02 mol) 

were added to DMSO (15 mL), stirred for 30 min at 40 ºС, and then the corresponding alkyl halide 

(0.02 mol) was added. The reaction mixture was heated to 75–80 ºС and kept for 5–13 h. After completion of 

the reaction, the resulting salt was collected by filtration, and the initial solution was extracted (15 mL×3) 

with a mixture of water/methylene chloride in a ratio of 1:1. The organic layer was evaporated to give a 

white powder. 

The analysis of the obtained compound was determined by HPLC on an Agilent 1200 chromatograph. 

Separation was carried out on a chromatographic column Zorbax SB C-18 (150*2,1 mm, particle size 5 µm) 

from Agilent Technologies (USA), with the precolumn (Zorbax SB C-18 12,5*2,1 mm, particle size 5 µm). 

0.1 % trifluoroacetic acid (solvent A) and acetonitrile (solvent B) were used as the mobile phase. The column 

temperature was 25 ºС. The composition of the mobile phase was measured in a gradient mode: the concen-

tration of solvent B was measured from 2 % to 40 % within 10 min. The flow rate of the mobile phase was 

0.25 ml/min. The duration of the session was 20 minutes. Column conditioning between consecutive injec-

tion was 15 min. Detection was carried out at 225 nm wave-length. The sample volume was 5 µl. 

3,7,10-Trioxo-2,4,6,8,9,11-hexamethyl-2,4,6,8,9,11-hexaaza[3.3.3]propellane (5c): Yield: 0.32 g 

(56 % of the theor.). Mp = 256–258 ºС. IR, cm
–1

: 2944, 2602, 1690, 1629, 1503, 1401, 1371, 1273, 1207, 

1156, 1008, 832, 702. 
1
Н NMR (500 MHz, DMSO-d6) δ 3.00 (s, 18H, CH3); 

13
C NMR (126 MHz, DMSO-

d6) 157.43 (C=O), 90.64 (Ctert.), 26.72 (CH3). 

3,7,10-Trioxo-2,4,6,8,9,11-hexaethyl-2,4,6,8,9,11-hexaaza[3.3.3]propellane (5d): Yield: 0.33 g 

(45 % of the theor.). Mp = 220–222 ºС. IR, cm
–1

: 2976, 2935, 2872, 1696, 1622, 1496, 1437, 1369, 1354, 

1279, 1218, 1060, 966, 862, 756, 702. 
1
Н NMR (500 MHz, DMSO-d6) δ 3.50–3.45 (q, J=7×3 Hz, 2H, CH2), 

1.01–0.98 (t, J=7×2 Hz, 3H, CH3); 
13

C NMR (126 MHz, DMSO-d6) 156.49 (С=О), 96.24 (Сtert.), 36.21 

(СН2), 14.31 (CH3). 

3,7,10-Trioxo-2,4,6,8,9,11-hexapropyl-2,4,6,8,9,11-hexaaza[3.3.3]propellane (5e): Yield: 0.46 g 

(51 % of the theor.). Mp = 180–182 ºС. IR, cm
–1

: 2967, 2936, 2876, 1704, 1484, 1426, 1344, 1291, 1200, 

1078, 910, 884, 847, 809. 749. 
1
Н NMR (500 MHz, DMSO-d6) δ 3,36–3,39 (m, 12H, CH2), 1.36–1.41 (m, 

12H, CH2), 0.77–0.81 (t, J=7.4 ×2 Hz, 18H, CH3); 
13

C NMR (100 MHz, DMSO-d6) 156.53 (C=O), 87.01 

(Ctert.), 42.91 (CH2-CH2-CH3), 22.06 (CH2-CH2-CH3), 11.32 (CH2-CH2-CH3). 

https://www.multitran.com/m.exe?s=trifluoroacetic+acid&l1=1&l2=2
https://www.multitran.com/m.exe?s=acetonitrile&l1=1&l2=2
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Evaluation of biological activity 

To determine the antibacterial activity, two-fold dilution of experimental preparations (volume 100 μl) 

was made in the cells of a 96-well culture plate with a U-shaped bottom on MPB medium (mesopatamia 

broth). 100 μl of an overnight culture diluted to a concentration of 106 cells/ml was added to each well. In-

cubation took place at 37 ºC for 40 hours. Determination of optical density in relation to control (growth of 

bacterial culture without preparation) was performed. 

To examine the antiviral activity in vitro, two methods were used: 

1) the inhibition of the virus-induced cytopathic effect was determined visually under a microscope [17]; 

2) by changing the absorption of the vital dye by cells — neutral red [17, 18]. 

For this purpose, a 96-well plate was seeded with a MDCK (dog, kidney, cell monolayer) cell line, with 

a seed dose of 2×10
4
 cell per well. After 90 % of the monolayer was formed (20-h incubation at 37 ºC under 

5 % СО2), the influenza A/California/ 07/09 (H1N1pdm09) virus strain was inserted at a dose of 100 TCID50 

per well. This dose is equivalent to the multiplicity of infection at 0.001 of infection particles per cell. 

30 minutes after infection, the test sample contained in the culture medium was placed in the wells and incu-

bated at 37 ºC under 5 % СО2 for 72 h. After that, neutral red (0.34 % final concentration) was added into 

each well, the cells were washed in 1.5 h, and a solution (0.1 M NH4H2PO4 and 96 % ethanol in equal vol-

umes) was added for the stain extraction, and the optical density of the liberated stain was measured at a 

wavelength of 490 nm. The antiviral activity of the compound was estimated as a dose (concentration) of the 

test drug, which 50 % inhibits the viral reproduction or IC50. Although IC50 was estimated by the two meth-

ods (determination of virus-induced cytopathic effect and incubation with neutral red), here we presented 

data obtained only with neutral red as more objective. 

To assess the toxicity of the compounds, the 96-well plate was seeded with a MDCK cell culture with a 

seed dose of 2×10
4
 cells per well. After a 20-hour incubation at 37 ºC in an atmosphere of 5 % СО2, the 

compounds dissolved in a MEM medium (Gibco) containing 5 % fetal bovine serum were introduced. Three 

days after incubation, the inhibition percentage of cell proliferation was evaluated using neutral red, as de-

scribed above. The toxicity of the compounds was estimated as a dose (concentration) of the test drug at 

which 50 % cells are died (CD50). 

The therapeutic index or index of selectivity (IS) was determined as the ratio of CD50 to IC50. 

Results and Discussion 

Synthesis of alkyl derivatives of 3,7,10-trioxo-2,4,6,8,9,11-hexaaza[3.3.3]propellane 

It would be logical to apply the glycoluril alkylation methods to ТНАР since it molecule is character-

ized by the presence of three imidazolidinone rings and has a structure similar to glycoluril. We have earlier 

developed a synthetic method for tetrasubstituted glycolurils with mono- and heterofunctional substituents in 

an acetonitrile/KOH medium [14, 15]. The method incorporates the alkyl groups into the partially substituted 

glycoluril and uses a low-boiling solvent to simplify the isolation of reaction products. 

The alkylation reaction of 3,7,10-trioxo-2,4,6,8,9,11-hexaaza[3.3.3]propellane was carried out under 

conditions similar to the alkylation of glycoluril. In this case, the yield of hexaaryl derivatives of THAP was 

found low and reached only 6–8 % in acetonitrile medium. 

That is why we investigated the effects of different solvents (DMSO, DMF, ethanol, 1,4-dioxane and 

methylene chloride), reaction temperature and bases on the target product yield by an example of the 5с syn-

thesis (Table 1). 

T a b l e  1  

Selection of synthesis conditions for 2,4,6,8,9,11-hexamethyl-2,4,6,8,9,11-hexaaza[3.3.3]propellane 5c 

Exp. Solvent Base 
Reaction tem-

perature, ºС 

Yield, 

% 
Exp. Solvent Base 

Reaction tem-

perature, ºС 

Yield, 

% 

1 DMSO КОН 80 24 6 DMSO K2CO3 80 – 

2 DMF КОН 80 11 7 DMF K2CO3 80 – 

3 Ethanol КОН 70 – 8 Ethanol K2CO3 70 – 

4 1,4-Dioxane КОН 80 – 9 1,4-Dioxane K2CO3 80 – 

5 Methylene chloride КОН 40 – 10 Methylene chloride K2CO3 40 – 
——————— 

Note. «–» ТНАР was quantitatively isolated back; no reaction has occurred. 
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As can be seen from Table 1, the N-alkylation reaction took place only at 80 °С and only in the two 

solvents such as DMSO and DMF. It is also evident that the yield of the target product 5c in DMSO is al-

most 2 times more than that in DMF. The superbasic medium DMSO / KOH was selected for further re-

search based on these preliminary results (Table 1). The results of the ТНАР alkylation with methyl iodide in 

the superbasic medium as a function of the reaction temperature and time are given in Figure 3. 

 

 
 

а b 

Figure 3. Dependence of the 5c yield: (а) on the reaction temperature (reaction time 6 hours)  

and (b) on the reaction time (temperature 75 ºC) 

Figure 3a shows that an increase in the reaction temperature from 25 °C to 85 °C led to a smooth rais-

ing in the content of product 5c from 12 % to 48 %. An increase of the alkylation time from 6 to 8 hours (3b) 

showed a slight growing in the yield of product 5c to 51 %. When the reaction time was extended to 13 h, the 

yield of product 5c got higher insignificantly and was 56 %. The slowdown in the formation of reaction 

product 5с in 13 hours can be explained by the emerging of competing reactions due to the prolonged resi-

dence of the reagents in the superbasic medium at high temperature. 

We sequentially have obtained THAP hexa-derivatives with methyl (5c), ethyl (5d) and propyl (5e) 

substituents (Fig. 4). 
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Figure 4. Synthesis of alkyl derivatives of 3,7,10-trioxo-2,4,6,8,9,11-hexaaza[3.3.3]propellane 

An attempted of isopropyl and tert-butyl groups incorporation into THAP did not lead to the expected 

result. This is probably due to the steric factor of the radicals. 

Biological activity 

The tetrasubstituted glycolurils synthesized previously [14, 15] and the new THAP derivatives were 

evaluated in vitro against some bacteria (Sporosarcina ureae, Bacillus pumilus, Salmonella typhimurium and 

Staphylococcus aureus) and influenza A virus. Tables 2 and 3 summarize the biological activity evaluation 

results. 
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T a b l e  2  

Evaluation of antibacterial activity of the THAP hexaaza- derivatives and tetrasubstituted glycolurils 

Compound Sporosarcina ureae Bacillus pumilus 
Salmonella 

typhimurium 
Staphylococcus aureus 

5с 1,3·10
–2

 2,6·10
–2

 1,3·10
–2

 1,3·10
–2

 

5d 4,2·10
–3

 8,4·10
–3

 4,2·10
–3

 4,2·10
–3

 

5e 5,9·10
–3

 no no 2,9·10
–3

 

6a 
N N

N N

O

O

 

4,6·10
–2

 9,2·10
–2

 9,2·10
–2

 4,6·10
–2

 

6b 
N N

N N

O

O
Bn

Bn Bn

Bn

 

2,0·10
–3

 no no 8,0·10
–3

 

6c 
N N

N N

O

O

Bn

Bn

 

1,2·10
–3

 no 9,8·10
–3

 4,6·10
–3

 

6d 
N N

N N

O

O

 

1,8·10
–2

 1,8·10
–2

 1,8·10
–2

 8,8·10
–3

 

6e 
N N

N N

O

O

Ph

Ph

 

4,2·10
–3

 no no 4,2·10
–3

 

6f 
N N

N N

O

O

Bn

Bn

 

no no no 7,0·10
–3

 

 

Sporosarcina ureae are spore-forming bacteria and ammonifying microorganisms that decompose urea. 

They are used in agriculture for nitrogen enrichment of the soil. Bacillus pumilus are phytopathogenic bacteria 

affecting agricultural crops (flax, pumpkin, corn, beet, oranges, apricots, marrow-type pumpkin, etc.) and thus 

cause significant economic damage to agricultural and processing companies. Salmonella typhimurium is a 

salmonellosis causal agent. Staphylococcus aureus (opportunistic pathogenic bacterium) initiates skin diseases 

(furuncles), respiratory diseases (angina, pneumonia), nervous system and sensory organ diseases (otitis media, 

conjunctivitis, cerebral fever), digestive system diseases (stomatitis, acute food poisoning) and etc. 

All the test samples were found to inhibit the growth of Staphylococcus aureus at low concentrations. In 

contrast, suppression of the reproduction of Sporosarcina ureae is an undesirable effect as they are used in 

agriculture. 

T a b l e  3  

Evaluation of antiviral activity of the THAP hexaaza derivatives and tetrasubstituted glycolurils 

Sample 
CD50 toxicity (the lowest dilu-

tion at which 50 % cells survive) 

IC50 antiviral activity (the highest dilution 

which protects 50 % cells from virus) 

Therapeutic index IS (ratio 

of toxic dose to the efficient) 

5c 6.6·10
–3

 no no 

5d 2.1·10
–3

 no no 

5e 3.7·10
–4

 2.9·10
–4

 1.28 

6a 5.7·10
–3

 no no 

6b 5.0·10
–4

 no no 

6c 5.8·10
–4

 4.6·10
–4

 1.26 

6d 4.4·10
–3

 2.8·10
–3

 1.57 

6e 2.1·10
–3

 1.7·10
–3

 1.24 

6f 3.5·10
–3

 2.8·10
–3

 1.25 
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As can be seen from Table 3, only 5e propyl derivative of THAP exhibited an antiviral activity, while 

the methyl and ethyl derivatives did not. It was found that compound 5e at a concentration of 2.9·10
–4

 g/ml is 

able to protect 50 % of cells from influenza virus. Tetrasubstituted glycolurils 6с-е were also active at low 

concentrations. Further studies of the antiviral activity of these compounds were unreasonable because they 

had a high toxicity and a low therapeutic index. Samples 6а and 6b did not exert the antiviral activity. Note 

that sample 6а has found its application as a day-time sedative and is marketed as Mebicar [16]. Therefore, 

the biological activity of the resultant hexaalkyl derivatives of THAP should be further examined. 

Conclusions 

New hexaalkyl derivatives of THAP with methyl, ethyl and propyl substituents were synthesized. The 

conditions for the maximum product yield were selected using the example of a methyl derivative: the reac-

tion proceeded in DMSO/KOH at 85 ºС for 13 hours with a 56 % yield. The biological activity of the ob-

tained compounds and of earlier synthesized model compounds (tetrasubstituted glycolurils) against influen-

za A virus was evaluated. The biological activity against the Staphylococcus aureus bacterium was exhibited 

by all of the test compounds, while the antiviral activity was exhibited by 2,4,6,8,9,11-hexapropyl-ТНАР, 

di-tert-butyl-dibenzyl–, di-tert-butyl-diphenyl–, di-tert-butyl-dimethyl– and di-isopropyl-dibenzylglycoluril. 

However, these compounds proved to be toxic to living cells. 

This work was performed using instruments provided by the Biysk Regional Center for Shared Use of 

Scientific Equipment of the SB RAS (IPCET SB RAS, Biysk). The reported study was funded by RFBR, pro-

ject number 19–33–90060. 
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3,7,10-триоксо-2,4,6,8,9,11-гексааза[3.3.3]пропелланның алкил туындыларын 

синтездеу және олардың биологиялық белсенділігін зерттеу 

Жұмыс 3,7,10-триоксо-2,4,6,8,9,11-гексааза[3.3.3]пропелланның алкил туындыларын синтездеу әдісін 

жасауға және алынған заттардың алкилалмасқан глколурилдермен (зерттеу объектісі) салыстырғанда 

биологиялық белсенділігін зерттеуге арналған. Бұл бағыт синтездің күрделілігі себебінен 

зерттеушілердің назарынан тыс қалған. ТНАР-ты N-алкилдеу әдісі арқылы гексаалкил-

туындыларының метилді, этилді және пропилді гексаалкил туындыларымен жаңа қосылыстары 

синтезделді. Метил туындысы мысалында негізгі өнімнің максималды шығымы болатындай тиімді 

жағдайлары жасалды. Реакция ДМСО/КОН ортасында 75–80 ºC температурада 13 сағат бойы жүреді, 

реакция шығымы 56 %. ТНАР этилді және пропилді туындылары тура осындай жағдайда 

синтезделген. ТНАР-тың және гликолурилдың алынған алкилтуындыларының Sporosarcina ureae, 

Bacillus pumilus, Salmonella typhimurium и Staphylococcus aureus бактерияларына және А тұмауының 

вирусына қатысты биологиялық белсенділігі зерттелген. Барлық үлгілер Staphylococcus aureus қарсы 

бактериалды белсенділік көрсететіні анықталған. 2,4,6,8,9,11-гексапропил-ТНАР, ди-трет-бутил-

дифенил-, ди-трет-бутил-дибензил-, ди-трет-бутил-диметил-, ди-изопропил-дибензилгликолурил 

қосылыстарының вирусқақарсы белсенділіктен басқа тірі жасушалар үшін уытты болатыны 

байқалған. 

Кілт сөздер: пропеллан, азапропеллан, ТНАР, гликольурил, N-алкилидеу, биологиялық белсенділік, 

тұмау вирусы, Sporosarcina ureae, Bacillus pumilus, Salmonella typhimurium, Staphylococcus aureus. 

 

 

А.А. Синицына, С.Г. Ильясов 

Синтез алкилпроизводных 3,7,10-триоксо-2,4,6,8,9,11-гексааза[3.3.3]пропеллана  

и изучение их биологической активности 

Работа посвящена разработке метода синтеза производных 3,7,10-триоксо-2,4,6,8,9,11-гекса-

аза[3.3.3]пропеллана (ТНАР), который ещё не получил широкого внимания исследователей ввиду 

сложности синтеза, а также изучению биологической активности синтезированных соединений в 

сравнении с алкилзамещенными гликольурилами (объектом сравнения). Методом N-алкилирования 

ТНАР были синтезированы новые гексаалкилпроизводные ТНАР с метильными, этильными и про-

пильными заместителями. На примере метильного производного были оптимизированы условия по-

лучения максимального выхода целевого продукта. Реакция протекает в среде ДМСО/КОН при тем-

пературе 75–80 ºC в течение 13 ч с умеренным выходом 56 %. Этильные и пропильные производные 

ТНАР синтезированы в аналогичных условиях. Изучена биологическая активность полученных ал-

килпроизводных ТНАР и алкилпроизводных гликольурила в отношении бактерий Sporosarcina ureae, 

Bacillus pumilus, Salmonella typhimurium и Staphylococcus aureus, а также вируса гриппа А. Установле-

но, что все образцы проявляют антибактериальную активность против Staphylococcus aureus. Было 

показано, что, наряду с проявленной противовирусной активностью, у соединений 2,4,6,8,9,11-

гексапропил-ТНАР, ди-трет-бутил-дифенил-, ди-трет-бутил-дибензил-, ди-трет-бутил-диметил-, 

ди-изопропил-дибензилгликольурил также обнаружена токсичность для живых клеток. 

Ключевые слова: пропеллан, азапропеллан, ТНАР, гликольурил, N-алкилирование, биологическая ак-

тивность, вирус гриппа, Sporosarcina ureae, Bacillus pumilus, Salmonella typhimurium, Staphylococcus 

aureus. 
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Vitamin Drug conjugate: a systematic review of pharmacological potential 

Cancer is a chronic disease which can cause death. In traditional chemotherapy cytotoxic drugs are used to 

kill proliferating cancer cells. The cytotoxic agent exhibits less specificity, less biological activity, causes sys-

temic toxicity and undesirable side effects. Each year, about 1.8 million of the population are infected and die 

due to tuberculosis infection. An increase of drug resistance during the tuberculosis treatment is a significant 

concern. So, it is necessary to develop a new approach or therapies to resolve drug resistance, drug selectivity 

in tuberculosis infection and the reduction of the side effects of cytotoxic agents and anti-tubercular drugs. 

This review describes the newly emerging concept of «vitamin drug conjugate». Vitamin-drug conjugate is a 

specifically carried drug toward the target site, is one of the promising ways to treat chronic diseases like can-

cer and tuberculosis and enhance the therapeutic outcome. The purpose of this review is to explore vitamin as 

a targeting moiety for new anticancer and anti-tubercular drug to overcome challenges, such as non-

selectivity, systemic toxicity and multidrug resistance. This approach is beneficial in the treatment of life-

threatening disease like cancer, tuberculosis and also in many viral infections. 

Keywords: Cancer, Tuberculosis, Vitamin-Drug conjugate, Vitamin B12 conjugate, Folic acid conjugate, Bio-

tin conjugate, Vitamin-E conjugate, Lipid drug conjugate. 
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List of abbreviations 

WHO: World Health Organization 

FRA: Folate Receptor Alpha 

B12-Co-III-CN-M: Heterodinuclear derivative 

MCF7: Human Breast cells 

A2780: Human Ovary Cancer Cells 

B12-Co-III-CN-Pt-II: Vitamin B12-Platinum conjugate 

N4PY: Pentadentate Nitrogen ligand 

N4PY-S-S-FA: Redox sensitive cleavable linker 

FRP: Folate Receptor Positive 

AG: Arabinogalactan 

FR-AG-GFCG-MTX: Folate receptor Arabinogalactan endosomal cleavable peptide of methotrexate 

MTX: Methotrexate 

GFLG: Endosomal cleavable peptide 

PLGA-PEG-FOL: Polylactideco-glycolide-polyethylene glycol-folate 

SKOV3: Folate receptor positive malignant cells 

PEG: Polyethylene glycol 
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PA-PEG-DSPE: Lipopolymer 

mPEG-DTP-DSPE: Lipopolymer 

FA: Folic acid 

PLGA: Polylactic –Co-glycolic acid 

FU: 5-Fluorouracil 

GG-NP: Guar gum loaded nanoparticles 

MTX-FR-GGNP: Guar gum loaded methotrexate folic acid conjugated NP's 

G5-MTX: Pentadentate dendrimer-MTX adduct 

5BT-1214: New generation taxoid 

TPG5: α-Tocophenyl polyethylene glycol succinate 

ɤ-T3-Tocotrienol 

CoQ10: Ubiquinol 

CoQ10H2-PEG5000-Vit E: Ubiquinol-Polyethylene glycol-Vit- E Conjugate 

SiRNA: Small interfering RNA 

RNAi: RNA interference 

TPGS: α-Tocopheryl polyethylene glycol succinate 

Aa-Su-Saq: Ascorbyl succinic-Saquinavir conjugate 

CYP3A4: Cytochrome P450 metabolizing enzyme 

MTX-PGA: Methotrexate-poly(glycerol adipate) 

ATRA-g-PBEA: Docetaxel loaded trans-retinoic acid with poly-β-amino ester 

HPMA: N-(2-Hydroxypropyl) methyl acrylamide 

MA-Gly-Gly-NHN-Dex: Dexamethasone containing monomer 

Review Plan 

Inclusion and Exclusion Criteria: The present review is focused on vitamin drug conjugate, its synthetic 

methodology and its pharmacological screening. 

The review data are based on the publication of the last 15 years and in English. Only articles in the rel-

evant area were searched and analyzed from the sources like Scopus, Web of Science along with other online 

scientific search engines. The keywords used for the search were, 'Vitamin Drug Conjugate', 'anticancer ac-

tivity, 'anti-tubercular activity', 'pharmacological screening', etc. The resultant data are described in this arti-

cle. No statistical methods were used in this review. 

Introduction 

Cancer is an abnormal growth of the cells which tends to proliferate in an uncontrolled way and in some 

cases to metastasize [1]. There are many methods treating cancer, the most commonly applied one is chemo-

therapy, but the problem associated with that is non-selectivity in treatment. Severe, often life-threatening, 

side effects arise in cytotoxic chemotherapy because of the toxicity to susceptible normal cells as the treat-

ment is not selective for tumor cells [2]. In the case of traditional chemotherapy, the most challenging step is 

to deliver a cytotoxic agent which kills proliferating cancer cells. [3]. The limitation of the used cytotoxic 

agents, such as doxorubicin, cisplatin, paclitaxel etc., is that these drugs cannot differentiate between tumor 

cells and normal healthy cells. In other words, non-specificity leads to systemic toxicity causing undesirable 

adverse effects like hair fall, kidney damage, lung and bone marrow [4, 5]. Thereby it is challenging to de-

liver the anticancer drug to the tumor site. Thus, by this reason there is a need in urgent requirement to de-

velop a targeted drug delivery system for the selective action of drugs toward the growing cancerous cells 

with minimum side effects. [5]. It is expected that marked medicines specifically taken up by target cells, can 

significantly improve the effectiveness of cancer therapy. In recent years, drugs containing different targeting 

ligands like polysaccharides, folate and peptides are tested to increase antitumor activity [6–10]. 

In order to eliminate such toxicities the methods have been developed under which the therapeutic agent 

is targeted by conjugation to a tumor-cell-specific small-molecule linker, thereby minimizing exposure to 

healthy cells and related side toxicity [11]. Delivering of the therapeutic agent with no affinity for normal 

cells but a strong affinity for abnormal cells with a targeting ligand is the best approach to improve safety 

and effectiveness of the drug. There are many advantages of targeted medications over their non-targeted 

equivalents. Besides, the targeted drugs can specifically distribute their medicinal payloads into the cancer 

cell, thus preventing non-specific absorption and related normal cell toxicity [12, 13]. In order to achieve 

effective tumor-targeting drug delivery, it should consists of tumor recognizing moiety and chemotherapeutic 
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agent which directly connected through a linker. As a result conjugate acting 'prodrug' is formed which upon 

incorporated in cancer cell readily undergoes to splitting and regenerate the activity of cytotoxic agent [14]. 

All living cells need vitamins for survival and whereas the main physiological characteristic of cancer 

cell is an increased appetite for crucial vitamins because of their fast growth [15, 16]. Thus, the receptor in-

volved for the absorption of vitamins will be overexpressed on the surface of cancer cells. Crucial vitamins 

like Folic acid, biotin, Vitamin B12, and riboflavin are required for tumors rapid growth. One of the ap-

proaches is to combine the drugs with vitamins that detect tumor-associated antigens, which raise the sensi-

tivity of cancerous cells to ligand-targeted therapeutics and decrease the exposure of healthy cells to 

drugs [2]. Recently, it is observed that the folate receptors are more overexpressed in the cancer cells in 

comparision to normal healthy cells. So, it is accepted that folate receptors may act as excellent biomarkers 

[16–20]. Folate receptor alpha (FRA) is overexpressed on the surface of multiple types of tumors, including 

cancer of the pancreas, liver, breast and ovary. Folate can bound to anticancer drugs. The best approach is 

targeting the FRA-positive tumor cells with several therapeutic probes using folic acid conjugates. Folate 

conjugates can achieve cancer-specific drug delivery with minimal toxicity [21–23]. Biotin acts as a growth 

promoter especially in the tumor, as compared to normal cells. Recently it has been reported that biotin re-

ceptors are also more overexpressed in the cancer cells like breast, lung, renal, ovarian in contrast to folate as 

well as vit. B12 receptors [15, 16]. Combination of the anticancer drug with any particular vitamin gives vit-

amin-anticancer drug conjugate. Conjugation of anticancer agents with vitamin, has proven a novel prodrug 

approach, improving specificity with minimum side effects. The conjugation scaffold can improve potency 

as well as bioavailability of cytotoxic agents. The vitamin drug conjugate provides a high dose of a cytotoxic 

drug to the targeted cancer cell, so the essential vitamins like biotin, vitamin B12, folic acid, riboflavin may 

act as targeting moiety towards cancer cells. Most commonly, vitamin B12 and folic acid suggested as a tar-

geting agent to tumor cell. Vitamin drug conjugate like folic acid -drug conjugate, Vit.B12–drug conjugate, 

biotin -drug conjugate and Vit.E–drug conjugate, as well as vitamin C–drug conjugate are listed in this re-

view. 

Other than cancer, tuberculosis is also one of the chronic illness, so there is an urgent need to find an ef-

fective treatment against chronic tuberculosis infection. Mycobacterium tuberculosis is the pathogen agent 

causing the infectious disease tuberculosis. Tuberculosis is one of the terrible human diseases which infects 

about 9 million of the population, including 1.5 million deaths in 2013 as per the WHO survey [24]. Drugs 

used for the treatment of TB are categorized into two groups; first-line drug and second-line drugs. The most 

commonly used first-line drugs for the treatment of tuberculosis are Isoniazid, Rifampicin, Ethambutol and 

pyrazinamide [25]. These drugs develop multidrug resistance because of the lengthy period of treatment, 

mostly 12–18 months or more [26]. Thereby there is a need of searching for a new anti-tubercular agent or 

other supportive therapy [27]. Vitamins also play a crucial role to prevent the spread of this chronic illness. 

Any bacteria like mycobacterium tuberculosis needs essential vitamins like biotin, thiamin to fulfil their re-

quirement and to initiate their infection. Vitamin C, for instance, has antimycobacterial property. Vitamins 

act as a promising agent to change life cycle as well as the biology of mycobacterium tuberculosis and helps 

to stop the spread of infection [27]. Lipid drug conjugate improving the bioavailability of the anti-tubercular 

drug by incorporation of short lipid chain is discussed in this review. Limitations associated with the anti-

tubercular drugs like Isoniazid, Rifampicin, Ethambutol and pyrazinamide is liphophilicity issue resulting 

poor blood-brain barrier penetration. Lipid-antitubercular drug conjugate is also a new approach having po-

tential to enhance efficacy, bioavailability, with reduction in drug resistance. 

Vitamin drug conjugate is the novel term that provides selective delivery of cytotoxic agent towards 

cancer cells with desirable therapeutic effect. This review focuses on the requirements that must be met to 

achieve the necessary therapeutic efficacy with minimal side effects during the design of vitamin drug con-

jugate. This review also emphasises on various vitamin drug conjugate reported to date with its synthetic 

methodology and pharmacological evaluation. Vitamin drug conjugates like folic acid drug conjugate, vita-

min B12, biotin, vitamin E, vitamin C–conjugates are listed in this review. All these conjugates were studied 

to find out the best fit conjugate in terms of its clinical applicability. 

1 Vitamin-Drug conjugate 

Vitamin-Drug conjugate is considered as a targeted drug delivery system for tumors. It generally con-

sists of the drug connected directly or through a linker to the targeted moiety to form an active pharmacolog-

ical object, i.e the 'vitamin-Drug conjugate' (Fig. 1). The benefits of vitamin drug conjugate are nontoxic and 
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it must be stable in circulation and do not harm to normal cells. Upon entry of this conjugate into the cancer 

cells, it should effectively release the anticancer drug without losing biological activity [5, 28]. 

 

 

Figure 1 Vitamin-drug conjugate 

 

1.1 Vitamin B12- drug conjugate [30]. 

1.1.1 Vit-B12-metal conjugate 

The cancer cells need vitamin B12 and more cellular uptake, so it can be concluded that on conjugation 

with vit. B12 increases tumor selectivity and enhance therapeutic outcomes. This type of conjugate consists 

of an anticancer drug with tumor imaging metal-containing compound [31]. A variety of vitamin B12 metal 

analogues are identified to date, but some provide a promising proof of concept promoting the use of 

cobalamins in targeted chemotherapy and diagnosis as metal-based medicine and imaging drug carriers 

[31, 32]. There are number of studies on platinum and other metal-based anticancer agents, but on other hand 

the clinically established anticancer drug cisplatin has some disadvantages, like low bioavailability, water-

solubility, lack of tumor selectivity and undesirable side effects proved. In spite of its harmfulness the plati-

num complex was clinically approved and accepted because of its pharmacological activity with less side 

effects [31, 33–34]. 

Platinum 

Cisplatin is also platinum-based drug with anticancer activity. However there are some disadvantages of 

this drug, such as nephrotoxicity, neurotoxicity, phototoxicity, nausea etc. Alberto et al. developed a method 

to overcome the problem associated with anticancer drug cisplatin and its side effects. Conjugation of 

cisplatin with cobalamine (vit B12) increases tumor selectivity and enhance the clinical output [31, 35, 36]. 

Metal containing scaffolds is attached to the nitrogen atom to the cyano group on vit B12, producing a deriv-

ative (B12-Co-III-CN-M) where vitamin is functioning as a ligand. A further step is vitamin B12 converted 

to its cofactor (either methylcobalamine or adenosylcobalamin) required for reduction of Co (III) to Co (II) 

by removing bioactive molecule Vit.B12 Co III. CN is mixed with metal. The formed cyano metal fragment 

(CN-M) release directly inside the cell. This cyanocobalamine metal conjugate (Figure 2) considered as 

prodrug, which shows the clinical endpoint [31, 36]. 

 

 

Figure 2. Vitamin B12-Platinum Conjugate 
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In vitro cytotoxicity experimental investigation on adenocarcinoma of human breast cells (MCF7) and 

adenocarcinoma of cells of human ovary(A2780) demonstrated that differentiated Pt (II-Cyano complexes 

exhibited antitumor action equivalent to that seen in cisplatin, suggesting that (B12-CoIII-CN-PtII) analogue 

should be considered as an active drug because they have an affinity to generate Pt-II containing antitumor 

drug quickly in the body effectively. Unfortunately, this theory was not compatible with the data that the 

original analogues were less carcinogenic than cisplatin [31, 37]. 

1.1.2 Colchicine- Cobalamins conjugate 

Colchicine functions as a spindle toxin with a mode of action close to that of taxanes, and it also acts as 

a cytotoxic agent. Colchicine inhibits the polymerization of tubulin and prevents cancer cell proliferation at 

metaphase in mitosis. But colchicine has not proven effective for cancer therapy to date because of its over-

bearing toxic effects that cause undesirable side effects at endovenously medication [38–40]. Using the 

cobalamin leads to selective delivery of colchicine to tumor cells, the side effects associated with colchicine 

can decrease drastically [38]. 

Joshua et al., developed colchicine-cobalamin conjugate (Fig. 3). By substitution at the C7 position of 

colchicine by p-alkoxy-acetophenone and bonded with cobalamin via hydrazone, which has acid sensitive 

nature. Malignant cells are more likely prone to cellular absorption of this scaffold. Upon interaction of this 

scaffold with cancer cells occurs hydrolysis of the acid liable hydrazone linker inside the lysosome. Colchi-

cine behaves as a powerful antineoplastic agent, helps to balance the microtubule as well as shows cellular 

apoptosis. This scaffold is highly stable at pH 7 and in the cellular medium, is more susceptible to hydrolysis 

at pH 4.5, having a half-life of 138 min. This scaffold display LC50 values in nanomolar across the variety 

of cancer cell such as brain, breast and melanoma in cellular medium. The increase of the drug's bioavailabil-

ity by overcoming the undesirable side effects associated with tubulin can be achived by adding colchicine to 

cobalamin. The in vitro cytotoxicity of this bioconjugate is equivalent to that of existing chemotherapy med-

ications such as paclitaxel and docetaxel. However, bioconjugate is highly soluble in water and considerably 

inexpensive than paclitaxel or docetaxel [38, 41–43]. 

 

 

Figure 3. Synthesis of colchicine cobalamine conjugate 

2 Folic acid-drug conjugate 

Folic acid is one of the essential vitamins, and folate receptors act as a target for the cancer treatment 

[44]. The folate receptors are recently emerged as a promising theragnostic target due to their great function-

al flexibility in multiple solid tumors [45]. The major problem is the delivery of anticancer drug due to non-

selectivity, which result in toxicity because having an inability to distinguish between cancer and normal 

healthy cells. This problem can be resolved by conjugating anticancer drug with folic acid. Folic acid acts as 

a targeting ligand to deliver many therapeutic agents towards growing tumors tissues. Folic is used as a tar-
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get because it easy conjugate with therapeutic, as well as diagnostic agent and also shows a high affinity to-

wards the folate receptor. Most important that folate receptor is limitly distributed in the normal cell, but 

overexpressed in cancer cells [46]. This foremost approach involves linking FA to the anticancer drug form-

ing small molecule drug compound to get effectual clinical output. Folate conjugate attached to folate recep-

tor by means of endocytosis process, which is overexpressed in cancer cells and attached drug shows its 

therapeutic output after cellular administration. [44]. 

2.1 Folic acid- Bleomycin conjugate 

Most challenging step in cancer therapy is to deliver anticancer drug due to their non-selectivity and 

systemic toxicity [47]. Bleomycin acts as an anticancer antibiotic. The problem associated with bleomycin is 

short half-life, less clinical output and more undesirable side effect. Due to this problem, there is limited use 

of bleomycin as a therapeutic agent in cancer therapy [48]. 

Geersing et al., developed a method which shows that bleomycin imitates conjugate of folic acid 

(Fig. 4) where folic acid conjugate with pentadentate nitrogen ligand(N4Py) through a cleavable di-sulphide 

linker. This conjugate exibits promising efficacy and selective delivery of the anticancer drug in cancer cells 

which are overexpressed toward folate receptor. This conjugate also increases potency as well as selectivity 

of cytotoxic anticancer agent. A significant effect was seen by the MTS assay conducted in KB cells on 

N4Py-S-S-FA metabolic function after 48 h, which is enhanced after 72 hours. Pentadentate iron ligand con-

jugated with folic acid can induce selective apoptosis of FR (+) cancerous cells in contrast with a minimum 

effect observed for FR (−) cells. Enhanced efficacy is observed after a duration of 72 hrs due to the existence 

of a disulphide bond-containing cleavable linker moiety. These observations demonstrate the strength of 

therapeutics targeted by ligands, with strong potency and improved selectivity relative to compounds without 

targeted moiety [47, 49–51]. 

 

 

Figure 4. Synthesis of N4Py-C-C-FA and N4Py-S-S-FA 
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2.2 Arabinogalactan-folic acid-methotrexate conjugate 

Folic acid exibits a high affinity toward the folate receptor (FR). We proposed a new selective delivery 

mechanism based on the naturally occurring polymer AG for anticancer drugs and characterized their ability 

to detect, penetrate and kill tumor cells with overexpression of folate receptor [52]. 

Pinhasi et al., developed a method, in this FR-AG-GFLG-MTX (Folate receptor Arabinogalactan 

endosomal cleavable peptide of methotrexate) (Figure5) is the conjugate which delivers a cytotoxic agent in 

FR overexpressing cells. In this conjugate, folic acid and methotrexate are bond to arabinogalactan (AG) via 

endosomal cleavable peptide (GFLG). The formed conjugate FR-AG-GFLG-MTX shows 6.3-fold increase 

in the cytotoxic activity. This research produces a new FA bound anticancer agent conjugate to deliver meth-

otrexate to the overexpressed cancer cells in FR [40–42]. An important potential benefit of this drug delivery 

mechanism is that it exibits effective therapy for malignant cells and multidrug-resistant tumor cells [52, 55]. 

 

 

Figure 5. Synthetic scheme of FA-AG-GFLG-MTX Conjugate 
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2.3 Docetaxel loaded -PLGA-PEG Folate conjugated nanoparticles 

Nanoparticulate formulations incorporating anticancer drugs have recently gained much interest due to 

their accumulation the tumor cells [56, 57]. Esmaeilli et al., reported a method, in which Docetaxel nanopar-

ticles were developed for folate receptor-targeted cancer therapeutics using polylactideco-glycolide-

polyethylene glycol-folate (PLGA-PEG-FOL) conjugate (Fig. 6). The FOL-coupled di-block co-polymer 

was obtained by the reaction of active Folic acid with the co-polymer of the PLGA-PEG-NH2 di-block, 

where the folate ligands were supposed to be revealed on the micellar layer. The docetaxel loaded folate con-

jugate was formed by an emulsification process, with an overall size of 200 nm in diameter. 

In contrast with the non-targeted nanoparticles, the folate targeted ones exibited a higher degree of in-

tracellular absorption via Folate receptor-mediated endocytosis process, which plays an essential role in the 

absorption of nanoparticles in Folate receptor-positive malignant cells (SKOV3). These studies indicate 

Docetaxel loaded-folate targeted nanoparticles are a highly beneficial drug delivery system for the tumor 

cells that are folate receptor-positive and which contribute to increased cytotoxicity [56, 58–60]. 

 

 

Figure 6. Synthetic scheme of PLGA-PEG-FOL conjugate 

2.4 Folic acid-PEG conjugate 

Folate bond polyethylene glycol (PEG) liposome are obtained for effective cancer therapy because they 

have an affinity to accumulate into the tumors due to increased permeability [61, 62]. Folic acid phospholip-

id conjugation (Fig. 7) is the best approach to transfer chemotherapeutic agent to folate receptor (FR) ex-

pressing tumor. In this case is used polyethylene glycol (PEG) liposome with folate linked to the outer end of 

phospholipid attached PEG molecule. It seems to be a suitable way for liposome deposition in tumor and 

binding of liposome to FR on cancer cells and release anticancer drug via receptor-mediated endocytosis 

process. [61, 63]. In vitro studies demonstrate that increase in the antitumor activity of liposomal agents oc-

curs via folate targeting in the FR expressing malignant cells [61, 64, 65]. 
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Figure 7. Folate-PEG Conjugate 

2.5 Folic acid-5-flurouracil conjugated nanoparticles 

Wanget al., developed a method in which folic acid (FA) shows the low target efficiency, low conjuga-

tion ratios at loading as a carrier in PLGA drug delivery system. They used 1,3-diaminopropane as a 

crosslinker in FA conjugated PLGA system to reach high conjugation ratio of 46.7 %(mol/mol). The pre-

pared PLGA (Polylactic-co-glycolic acid) [66, 67] was used to encapsulated drug 5-flurouracil (5-HT) into 

nanoparticles on HT-29, cancer cells were observed to be 5–69 µg/ml in-vitro. In the experiment the value 

IC50 is smaller for 5-FU and 5-FU loaded PLGA nanoparticles which is 22.9 and 14.17 µg/mL, respectively. 

The fluorescent microscopy image showed that targeting nanoparticles have a high affinity for cancer cells 

and nanoparticles with FA. This is more significant amount taken up by cancer cells of HT-29 than the pure 

drug and untreated nanoparticles. 1,3 di-aminopropane forms a new polymer by facilitating conjugation of 

FA to PLGA. This FU loaded PLGA-1,3-diaminopropane folic acid nanoparticles (Fig. 8) are one of the effi-

cient approaches to transfer the drug to tumor cells [66, 68, 69]. 
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Figure 8. Synthetic scheme of PLGA-1,3 diaminopropane-folic acid 

2.6 Guar gum loaded methotrexate-folic acid conjugated nanoparticles 

Prepared nanoparticles have excellent properties for drug delivery, such as small size, including the use 

of biodegradable polymers, and advantages over other innovative drug delivery systems and provide protec-

tion, increased stability. Nanoparticles can easily accumulate into the tumor cells due to their small size and 

provide effective cancer treatment [70–72]. 

This nanoparticles are developed to target colon cancer. Sharma et al. developed guar gum nanoparti-

cles (GG-NP) with methotrexate (MTX) loaded folic acid. Emulsion cross-linking methods are used to pre-

pare the MTX charged folic acid biocompatible guar gum nanoparticles. The formed conjugate MTX-FR-

GGNP shows promising release anticancer drug methotrexate to overexpressed folate receptor and treating 

colorectal carcinoma. This formulation has dual benefits tend to release the drug in the colon and case of car-

cinoma [70, 73, 74]. 

2.7 Methotrexate-dendrimer-folic acid conjugate 

Thomas et al., demonstrated that conjugating Folic acid and methotrexate with 5th generation 

dendrimer [75–77] increases the therapeutic index of Methotrexate (MTX) comparing with methotrexate 

administered alone [75, 78, 79]. Batch to batch discrepancies in the number of methotrexate (MTX) and folic 

acid molecules associated with each dendrimer, mainly while scale up processing resulted in differing the 

therapeutic action of conjugated batches [80, 81]. 

The biological differences might arise from the enzymatic activity of serum esterase enzyme and result 

in differences in bioavailability of selected conjugate because methotrexate is bonded through an ester bond 

[75, 78]. In this study, they attempted a new methodology to generate specialized G5-MTXn adduct via a 

selective synthesis process by linking MTX to the pentavalent dendrimer using an esterase-stable amide cou-

pling. Synthesized G5-MTX adduct bind to the folic acid receptor via pentavalent coupling that displays 

4300-fold more significant activity than free MTX, it was demonstrated by the results of surface plasmon 

resonance linking studies. This adducts resist enzyme dihydrofolate reductase and also promote cytotoxic 

effect in FR-expressing KB cells lines via the FR-specific cellular interaction process and by coupling of 

MTX with pentavalent dendrimer, which plays a significant role as an anticancer agent and also a targeting 

molecule. The G5-MTXn adduct acts as a promising FR-selective, cytotoxic agent for the treatment of can-

cer [75, 78, 79, 82]. 
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3 Biotin Drug conjugate 

Biotin is one of the essential vitamins and acts as a promising targeting agent. Vitamin drug conjugate 

is an approach to deliver a high dose of the targeted drug to cancer cells [83]. Biotin is an essential vitamin 

and is transported through sodium-dependent multivitamin transporter, which is more expressed in many 

cancers cell lines like colon, breast, lung cancer cell line. Biotin shows overexpression in folate receptor, so 

growing tumors more need for biotin than normal cells. 

It is reported that the conjugation of biotin with many organic molecules and protein shows selective 

delivery of a cytotoxic agent to cancer cells [84]. 

3.1 Biotin-taxoid conjugate 

Yang et al., developed conjugate in which biotin is combined with new generation taxoids 5BT-1214 

[83]. The approach of this invention is simple for tumour-targeted drug delivery system. The use of biotin 

5BT-1214 conjugate (Fig. 9) exploits the biotin receptor's upregulation on the cancer cells. The invented pro-

cess involved the drug delivery via endocytosis mediated by vitamin receptor [16, 83]. 

The testing result of biotin 5BT-1214 fluorescence conjugate showed the biotin drug conjugate easily 

incorporate into tumor cell and shows reduced toxicity against normal cells and also shows well systematic 

stability. Therefore it is one of the best novel targeted drug delivery system for tumor cells [83]. The findings 

suggest that only the biocompatible biotin-dendrimer adduct may be a successful nano-platform towards 

cancer treatment and cancer detection [85]. 

 

 

Figure 9. Chemical structure of Biotin-SBT-1214 conjugate 

3.2 Gemcitabine-Coumarin-Biotin conjugate 

Maiti et al., developed target-specific anticancer prodrug moiety Gemcitabine-Coumarin-biotin conju-

gate (Fig. 10) to treat various cancers [16, 86]. In this method, they proposed the formulation, development, 

spectroscopic analysis, and in vitro biological evaluation of Gemcitabine-coumarin-biotin conjugate. This 

conjugate is a multipurpose molecule mainly consisting of a splittable disulphide bond with a thiol group, 

fluorescent coumarin moiety, therapeutic action given by gemcitabine and biotin is serve as a cancer-

targeting component. Breakdown of the disulphide bond occurs when a free thiol group are added, which is 

exceptionally high in cancerous cells and also release of therapeutic agent gemcitabine, as well as concur-

rently rise in fluorescence intensity [86, 87]. 

Confocal microscopic studies demonstrate that instead of W138 cells, this scaffold is selectively ab-

sorbed by A549 cells. Fluorescence-based colocalization experiments utilizing specific lysosome and endo-

plasmic reticulum additives indicate that splitting of thiol-containing disulphide bond of the conjugate can 

occur in the lysosome by receptor-mediated endocytosis process. This is latest approach with a therapeutic 

and diagnostic tool that provides both therapeutic benefit, and drug absorption at the cellular level is effec-

tively controlled by fluorescence imaging [86, 88, 89]. 
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Figure 10. Synthetic scheme of Gemcitabin Coumarin Biotin Conjugate 

4 Vit-E-drug conjugate 

Vitamin-E and α-tocopherol analogues have a pro-apoptotic property and can kill cancerous cells, also 

helps in the prevention of cancer without any undesirable effects [90]. Vitamin-E and tocopherol analogues 

are used in drug delivery system because of their many excellent advantages like drug solubility, biocompat-

ibility and antitumor activity. Upon esterification of vitamin-E succinate, the formation of non-ionic 

amphiphile known as α-Tocopheryl polyethylene glycol succinate (TPGS) shows the ability to cluster for-

mation behaviour with other organic molecules. Hence it is helpful to develop many drug formulations 

which show properties like increase bioavailability and targetability of many anticancer drugs [91]. 

4.1 Gemcitabine-Vit E Conjugate 

The main aim of this study is to test in vitro anticancer activity of gemcitabine conjugate to the 

tocotrienol isomer of vitamin-E (Fig. 11) against pancreatic tumor cells [92, 93]. Abu-Fayyad et al., reported 

that the free tocotrienol isomer of vit E shows the anticancer activity of gemcitabine. By using 1H NMR and 

mass spectrometry analysis technique, the conjugate was identified and tested for deamination sensitivity. 

The anticancer activity of gemcitabine was studied in vitro for pancreatic cancer cells BX-PC3 and PNAC-1 

in which [92, 94]. 

ɤ-T3 conjugation of gemcitabine studied in vitro for enzymatic deamination showed that it was least af-

fected comparing with free and conjugated gemcitabine in solution by deamination deactivation reaction. In 

vitro cytotoxicity studies indicate that an increase of anticancer activity by entrapping gemcitabine lipid con-

jugate into a nano-emulsion compared to a free drug is observed. It was concluded that for effective delivery 

of gemcitabine, conjugation with ɤ-T3 isomer is one of the feasible options [92, 93, 95]. 
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Figure 11. Synthetic scheme of Gemcitabine Vitamin E (Tocotrienol) Conjugate 

4.2 Ubiquinol-Polyethylene glycol-Vit E conjugate 

Both Ubiquinol and vit E have medicinal value but drawback associated with the Ubiquinol and Vit E, 

shows low bioavailability, potential toxicity because they have less soluble in aqueous media [96, 97]. 

Cateniet al., developed a method to overcome the challenge associated with vitamin-E and Ubiquinol. The 

objective of the present study is to improve the bioavailability of ubiquinol and vit E; the mixed conjugate of 

Ubiquinol-Polyethylene Glycol-Vitamin E (Fig. 12) was synthesized and characterized. By spectroscopic 
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methods such as 1H NMR and mass spectroscopy, the synthesized mix conjugate of PEG was characterized. 

The in vitro release of the conjugate was calculated and evaluation of ubiquinol and vit E also carried out in 

different pH conditions in human plasma. The obtained result indicates that at pH 7.4. occurs more release of 

ubiquinol and vit E from PEG conjugate in plasma within 24 hrs. The evaluation of antioxidant activity car-

ried out by DPPH assay and obtained results show that there is no effect on antioxidant activity of ubiquinol 

and vit-E after esterification with PEG. 

The novel CoQ10H2-PEG5000-Vitamin E combined conjugate was obtained and observed an en-

hancement in water solubility of CoQ10, Vitamin E is predicted by this conjugate. The increase of the bene-

ficial effects and reducing the undesirable side effects of the parent products are observed. [96, 98, 99]. 

 

 

Figure 12. Synthetic scheme of PEGylated Ubiquinol-Vit E conjugate 
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4.3 Vit-E-neomycin conjugate 

Vit E conjugated neomycin derivative (Fig. 13) is a novel approach to deliver siRNA (small interfering 

RNSs) to liver cells. In this approach the neomycin derivative exibited RNAi (RNA interference) activity in 

liver cancer cell [100, 101]. 

 

 

Figure 13. Synthetic scheme of Vit-E-neomycin conjugate 

4.4 Docetaxel loaded Vitamin-E TPGS micelle with cetuximab: 

Kutty et al., and Feng et al., developed docetaxel loaded vitamin E TPGS micelle to treat triple-negative 

breast cancer. For the selective delivery of docetaxel as a design anticancer drug for the treatment of triple-

negative breast cancer (TNBC), produced a Cetuximab-conjugated vitamin E TPGS micelles. Hormone pro-

gesterone receptor (PR), estrogen receptor (ER) and epidermal growth factor receptor 2 (HER2) [102, 103] 

are not expressed, therefore their treatment more challenging than positive breast cancer. In docetaxel loaded 

vitamin E TPGS micelle cetuximab behaves like as targeting ligand. Vitamin E TPGS micelle is designed 
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with small particle size, have more drug loading capacity, also shows excellent drug release pattern. Micelles 

are characterized by surface appearance, charge. [102, 104]. 

TNBC cell lines like MDA MB468, MDA MB 231 and HCC 38 cell line with the expression of epi-

dermal growth factor receptor 2 at a high frequency are used. Moderate and low frequencies are used to 

check in vitro, anticancer activity, as well as cellular absorption of docetaxel, loaded Vit.E TPGS micelles 

with cetuximab in contrast to a free drug-like Taxotere. The evaluated IC50 value indicates that the therapeu-

tic agent's concentration can kill 50 % of malignant cells in desired time, like 24 hrs. By comparing the free 

drug Taxotere, the IC50 value for the micelle is obtained. Thus it was found that docetaxel loaded vitamin E 

TPGS micelle exibits a 205.6 and 223.8 fold increase in anticancer activity in TNBC compared to free drug 

Taxotere [102, 105]. 

5 Vitamin-C Conjugate 

5.1 Vitamin C-Saquinavir conjugate (Ascorbyl-succinic-saquinavir) 

Luo et al., and Wang et al., developed the ascorbyl-succinic-saquinavir (Aa-Su-Saq) conjugate (Fig-

ure14). It was synthesized and evaluated to target sodium-dependent vitamin-C transporter (SVCT) in order 

to improve the oral absorption of prodrug saquinavir. The affinity of Aa-Su-Saq regarding efflux pump 

p-glycoprotein(p-gp) and recognition by SVCT of Aa-Su-Saq have also been studied [106, 108]. 

 

 

Figure 14. Synthetic scheme of Ascorbic-succinic-saquinavir Conjugate 

Polarized MDCK-MDR1 and CaCO-2 cells were taken to determine transepithelial permeability, and 

rat liver microsomes were used to study the metabolic stability of Aa-Su-Saq. Aa-Su-Saq is stable in DPBS 

and CaCO-2 cells, having a half-cell life of 9.65 and 5.73 h. In MDCK-MDR1 cells, saquinavir absorption 

increased by 2.7 and 1.9-fold at the conc. 50µM Saq and Aa-Su-Saq. In MDCK-MDR1 and CaCO-2 cells, 

cellular accumulation of AA was decreased by 50–70 % compared to control in the presence of 200µM of 

Aa-Su-Saq. In the presence of 5Mµ ascorbic acid, the uptake of AA-Su-Saq was decreased by about 27 % to 

34 %, and absorptive permeability was increased about 4.5-fold. The efflux index was lowered about 13–15-

fold in polarized MDCK-MDR and CaCO-2 cells. Aa-Su-Saq not only free from cytotoxicity but also shows 

an increase in metabolic stability because it shows less affinity toward CYP3A4 [106, 107, 109]. 



Vitamin Drug conjugate: a systematic review … 

CHEMISTRY Series. No. 1(101)/2021 43 

6 Lipid-Drug conjugate 

6.1 Stearoyl chloride-Isoniazid conjugate 

Isoniazid is the first line anti-tubercular drug in the treatment of tuberculosis. However, there is some 

limitation associated with its hydrophilic nature, therefore exibits low permeability and have less affinity to 

cross blood-brain barrier, which results in the low therapeutic output. This problem can be solved by incor-

porating hydrophobic moiety of the covalently linked lipid-drug conjugate of Isoniazid with a small lipid 

chain of stearoyl chloride (Fig. 15). Using the method of cold high-pressure homogenization also improves 

the bioavailability of Isoniazid; lipid-drug conjugate nanoparticles were produced by using an aqueous sur-

factant. The physicochemical analytical methods like transmission electron microscopy, differential scanning 

calorimetry, X-ray diffraction method were applied to characterize nanoparticles. In vitro, drug release stud-

ies conclude that at pH of 7.4, in phosphate buffer solution shows sustained drug release up to 72 hrs. Higu-

chi model of diffusion is an attractive one to study the drug release profile of nanoparticle. 

This lipid drug conjugate is effective in mycobacterium tuberculosis infection by intracellular traffick-

ing into endosomal and lysosomal vesicles and colocalization with intracellular protein like CD63, LAMP-2, 

EEA1and Rab11. These nanoparticles exibit affinity to improve effective intracellular absorption of water-

soluble drug Isoniazid [110, 111]. 

 

 

Figure 15. Synthesis of Isoniazid- Stearoyl chloride conjugate 

Other approaches for the treatment of cancer and other diseases 

7 Polymer drug conjugate 

Cancer is considered as chronic illness which responsible for the elevated mortality rate in the world. 

The effective treatment for the cancer illness is the administration of the chemotherapeutic agent, even 

though its clinical status is not acceptable. The use of antitumor agent is minimal because it may cause seri-

ous complication. Therefore, to protect the normal cells from the severe side effects associated with a 

chemotherapeutic agent, «Polymer–Drug conjugate» is synthesized. 

«Polymer–Drug conjugate» is a drug carrier system that consists of three components like a molecular 

targeting moiety, solubilizing moiety and active ingredient. Polymer-Drug conjugate in which the active drug 

is incorporated into the polymeric material. Polymer-Drug conjugate is also regarded as polymeric prodrug 

[112–114]. 

7.1 Methotrexate-Poly(glycerol-adipate) conjugate 

Polymer drug conjugate is specially designed and intended for cancer therapy. The present study men-

tions the first polymer-antitumor drug conjugate obtained by cobination of poly-(glycerol adipate) with anti-

tumor agent Methotrexate (Fig. 16). By using carbodiimide mediated reaction, MTX-PGA complex was de-

veloped with the reproducible result and with different high MTX molar concentration; the MTX-PGA ad-

duct is self-build into size nanoparticles. The size of the nanoparticles depends on medium pH and the quan-

tity of methotrexate. The change of particle size of NPs resulted in stearic hindrance and build bulkiness 

within nanoparticles centre and separation of the free functional group of the active agent. 

MTX-PGA nanoparticles exibit stability at ionic strength equivalent to 0.15M HCl, in the medium hav-

ing pH 5–9. They also show chemical stability at pH 7.4 in case of hydrolysis for 30 days, even though it 
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undergoes enzymatic degradation and release of free drug in unchanged form. In comparison with MTX-

PEA NP, earlier reported studies indicated that by conjugating MTX with serum albumin exhibits > 300 

times less potent than pure MTX. But MTX-PEA nanoparticles are slightly potent than free MTX in 791T. 

Along with the studies on enzymatic degradation, these results show that a linker moiety is not a necessary 

element with a useful biodegradable polymer. Therefore, these quickly produced PGA drug conjugates with-

out a linker moiety can be a practical new approach for polymer-drug conjugate growth [115]. 

 

 

Figure 16. Methotrexate-Poly(glycerol adipate) conjugate 

7.2 Docetaxel loaded polymeric nanoparticles 

In this study, the drug is conjugated with a polymer producing polymeric nanoparticles to overcome ob-

stacles associated with chemotherapy. 

Docetaxel loaded trans-retinoic acid with poly-β-amino ester (ATRA-g-PBEA) nanoparticles is pro-

duced by encapsulation. Docetaxel is conjugated with trans-retinoic acid(ATRA) with poly-β-amino ester by 

the solvent displacement method. Using Zeta-sizer, the size and zeta potential of nanoparticles were meas-

ured and the morphology of nanoparticles was evaluated at pH 7.4, and 5.8. with the transmission electron 

microscopy. The in-vitro drug release study was studied. The cytotoxicity, anti-angiogenic effect and blood 

compatibility of this controlled release nanoparticles, also studied. The DTX loaded ATRA-g-DBAC nano-

particles show more cytotoxicity and better anti-angiogenic effect compared to free all trans-retinoic acid and 

docetaxel in chemotherapy. ATRA-g-PBAE nanoparticles are an attractive controlled released system com-

pared to chemotherapy [116]. 

7.3 HPMA co-polymer-Dexamethasone conjugate 

Liu et al., and Quan et al., developed pH-sensitive conjugate of N-(2-Hydroxypropyl) methyl acryla-

mide (HPMA) containing Dexamethasone polymeric conjugate is able to strengthen the therapy of rheuma-

toid arthritis. Reversible addition-fragmentation transfer (RAFT) polymerization technique is used to create 

an unique pH-sensitive and cross-linked Dexamethasone-containing monomer (MA-Gly-Gly-NHN=Dex) 

with HPMA. The scaffold of Dex-HPMA co-polymer conjugate was studied as well as its biological effec-

tiveness was also tested on rodents with adjuvant-induced arthritis (AIA). Polymeric Dexamethasone conju-

gate was obtained with poly-dispersity index and with controlled molecular weight. Dexamethasone contain-

ing monomer (MA-Gly-Gly-NHN=Dex) regulates feed-in proportion ration Dexamethasone material. 

The molecular weight of polymeric Dexamethasone conjugate is 34KDa and PDI is 1.34. at in vivo and 

in vitro assessment. The release of Dexamethasone from conjugate is caused due to low pH; it is demonstrat-

ed by in vitro drug release tests. Polymeric Dexamethasone conjugate has a significant and lengthy anti-

inflammatory effect and joint safety. These properties are revealed by the tests such as, endpoint bone miner-
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al density and histology grading. Conjugate of Dexamethasone–HPMA co-polymer is obtained with a very 

well structure is effective against rheumatoid arthritis. In the treatment of rheumatoid arthritis, it also has a 

specific therapeutic potential [117]. 

Conclusions 

Chemotherapy is the golden method to treat a chronic disease like cancer, but there is some complica-

tion associated with chemotherapeutic agents causing undesirable side effects with systemic toxicity to the 

normal cells. Therefore, to avoid this problem, a new approach called «vitamin-drug conjugate» is devel-

oped. Many research studies reported various vitamin-drug conjugate like folic acid conjugate, Vitamin B12 

conjugate, vitamin-C conjugate, vitamin-E conjugate, Biotin drug conjugate etc. In the case of Lipid drug 

conjugate, many drugs cannot cross the blood-brain barrier due to their hydrophilic nature. Thus, this prob-

lem can be solved by combining hydrophilic drug with short-chain of lipid resulting in new adduct is known 

as «Lipid-Drug conjugate». 

The review describes vitamin drug conjugate which is the newly emerged concept for targeted drug de-

livery to the cancer cells with achieving desirable clinical output. The recent studies revealed that cancer 

cells are more overexpressed to vitamins than normal cells, so using the method receptor-mediated endocyto-

sis system can deliver a cytotoxic agent to the cancer cells and may not harm any normal cells. To strengthen 

this concept, many approaches were studied like conjugation with metals, conjugation with gums and conju-

gation with vitamins etc. Metal drug conjugate is the clinically approved method as it can deliver both thera-

peutic and diagnostic agents to the cancer cells with a fewer side effect. 

Vit.B12 conjugate, in this cobalamin, is covalently bound to the anticancer drug and produce high bio-

logical activity. Therefore the conjugation of drug with vitamin exibits high efficacy and low systemic tox-

icity. In folic acid conjugate, folate receptor is highly overexpressed on cancer cells compared to normal 

cells. Thus selective drug delivery of cytotoxic agent toward malignant cells can be achieved by binding with 

folic acid. That is why it is one of the promising methods that have the potential to treat a variety of cancers 

in future. α-Tocopherol polyethene glycol succinate is an ester form of vitamin E succinate that shows excel-

lent properties like increase selectivity as well as bioavailability of anticancer drugs. Another preparations 

like biotin conjugate, Vitamin-C conjugate and vitamin-A conjugate also proved to be useful in cancer thera-

py and reducing the toxicity. The folic acid drug conjugate was found to be most active and pharmacologi-

cally effective amongst all the other conjugates for the treatment of cancer. 

Few challenges may arise associated with vitamin drug conjugate, as a synthesis of the conjugate in 

cobalamin drug conjugate and biotin drug conjugate. Vitamin B12- metal conjugate shows accumulation in 

non-targeted organs and leads to a severe undesirable side effect. Thus, it is nessessary to design such conju-

gate that shows increased uptake and selectivity toward tumor in order to avoid accumulation in organs. 

Tuberculosis infection treatment drugs develop multidrug resistance due to the more extended treatment 

period. This problem can be resolved using vitamin as a target molecule to stop the spread of tuberculosis 

infection. In addition to anti-tubercular therapy, the newer drug is conjugating with vitamins like vitamin-C 

and vitamin-D are useful and one of the novels approaches against tuberculosis infection in the future. 

In future vitamin drug conjugate is an attractive approach of targeted preparation delivery to the many 

life-threatening disease like cancer, tuberculosis etc. 

The summary of these methods and its advantage are shown in the Table. 

T a b l e  

Vitamin drug Conjugates 

Sr.  

No 
Vitamin Drug Conjugate Advantages 

1 2 3 

1 Vitamin B12-Metallodrug 

conjugate 

– Vitamin B12-Metal conjugate can overcome the problems associated with anti-

cancer agents. 

– The increase in tumor selectivity and enhance clinical output by conjugating metal 

with cobalamin. 

– In vitro cytotoxicity experiments carried out on adenocarcinoma cells of human 

ovary and human breast cells demonstrated that Pt-II Cyano complex exhibit anti-

tumor activity and quickly release antitumor drug in the body. 
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C o n t i n u a t i o n  o f  T a b l e  

1 2 3 

2 Colchicine- cobalamin 

conjugate 

– This scaffold is effective against variety of cancers like brain, breast and melano-

ma. 

– Colchicine-cobalamin conjugate is one feasible option to resolve the problem as-

sociated with tubulin targeted anticancer drug. 

3 Folic acid-Bleomycin 

conjugate 

– This conjugate increase potency as well as selectivity of anticancer agents into 

tumor cells which over expressed toward folate receptor. 

4 Arabinogalactan-folic acid-

methotrexate conjugate 

– Folate targeted arabinogalactan linked methotrexate adduct shows 6–3-fold in-

crease in cytotoxic activity as well selective delivery of antitumor agent into the 

cancerous cells. 

5 Guar gum loaded metho-

trexate-folic acid conjugated 

nanoparticles 

– These nanoparticles were designed to target colon cancer. 

– Guar gum loaded methotrexate-folic acid nanoparticles play dual function, it pro-

vides robust treatment against the colorectal carcinoma and also show efficacy in 

case of another carcinoma. 

6 Methotrexate-dendrimer-

folic acid conjugate 

– The coupling of methotrexates with 5th generation dendrimer result in increase of 

methotrexate therapeutic index comparing to free methotrexate. 

– This conjugate is not affected by serum esterase enzyme activity because it syn-

thesized by esterase stable amide coupling, so this adduct exibits 4300-fold greater 

biological activity in contrast with free methotrexate. 

7 Docetaxel loaded -PLGA-

PEG Folate conjugated na-

noparticles 

– Folate targeted docetaxel loaded NPs shows displayed a higher degree of intracel-

lular absorption in Folate receptor-positive malignant cells (SKOV3). 

8 Folic acid-PEG conjugate – It is novel approach to deliver anticancer agent to cancerous cells by conjugating 

folic acid to phospholipid. 

– Via folate targeted drug delivery system can be increased anticancer activity of 

liposomal active agent in FR expressing cancerous cells.  

9 Folic acid-5-fluorouracil 

conjugated nanoparticles 

– 5-FU conjugated nanoparticles have high affinity toward malignant cells HT-29 

compared to pure drug and display the excellent anticancer activity in the 5-HT 

cells, it is demonstrated by florescent microscopy.  

10 Biotin-Taxoid conjugate – Biotin conjugated with taxoid 5BT-1214, this scaffold is easily integrated into 

tumor cells and reduce the cytotoxicity of the normal healthy cells. So, it is novel 

approach and targeted drug delivery of cytotoxic agent to the tumor cells. 

11 Gemcitabine-Coumarin-

biotin conjugate 

– This conjugate is multipurpose molecule, which selectively absorbed by the can-

cerous cells A549 instead of W138 cells. 

– This multipurpose scaffold provides both therapeutic benefit and also drug absorp-

tion at the cellular level in malignant tumors. 

12 Ubiquinol-Polyethylene 

glycol-Vit E conjugate 

– Ubiquinol-PEG-Vit.E conjugate resolved the problem associated with ubiquinol 

and vit.E like poor bioavailability, potential toxicity. 

– In vitro study carried out at different pH conditions in human plasma obtained 

results revealed that at pH 7.4 there is more release of ubiquinol and Vitamin-E 

from PEG conjugate in plasma within 24hrs.  

13 Gemcitabine-vitamin-E 

conjugate  

– In-vitro studies demonstrate that by conjugating gemcitabine with vit.E which is 

least affected by deamination deactivation reaction compared to free drug. 

– In-vitro cytotoxicity studies revealed that increase of anticancer activity by en-

trapping gemcitabine in lipid conjugate compared to free drug is observed. 

14 Docetaxel loaded vit-E 

TPGS micelle with 

cetuximab 

– DTX-loaded vit-E TPGS micelle have small particle size, have high drug loading 

capacity and excellent drug release pattern. 

– The TNBC cell lines like MDA-MB468, MDA MB 231 and HCC 38 cell line 

have been used to check in vitro activity and was found that docetaxel loaded vit-

amin-E TPGS micelle shows 205.6 and 223.8-fold increase in anticancer activity 

in TNBC cell line compared to free drug Taxotere. 

15 Vitamin-C — Saquinavir 

conjugate (Aa-Suc-Saq) 

– In MDCK-MDR1 cells the absorption permeability of saquinavir is increased 

about 4–5-fold from Aa-Suc-Saq conjugate. 

– Aa-Suc-Saq conjugate is free from cytotoxicity and show excellent metabolic sta-

bility because it shows less affinity toward CYP314. 

16 Stearoyl chloride -Isoniazid 

conjugate 

– Isoniazid-stearoyl chloride conjugate is effective in tuberculosis infection, by in-

tracellular transfer into endosomal and lysosomal vesicles. 

– The addition of hydrophilic drug isoniazid to short lipid chain stearoyl chloride 

result into increase of Isoniazid's bioavailability. 
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Дәруменді дәрілік конъюгат: фармакологиялық  

потенциалын жүйелі түрде талдау 

Қатерлі ісік өлімге әкелуі мүмкін созылмалы ауру болып табылады. Дәстүрлі химиотерапияда 

цитотоксикалық препараттар көбейіп бара жатқан қатерлі ісік жасушаларын жою үшін қолданылады. 

Цитоуытты агенттің талғамдығы төмен болады, биологиялық белсенділік танытпайды, жүйелік 

уыттылық пен жағымсыз әсер етеді. Жыл сайын халықтың 1,8 миллионға жуығы туберкулез 

инфекциясын жұқтырып, соның салдарынан қайтыс болады. Туберкулезді емдеу кезінде дәрілік затқа 

төзімділіктің жоғарылауы маңызды мәселе болып табылады. Сонымен, дәріге тұрақтылықты, 

туберкулез инфекциясындағы дәрілік селективтілікті және цитоуытты агент пен туберкулезге қарсы 

препараттардың жанама әсерлерін азайтуды шешудің жаңа әдісін немесе терапиясын жасау өте өзекті 

мәселе. Бұл шолу мақалада жаңадан пайда болған «дәрумен–дәрілік конъюгаты» тұжырымдамасы 

сипатталған. Дәрумен–дәрілік конъюгат — бұл мақсатты орынға қарай арнайы жеткізілетін препарат, 

қатерлі ісік және туберкулез сияқты созылмалы ауруларды емдеудің және терапевтік нәтижелерді 

жақсартудың перспективалы әдістерінің бірі. Жұмыстың мақсаты — жаңа қатерлі ісікке және 

туберкулезге қарсы препараттың құрамына кіретін дәруменнің әсерін зерттеуге, селективті емес, 

жүйелік уыттылық және көп дәрілікке төзімділік сияқты қиындықтарды жеңуге бағытталған. Бұл тәсіл 

өмірге қауіп төндіретін қатерлі ісік, туберкулез сияқты ауруларды емдеуде және көптеген вирустық 

инфекцияларда тиімді. 

Кілт сөздер: қатерлі ісік, туберкулез, дәрумен–дәрілік конъюгаты, В12 дәрумені конъюгаты, фолий 

қышқылының конъюгаты, биотин конъюгаты, Е дәрумені конъюгаты, липидті дәрі конъюгаты. 

  

Р.П. Бхоле, Йогита Шинде, Ч.Г. Бонде, Р.Д. Вавхейл 

Конъюгат витамин – лекарственный препарат:  

систематический обзор фармакологического потенциала 

Рак является хроническим заболеванием, которое может привести к смерти. В традиционной химио-

терапии цитотоксические препараты используются для уничтожения пролиферирующих раковых кле-

ток. Цитотоксический агент обладает меньшей специфичностью и биологической активностью, также 

вызывает системную токсичность и нежелательные побочные эффекты. Ежегодно около 1,8 миллиона 

человек заражаются и умирают от туберкулезной инфекции. Повышение лекарственной устойчивости 

во время лечения туберкулеза вызывает серьезную озабоченность. Таким образом, необходимо разра-

ботать новый подход или методы лечения для устранения лекарственной устойчивости, лекарствен-

https://doi.org/10.1016/j.ijpharm.2008.03.002
https://doi.org/10.1021/acsomega.9b03523
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ной селективности при туберкулезной инфекции и уменьшения побочных эффектов цитотоксических 

агентов и противотуберкулезных препаратов. В данной обзорной статье описано недавно появившееся 

понятие «витаминно-лекарственный конъюгат». Конъюгат витамин–лекарство —  препарат, который 

специально доставляется к месту назначения, и один из многообещающих способов лечения хрониче-

ских заболеваний, таких как рак и туберкулез, и улучшения терапевтического результата. Цель работы 

— изучить витамин как целевую составляющую для нового противоопухолевого и противотуберку-

лезного препарата при преодолении таких проблем, как неселективность, системная токсичность и 

множественная лекарственная устойчивость. Этот подход полезен и при лечении опасных для жизни 

заболеваний, таких как вирусные инфекции. 

Ключевые слова: рак, туберкулез, конъюгат витамин – лекарство, конъюгат витамина B12, конъюгат 

фолиевой кислоты, конъюгат биотина, конъюгат витамина E, конъюгат липид – лекарственный пре-

парат. 
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Change in the volume of water crystallization  

as a result of exposure to a high-frequency electromagnetic field 

The influence of a high-frequency electromagnetic field on the process of water crystallization has been stud-

ied. Water irradiated by а field at 30–200 MHz was kept from 0 to 21 days, then it was frozen. Volumes of 

ice at crystallization were compared for water irradiated and unirradiated by the field. Values located more or 

less symmetrically near zero; 2) values with a predominantly positive shift, and 3) values for which the shift 

is mostly negative. Positive shift was noted when combining 200 MHz and the exposure time up to 11 days. 

The maximum effect of relative volume increase almost two times was observed at 200 MHz and one day ex-

posure time. The maximum compression of ice approximately three times compared to the unirradiated sam-

ple occurred twice: after field effect at 90 MHz and exposure time of 11 days, and at 140 MHz and exposure 

time of 21 days. The similarity of time dependence at 170 MHz with the dependence of thermal effect of glu-

cose dissolution found in early works was noted. The data obtained confirm that field effect results in both 

strengthening and loosening of water structure. 

Keywords: electromagnetic field, water structure, ice structure, defects in ice structure, frequency of field ef-

fect, post-effect changes in water structure, loosening of water structure, strengthening of water structure. 

 

Introduction 

The effect of physical fields on water and water-containing systems is of interest not only from an aca-

demic standpoint, but also from a practical point of view, since water is one of the most common substances 

on the earth's surface and is a part of living objects. Interest in liquid water, to which the presence of internal 

structure is attributed, is due not only to the presence of physical anomalies, but also to a crucial role in bio-

logical processes. Magnetic field as well as mechanical (ultrasonic), electrical and electromagnetic ones pre-

vail among the factors of influence. There is a wide variability of influencing factors taking into account the 

diverse frequency range and field strength. The effect of magnetic field on water and aqueous solution prop-

erties are most often presented in literature [1–4]. One of the important issues is to explain the nature of 

changes in structural organization of water and water solutions due to field effect. Some models assume the 

presence of monomolecular water and polymolecular formations, which was expressed many years ago by 

Samoilov, and then by other researchers [5]. We studied crystallization processes when a magnetic field is 

applied to answer the question about the strengthening or loosening of the structural organization of water 

[6, 7]. O.M. Rosenthal and his team investigated the kinetics of ice crystal nucleation and growth. It was 

found that the share of fine-crystalline ice increases, while the dispersion of their size distribution decreases 

simultaneously in the 3 kE constant magnetic field [6]. O.M. Rosenthal as well as V.S. Dukhanin [3] be-

lieved, that the effect of magnetic field loosens the structure of water and promotes the formation of a skele-

tal rather than a close-packed ice structure. It was shown in [8], that the volume of ice increases by about 

1.4 % under the influence of magnetic field. 

https://doi.org/10.31489/2021Ch1/53-60
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In turn, electromagnetic fields have a very significant effect on the properties of water and aqueous so-

lutions, which is manifested in changes of pH, electrical conductivity, redox potential, oxygen solubility [9], 

as well as in changes of the substances reactivity and of the crystalline hydrates thermodynamics [10, 11]. 

Although the term «water structure» is criticized and perhaps deservedly is applied to liquids, many 

properties of liquid water can be explained only by the presence of internal structural organization. 

D. Eisenberg and V. Kautsmann did not find the term «water structure» controversial, including it in the title 

of their monograph [12]. Zatsepina [13] agrees with them, using the term «structure» as well. However, this 

term is hardly applicable to dynamic systems, to which liquid water should be attributed. The majority of 

authors, describing the structural organization of liquid water, refer to the structure of ice, as noted in later 

reviews [14]. 

All models mention the nonideal structure of both ice and water to one degree or another. In this regard, 

it can be expected that structural defects of liquid water will influence the process of its crystallization and 

affect the properties of ice. There are many methods to study the structural organization of liquid water, such 

as IR, UV, NMR spectroscopy, dielcometry, etc. However, it is the structure that can be reliably studied di-

rectly or indirectly by transferring water to a crystalline state. 

Naturally, the question of how the electromagnetic high-frequency field affects the process of water 

crystallization and the volume of ice was of great interest in order to find out if the water structure is 

strengthened or loosened due to the field effect. 

Experimental 

Water preparation. The field impact did not fundamentally differ from the methods used in earlier 

works. The cell is described in [15]. The experiment was conducted at 30–200 MHz frequency; the exposure 

time was 90 minutes. A G4–119A generator was used as the source of high-frequency signal. The difference 

was that the water after field exposure was kept in a closed container for a certain time (from 0 to 21 days), 

and then it was used in the experiment. This was due to the fact that a complex relationship between fre-

quency and exposure time was found after the field effect [11]. Since we used common equipment, the main 

attention was paid to the crystallization process which allowed us to obtain the primary experimental data. 

To increase the reliability of the estimation parameter, it was necessary to determine the ice core size as ac-

curately as possible. For this purpose, the crystallization was implemented in a narrow polypropylene tube 

with an inner diameter of 5 mm and a length of 125 mm. The tubes were precisely measured in length using 

a micrometer, sealed on the burner, checked for tightness, and calibrated in length again. The main problem 

was to organize the process of ice crystal growth so that it starts from the top of the tube, not from the bot-

tom. Since we used a freezing chamber of the refrigerator as a cryochamber, we measured the temperature of 

mixture of water and glycerin in glasses and studied the temperature field; afterwards we chose a homogene-

ous area of 10×15 cm
2
, where the temperature differed by no more than 1 K. The cassette for tubes was made 

of PVC foam. It was 10×15 cm
2
 in area and 3 cm thick, in which holes were made equal to the diameter of 

the tubes. The selection of conditions involved changing the distance between the lower edge of the tube and 

the cooling surface. 

If the distance was not optimal, either swelling occurred in the lower part of the tube followed by its de-

struction, or water was squeezed out and flowed downward with a distortion of the cylindrical shape, or the 

shape of the ice core deviated from the cylindrical one. The temperature during the experiment was  

–2 ºC. The choice of temperature was based on preliminary experiments to obtain the correct core. This was 

also an important parameter, since the crystallization temperature determined the cooling rate and, conse-

quently, the rate of crystal growth. Each tube was marked individually, and the dimensions were taken into 

account when calculating the relative change in the core length. Water was poured into the tubes with a thin 

needle. The control of homogeneity and volume (including the absence of bubbles) was monitored visually 

in front of the window. The tubes were filled on a level with the upper edge, placed in the cassette holder and 

put into a cryochamber. The core was measured every other day. Ordinary distilled water was frozen concur-

rently with the field-exposed water. Each tube was measured exactly before the experiment. After crystalli-

zation, we measured its length with a protruding core and determined how much the core was above the edge 

of the tube, or below it. The measurement was more complicated when the core was below the edge of the 

tube. In this case, the tube was shone through and the length of the ice column was determined by the shad-

ow contour. 

The mean and the confidence interval were determined using five parallel measurements. To quantify 

the effect of field and time exposure, we determined Δl = l – l0, where l is the core above the edge of the tube 
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for the affected sample and l0 is the same for the unaffected water. To reduce the effect of error mean square, 

we estimated the relative effect δl = Δl/l0. The exposure time was chosen using the data obtained in [11], 

which indicated that the most significant changes took place within about 20 days. The scale of exposure 

time after the field effect was as follows: 0 (immediately after the field), 1, 3, 6, 9, 11, and 21 days. Com-

pared with work [11], we increased the number of frequencies of the field effect, making a series of 30, 60, 

90, 110, 140, 170, and 200 MHz. 

Based on measurements and calculation of the relative change in the core length, the dependences of the 

relative size of the ice core on the frequency and exposure time of water after the field effect were construct-

ed. 

Results and Discussion 

Figures 1 and 2 show the dependences of the relative change in the length of the ice core at different 

exposure time for all frequencies used in the experiment. To simplify the analysis, we present the depend-

ences in two figures. 

 

 

Figure 1. Dependence of the relative change in the length of the ice core on the exposure time  

after the field effect at given frequencies 

 

Figure 2. Dependence of the relative change in the length of the ice core on the exposure time  

after the field effect at given frequencies 
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As can be seen from the data presented in Figures 1 and 2, there are three groups of frequencies can be 

distinguished: 1) values located more or less symmetrically near zero; 2) values with a predominantly posi-

tive shift, and 3) values for which the shift is mostly negative. Frequencies 30, 60 and 140 MHz are included 

in the first group, frequencies 170 and 200 MHz are included in the second group, the remaining frequencies 

are included in the third group. Although this is not a completely deterministic feature, the individuality of 

the frequency factor is clearly visible. The specific nature of time dependence can also be noted. For exam-

ple, the dependences on the exposure time are antiphase both for absolute values and δl in the frequency 

range of 30 and 60 MHz. At the same time, beats are observed for up to nine days at 90 MHz, and then a 

sharp shift to the negative region with a large δl takes place. The higher frequencies show a significant dif-

ference of δl dependence on the exposure time after the field effect. High positive values are observed at 200 

MHz and noticeable negative ones at 110 MHz; beats close to zero are found at 170 MHz, and all curves are 

close to zero on the 21st day. 

The frequency of 140 MHz stands apart; it showed an abnormally negative δl after 21 days of exposure. 

Figure 3 shows the time dependence of the core length at 170 MHz. 

 

 

Figure 3. Dependence of the relative change in the length of the ice core on the exposure time  

after the field effect at 170 MHz 

Comparison of the dependence form with the data given in [11] shows a sufficiently clear coincidence 

of the curve up to 21 days. It shows that certain changes in the structural organization of the water network 

are manifested in the same way in different processes. In this case, these are the hydration processes during 

the dissolution of glucose and the process of solvent crystallization (water). 

When analyzing the exposure time for different frequencies presented in Figures 4 and 5, it should be 

noted the multidirectional influence of the frequency factor at short exposure time, which was observed in 

Figures 1 and 2. Nevertheless, an unidirectional effect of the 200 MHz field is clearly visible: an exposure 

from 0 to 6 days leads to close values of the relative core size. There is a similarity of dependences for 0 and 

3-day exposure for all frequencies. If the exposure time is longer (9–21 days), the frequency dependence is 

more individual, though the location relative to the zero line is similar: most values are located in the nega-

tive area. 

The models, detailed in [13], can be used to explain. First of all, it should be noted that water molecules 

in a liquid state have several types of motion: vibrational, rotational and translational. In addition, proton 

transfer along structural defects also occurs. These motions have significantly different transformation time. 

Taking this into account, it is possible to exclude fast processes and leave only slow ones, coincident or close 

to the frequencies of external influence. These include the rotation of a water molecule in the surrounding 

field of other molecules, which may coincide with the frequency of the field effect. Consideration of rota-

tional processes and their peculiarity is associated with the fact that usually the ice I is not an ideal structure. 

It has D and L defects, the relaxation of which is caused by the rotation of individual molecules. The struc-

tural organization of water at 300 K is polymorphic according to modern models, i.e. consists of domains of 

(H2O)n type. 
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Figure 4. Dependence of the relative change in the length of ice core on the frequency of field effect  

for different exposure times 

 

Figure 5. Dependence of the relative change in the length of the ice core on the frequency of the field effect  

for different exposure times 

Taking into account this fact that, it can be assumed that for each domain group there is the resonance 

frequency of oscillation under the effect of an external electromagnetic field. This may lead to a redistribu-

tion of the ratio of the amount of monomolecular water (or the corresponding structural domain) and the 

polymolecular domain with a certain n. In turn, such a reconstruction either promotes the «healing» of de-

fects in the ice structure, or stimulates their generation. Oscillation of the field effect in time can be associat-

ed with the fact that crystallization does not occur instantaneously, but takes a certain period of time, includ-

ing the metastable state of supercooling. During this time, the relaxation of water structure to the closest en-

ergy state can occur either with a large or smaller number of defects. Thus, it follows that when the defects 

are «healed» and water does not tend to include single molecules in the cluster cavities, the volume of ice 

increases in comparison with uneffected water. If the number of defects increases, the structure becomes 

denser and shrinks. 
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Conclusion 

It is shown that the effect of an electromagnetic field of 30–200 MHz on water subsequently causes a 

change in the crystallization volume of ice. The effect of changing the crystallization volume depends both 

on the frequency of field action and the time of water exposition after the field action before crystallization. 

Both increase and decrease in the ice volume as compared to the uneffected sample were found. The maxi-

mum effect of volume increase was observed for the frequency of 200 MHz and exposure time of 1 day. The 

maximum ice compression occurred after the field effect at a frequency of 90 MHz and exposure time of 11 

days as well as, at 140 MHz and exposure time of 21 days. It is considered as both loosening and strengthen-

ing of water net structure. 
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Б.П. Шипунов, М.В. Захарова 

Жоғарыжиілікті электромагниттік өрістің  

әсерінен судың кристалдану көлемінің өзгеруі 

Судың кристалдану процесіне жоғарыжиілікті электромагниттік өрістің әсері зерттелді. 30-дан 200 

МГц дейінгі жиіліктегі далалық өңдеуде ұшыраған су жабық ыдыста 0-ден 21 күнге дейін сақталды, 

содан кейін мұздатылды. Далалық өңделмеген судың кристалдануы кезіндегі мұздың көлемі далалық 

өңдеуден кейін судың кристалдануы кезіндегі мұздың көлемімен салыстырылды. Жиіліктердің 3 тобы 

бар: олар үшін шамалар сәулеленбеген судан алынған мұздың мәндеріне қатысты симметриялы түрде 

азды-көпті нөлге жақын орналасқан, олар үшін оң ауысу басым және ауысым негізінен теріс. Оң 

жақтылық 200 МГц жиілігінде және экспозиция уақыты 11 күнге дейін байқалды. Көлемнің 

салыстырмалы ұлғаюының максималды әсері шамамен 2 есе, 200 МГц жиілікте байқалды, 1 тәулікке 

экспозициямен, мұздың максималды сығылуы, сәулеленбеген сынамамен салыстырғанда шамамен 
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3 есе, 90 МГц жиіліктеге өріс әсерінен кейін 11 тәулік ұстау уақыты кезінде және 140 МГц жиілігі 

үшін 21 тәулік ұстау уақыты кезінде далалық әсер ету орын алды. 170 МГц жиіліктегі экспозиция 

уақытына тәуелділіктің ерте жұмыстарда алынған глюкозаның еруі жылулық әсеріне тәуелділігі 

ұқсастығы атап өтілді. Алынған мәліметтер далалық әрекеттің нәтижесінде су құрылымының күшеюі 

де, қопсытуы да болатынын растайды. 

Кілт сөздер: электромагниттік өріс, су құрылымы, мұз құрылымы, мұз құрылымындағы ақаулар, 

өрістің әсер ету жиілігі, сәулеленуден кейінгі су құрылымындағы өзгерістер, су құрылымын босату, су 

құрылымын нығайту. 

 

Б.П. Шипунов, М.В. Захарова 

Изменение объёма кристаллизации воды в результате воздействия 

высокочастотного электромагнитного поля 

Изучено влияние высокочастотного электромагнитного поля на процесс кристаллизации воды. Вода, 

подвергшаяся полевой обработке частотой в диапазоне от 30 до 200 МГц, выдерживалась от 0 до 

21 дня, затем замораживалась. Объём льда при кристаллизации необработанной полем воды сравни-

вался с объёмом льда при кристаллизации воды после полевой обработки. Выделено 3 группы частот 

полевого воздействия: 1) те, для которых значения располагаются вблизи нулевого значения; 2) те, у 

которых превалирует положительный сдвиг и 3) те, у которых смещение, в основном, имеет знак ми-

нус. Положительное смещение отмечено при сочетании 200 МГц, и время выдержки — до 11 суток. 

Максимальный эффект относительного увеличения объёма, почти в 2 раза, наблюдался для частоты 

200 МГц, при выдержке 1 сутки, максимальное сжатие льда, примерно в 3 раза, по сравнению с необ-

лучённым образцом, происходило после полевого воздействия на частоте 90 МГц при времени вы-

держки 11 суток, и для частоты 140 МГц при времени выдержки — 21 сутки. Отмечено сходство за-

висимости от времени выдержки для частоты 170 МГц с зависимостью теплового эффекта растворе-

ния глюкозы, полученное в ранних работах. Результаты подтверждают, что при полевом воздействии 

происходит как упрочнение, так и разрыхление структуры воды. 

Ключевые слова: электромагнитное поле, структура воды, структура льда, дефекты в структуре льда, 

частота полевого воздействия, изменения в структуре воды после облучения, разрыхление структуры 

воды, укрепление структуры воды. 
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Synthesis and characterization of isoniazid immobilized  

polylactide-co-glycolide nanoparticles 

This article considers some aspects of synthesis and characterization of polylactide-co-glycolide nanoparticles 

immobilized with the antituberculous drug isoniazid. The influence of some synthesis parameters of 

nanoparticles (the ratio of drug substance: polymer and surfactant concentration) on properties of the obtained 

nanosomal drug form of isoniazid has been studied. Optimal conditions for obtaining the nanoparticles with 

the best physicochemical parameters such as: particle size, polydispersity, conversion, etc. have been found. 

These nanoparticles can be used as drug carriers.The results revealed that a polymer: drug ratio of 1:1 and the 

use of 3 % Twin 80 are necessary to obtain stable emulsions of nanoparticles of polylactide-co-glycolide with 

satisfactory characteristics. Average size of the obtained particles was 196.4 nm, and the polydispersity value 

was 0.323. The aggregation stability of nanoparticles during 4 hours at temperatures of 4ºC and 20ºC has 

been evaluated. The morphology of the obtained nanoparticles has been studied. Analysis of nanoparticles 

was characterized by various instrumental methods including gas chromatography and thermogravimetry 

techniques. The resulting nanoparticles of polylactide-co-glycolide immobilized with isoniazid are stable in 

time and can prolong the action of the drug. In vitro release of isoniazid from polylactide-co-glycolide 

nanoparticles has been studied. 

Keywords: nanoparticles, polylactide-co-glycolide, isoniazid, antituberculousdrug, immobilization, polymers. 

 

Introduction 

Tuberculosis (TB) is one of the top 10 reasons of death worldwide; and the leading cause of death from 

a single infectious agent (ranking above HIV/AIDS) [1]. Isoniazid (INH) is an important first-line 

antituberculosis drug (anti-TB) and is used in combination with other anti-TB drugs (Fig. 1, a). The anti-TB 

drugs are encapsulated in polymer-based nanoparticles (NPs) in order to achieve the best therapeutic effect. 

One of the promising polymer carriers is polylactide-co-glycolide (PLGA), which has low toxicity, ex-

cellent biological compatibility, and characterized by the absence of inflammation in contact with living or-

ganisms (Fig. 1, b). All listed characteristics combined with the controlled mechanical properties, makes 

PLGA the best polymer for the creation of prolonged systems [2]. 

PLGA NPs are extremely common in nanosystems, and have been used to encapsulate some anti-TB 

drugs (Table 1). Examples, such as liposomes/niosomes, polymeric NPs, microspheres composed of different 

polymers (PLGA, alginate, gelatin and SLNs) have been extensively described in various reviews as reported 

by Costa et al. 2016 [3]. 

 

 

 a) INH  b) PLGA 

Figure 1. Structural formula of isoniazid and polylactide-co-glycolide 
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T a b l e  1  

Polymeric NPs of anti-TB drugs 

NP Size Drug(s) 
Loading  

efficiency 
Method for producing polymeric NPs Ref. 

PLGA 121–184 nm Rifampicin (RIF) 38 %–42 % 
Lactose-PLGA-NPs were prepared  

by the solvent displacement method 
[4] 

PLGA 186–290 nm 
RIF, INH, Pyra-

zinamide (PZA) 

RIF: 57 % 

INH: 66 % 

PZA: 68 % 

Drug-loaded NPs were prepared  

by the multiple emulsion technique 
[5] 

PLGA 180–400 nm RIF, INH, PZA 

RIF: 54 % 

INH: 64 % 

PZA:67 % 

Wheat germ agglutinin-coated PLGА-NPs were 

prepared by a two-step carbodiimide procedure 
[6] 

PLGA 200–400 nm 
RIF, 

D-cycloserine 
N/A 

Drug-loaded NPs were prepared using  

a technologically available production method 
[7] 

PLGA 200–250 nm RIF 40–53 % 
NPs were produced by homogenization  

under pressure followed by solvent evaporation 
[8] 

 

The entrapment of the therapeutic agents in biodegradable polymeric nano-systems is designed to en-

hance targeted entry, slow-release, and retention of the antibiotics in the cells for longer periods. It has to not 

only achieve an improved minimum inhibitory concentration, but also reduce dose frequency. Thus, it sup-

posed to improve patient compliance and reduce systemic side effects associated with conventional free anti-

TB drugs [9]. In this regard, in order to increase the therapeutic effect of the anti-TB drugINH, we studied 

the possibility of binding this drug to PLGA NPs. 

Experimental 

Preparation of INH loadedPLGA NP 

PLGA (the copolymer of lactide-co-glycolide (50:50), molecular weight 24,000 to 38,000) and INH 

was purchased from Sigma Aldrich. PLGANPs immobilized with INH were prepared using the same method 

as in [10]. Briefly, INH and PLGA (drug/polymer: 1:1–1:5 by weight), D-mannite (1–5 %), Twin 80 (1–7 %) 

and Dimethylsulfoxide (DMSO) are sequentially loaded into a three-necked flask equipped with a stirrer, a 

backflow condenser and a thermometer at temperatures of 293–298 K. The mixture is stirred and heated up 

to 323–333 K for 15–20 min until the solid phase is completely dissolved; then cooled down to room tem-

perature for 20–30 min. The above-mentioned product is a transparent homogeneous liquid of light yellow 

color. The resulting suspension volume was regulated to 10 mL, and NPs were washed three times with de-

ionized water and collected by centrifugation at 14000 rpm for 15 min (Eppendorf, Hamburg, Germany). 

Determination of the size of particles, their polydispersity, and morphology 

Particle size and polydispersity of NPs were determined using a dynamic light scattering (DLS) on 

Malvern Zetasizer Nano S90 (Malvern Instruments Ltd., Malvern, UK). For all measurements, each sample 

was diluted to the appropriate concentration with deionized water. Each size analysis lasted for 120 s and 

was performed at 25 ºC with an angle detection of 90°. The surface morphology of PLGA NPs was analyzed 

via atomic-force microscope (JSPM-5400 Scanning Probe Microscope «JEOL», Japan). 

Encapsulation efficacy (EE%) within PLGA NPs 

The amount of INH encapsulated within PLGA NPs was determined by measuring the amount of non-

encapsulated INH in the aqueous solution recovered after ultracentrifugation and washing of the particles. 

Encapsulation efficacy was determined by UV spectrophotometer at a wave length of λmax= 262 nm. The EE 

was calculated using the following formula: 

  
Mass of the total Drug  Mass of free Drug

Encapsulation efficiency  EE% 1  00 %
Mass of total Drug


   

In vitro study of drug release from PLGA NPs 

The in vitro release of INH from PLGA NPs was determined by dialysis in a phosphate-buffered saline 

(pH 7.4) at 310 K. Liquid samples were placed in a prepared dialysis tube using a pipette. The tube, sealed 

with clamps, were placed in dialysis vessels with 250 mL of buffer solution, closed with a lid, and stirred on 
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a magnetic stirrer at 200 rpm. Dialysate samples (3 mL each) were collected periodically. The amount of 

drug released was recorded on a UV spectrophotometer (Promecolab) at a wavelength of λmax = 262 nm for 

the drug, against a pure buffer solution. 

Results and Discussion 

The direct introduction of the drug into the reaction medium helps to increase the drug content in the 

NPs during the synthesizing drug loaded-NPs. However there is a question about the stability of the drug in 

the reaction, its compatibility with the components of the system, etc. [11]. In order to identify this effect, 

excerpts were conducted in the presence of the drug and without it. Drug-freePLGA-NPs (empty NPs) were 

prepared by the same procedure omitting the drug. In reactions with the drug INH was used. PLGA was used 

as a polymer carrier, and Twin-80 was used as a stabilizer. Characterization of polymers with and without 

drug is shown below (Table 2). 

T a b l e  2  

Characteristics of empty and INH immobilizedPLGANPs 

Polymer Average particle size, nm Polydispersity index Intensity, % 

PLGA NPs 338.7±36.4 0.268±0.02 98.7±2.25 

PLGA-INH-NPs 272.2±26.7 0.431±0.07 93.1±1.27 

 

The lower value of the size of immobilized NPs seems to be related to the compactization of structures 

caused by the presence of INH. 

In continuation of our research, we have made attempts to immobilize the anti-TB drug INH in PLGA 

NPs and have selected optimal conditions for the synthesis of NPs with satisfactory characteristics. 

According to the method proposed in Ref. [10], PLGANPs immobilized by INH with the use of different 

polymer/drug ratio and surfactant concentrations were obtained. The physicochemical characteristics of 

polymer NPs were determined usingDLS. The investigations results of the effect of PLGA/INH ratio (Ta-

ble 3, section I) and Twin-80 (Table 3, section II) concentrations on particle size and PDI are given in the 

Table 3. 

T a b l e  3  

Physicochemical characteristics of the obtained PLGA-INH-NPs 

PLGA/INH 

ratio 

Concentration  

of Twin-80 (%) 

Average particle 

size (nm) 
Polydispersity index Intensity, % 

Encapsulation 

efficiency (%) 

І 

1:1 1 272.2±26.7 0.431±0.07 93.1±1.27 49.4±1.91 

1:2  387.3±56.8 0.420±0.07 74.7±17.34 53.5±0.95 

2:1  341.8±43.3 0.419±0.13 94.6±4.93 62.6±0.63 

5:1  373.8±16.6 0.472±0.07 90.7±6.91 63.5±2.72 

ІІ 

1:1 1 272.2±26.7 0.431±0.07 93.1±1.27 49.4±1.91 

 1.5 248.6±18.8 0.485±0.09 94.1±2.03 64.9±0.44 

 3 196.4±19.5 0.323±0.06 95.6±2.83 75.7±3.48 

 7 220.1±24.3 0.364±0.08 88.8±3.80 65.0±1.66 

 

It was found that PLGA-INH-NP with satisfactory characteristics are formed at a ratio of polymer/drug 

1:1 and using 3 % Twin-80 to obtain stable emulsions. Thus, the average size of the prepared particles was 

196.4 nm, the value of polydispersity was 0.323, and encapsulation efficiency was equal to75,7 %. 

For detailed study of morphology of the prepared PLGA NPs immobilized withINH, we took polymer 

images on a scanning microscope (Fig. 2). 
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Figure 2. Microphotographs of scanning probe microscopy of PLGA-INH-NPs 

All samples prepared for the atomic-force microscope study had a similar topography as presented in 

Figure 2. The scale at the top right corner of the image is the Z scale depicting the features that are 

protruding on the surface. The line scan of the image showed a relatively smooth surface on top of the parti-

cle [9]. A small standard deviation was obtained illustrating an overall smooth morphology of the particles. 

Thus, it is shown that using different ratios of INH and PLGA, as well as Twin 80, NPs of spherical shape 

with a controlled diameter can be obtained. 

 

 
а 

 
b 

Figure 3. Size (a) and polydispersity index (b) of PLGA-INH-NP within 4 hours 

The use of developed PLGANPs in further studies and in practice, suggests that the NPs’ suspension 

must be stable for some time [12]., NPs’ aggregation stability therefore was studied during 4 hours at tem-

peratures of 277 K and 293 K. NPs’ sizes in the suspension were determined both with and without stirring, 

preceding the determination of NPs’ sizes.The results presented in Figure 3 demonstrate that in the specified 

time interval, the particle size practically does not change (as evidenced by both average NPs size and 

polydispersity index, which should have increased with the appearance of larger fractions and aggregates). 
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a 

 
b 

Figure 4. Mass spectra of empty (a) and immobilized with INH (b) PLGANPs 

Empty and immobilized with anti-TB drugPLGANPs were analyzed by gas chromatography and 

thermogravimetry techniques. The results of analysis using gas chromatograph with mass-selective detector 

of the polymer with and without drug are given in Figure 4. 

As it can be seen from mass spectra of PLGA NPs, polymers have a wide molecular weight distribution. 

In both spectra the main compounds are DMSO (94 %), water (2.66 %) and Poly(D-lactide) (0.3–0.78 %). In 

addition to the main peaks, one additional peak corresponds to INH (1,22 %). This suggests that a drug did 

not change the chemical nature as a result of immobilizing INH in the NPs, this information corroborated 

with thermogravimetric analysis (TGA) results. 
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a b c 

Figure 5. Thermogravimetric curves of INH (a), PLGA-NPs (b) and PLGA-INH-NPs (c) 

A TGA of the individual system components and the resulting NPs was performed to confirm the inclu-

sion of INH in the complex of PLGA NPs. Figure 5 shows the TGA curves of INH, empty PLGA NPs, and 

PLGA NPs immobilized with INH. For INH, a characteristic endothermic peak was observed at 162 ºC with 

enthalpy changes (Fig. 5a), which was not accompanied by a mass loss and characterized the INH phase 

transition (a value close to the melting point). Next, an exothermic peak was observed at 282 ºC. In the inter-

val of 260–360 ºC there was a mass loss up to 68 %, which might correspond to the decomposition tempera-

ture of the drug. Empty PLGA NPs showed an endothermic peak at 172 ºС (Fig. 5b), which might corre-

spond to their melting period, with a mass loss of about 90 %. On the TGA curve for INH immobilized in the 

nanoparticle (PLGA-INH-NPs) (Fig. 5c), there was an endothermic peak at 159 ºС. The next peak on the 

TGA curve corresponds to the NPs’ decomposition of the polymer at temperature of 150–200 ºC with a mass 

loss of more than 70 %. From the observed curves, it can be concluded that the thermal degradation of PLGA 

with the drug is slower than the degradation of empty PLGANPs (Fig. 5). The data obtained by 

physicochemical methods of analysis (gas chromatography and thermogravimetry) allow to conclude that a 

certain amount of the drug was immobilized in the matrix of PLGA NPs. 

When creating polymer-immobilized INH complexes, it is crucial to study the kinetics of drug release 

from NPs. The release of a drug from nanoparticles has usually been shown to be biphasic, initially by 

diffusion through the polymer matrix and later by diffusion of the drug and degradation of the polymer 

matrix itself. PLGA copolymers are degraded in the body by hydrolytic cleavage of the ester linkage to lactic 

and glycolic acid (Fig. 6). These monomers are easily metabolized in the body via the Krebs cycle and 

eliminated as carbon dioxide and water [13]. 

 

 
 PLGA Lactic acid Glycolic acid 

Figure 6. Degradation of polylactide-co-glycolide to lactic and glycolic acid 

The principle of the delivery system with controlled drug release is to regulate the kinetics of its release 

by changing the properties of the polymer matrix. It is also necessary to take into account the kinetic 

characteristics of the drug. As a result, polymer dosage forms guarantee a constant concentration of the drug 

in the blood which improves its therapeutic effect. Ideally, the transporting system of drug should ensure its 

slow absorption by the body tissues. This condition is met by kinetic first order or zero-order release profiles, 

i.e., extended forms or forms with controlled release can be referred here [14]. 

The kinetics of drug release from PLGA NPs were studied in phosphate-buffered saline at pH 7.4 for 

several days by UV-spectrophotometry. Figure 7 shows graphs of drug release obtained by comparing three 

dosage forms: prolonged release — curve 1, controlled release — curve 2, conventional — curve 3. 
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Figure 7. Dependence of INH release rate on time of the samples PLGA-INH-NPs  

at INH/PLGA ratio: 1:5 (1), 1:1 Twin-80 3 % (2); and INH (3) 

The drug in the conventional dosage form (free INH) provides a single and short-term release of the 

drug. The drug was released from the dosage form in 5 hours, and the concentration is exponentially reduced 

until the next dose. Prolonged-release pharmaceutical forms also have a high rate of release in the first 5 

hours, although less significant than conventional dosage forms. The drug concentration in blood cannot re-

main at the same level for long, so it starts decreasing gradually. Drug systems with controlled release elimi-

nate leaps in blood concentration levels of the drug. They maintain a constant therapeutic concentration over 

a long period of time and result in a stable pharmacological effect [14]. The data presented in Figure 7 show 

that the release was prolonged for a long time. This property of release kinetics of INH can be used for long-

term chemotherapy. 

Conclusions 

Thus, the work shows the possibility of including the drug into polymer-carriers directly at the stage of 

the synthesis of polymeric NPs. The obtained NPs have satisfactory physicochemical characteristics, as 

evidenced by DLS data. When the obtained NPs were diluted with water, a stable opalescent suspension was 

formed. The possibility of dilution with water can be used to regulate the dosage of the drug depending on 

the individual characteristics of the patient. The obtained results should be used for the creation of the drugs 

with prolonged effect. The data obtained using physicochemical methods of analysis (gas chromatograph and 

thermogravimetry) reveal that some drugs are immobilized in the matrix of PLGA NPs. 
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Изониазидпен иммобилизацияланған полилактид-со-гликолид  

нанобөлшектерін синтездеу және зерттеу 

Туберкулезгеқарсы препарат изониазидпен иммобилизацияланған полилактид-со-гликолид 

нанобөлшектерін синтездеу және зерттеудің кейбір аспектілері қарастырылған. Нанобөлшектерді 

синтездеудің кейбір параметрлерінің (дәрілік зат қатынасы : полимер және ББЗ концентрациясы) 

алынатын изониазидтің наносомалық дәрілік түрінің қасиеттеріне әсері зерттелді. Дәрілік заттарды 

тасымалдаушы ретінде пайдалану үшін үздік физика-химиялық параметрлері болатын нанобөл-

шектерді алудың оңтайлы шарттары (бөлшектер мөлшері, полидисперстілігі, конверсия және т.б.) 

анықталды. Полилактид-со-гликолид нанобөлшектерінің тұрақты эмульсияларын алу үшін полимер / 

дәрілік қатынасы 1:1 және 3 % Tвин-80 қолдану қажет екендігі анықталды. Алынған бөлшектердің 

орташа мөлшері 196,4 нм, ал полидисперстілік мәні 0,233 құрады. Нанобөлшектердің тұрақтылығы 

4 ºC және 20 ºC температурада 4 сағат бойы зерттелді. Алынған нанобөлшектердің морфологиясы 

зерттелді. Алынған полилактид-со-гликолидтің нанобөлшектері газды хроматография және термо-

гравиметрия әдісімен тексерілген. Изониазидпен иммобилизацияланған полилактид-со-гликолидтің 

нанобөлшектері уақыт бойынша тұрақты және дәрілік заттың әсерін ұзарта алады. Изониазидтің 

полилактид-ко-гликолидті нанобөлшектерден in vitro босап шығуы зерттелді. 

Кілт сөздер: нанобөлшектер, полилактид-со-гликолид, изониазид, иммобилизация, полимерлер. 
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А.Т. Кажмуратова, Э.Ж. Жакупбекова, Л.Ж. Жапарова, А.А. Бакибаев 

Синтез и характеристика наночастиц полилактид-со-гликолида, 

иммобилизованных изониазидом 

Рассмотрены некоторые аспекты синтеза и характеристики наночастиц полилактид-со-гликолида, им-

мобилизованных противотуберкулезным препаратом изониазидом. Изучено влияние некоторых пара-

метров синтеза наночастиц (соотношение лекарственное вещество : полимер и концентрация ПАВ) на 

свойства получаемой наносомальной лекарственной формы изониазида. Найдены оптимальные усло-

вия для получения наночастиц с наилучшими физико-химическими показателями (размера частиц, 

полидисперсности, конверсии и т.д.) для применения в качестве носителей лекарственных препаратов. 

Установлено, что для получения устойчивых эмульсий наночастиц полилактид-со-гликолида с удов-

летворительными характеристиками необходимы соотношение полимер : лекарственное вещество 1:1 

и использование 3 % Твин-80. Средний размер полученных частиц составил 196,4 нм, а значение по-

лидисперсности — 0,323. Изучена агрегационная устойчивость наночастиц различного состава в те-
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чение 4-х ч при температурах 4 и 20 ºС. Исследована морфология полученных наночастиц. Наноча-

стицы полилактид-со-гликолида изучались методами газовой хроматографии и термогравиметрии. В 

ходе анализа выявлено, что наночастицы полилактид-со-гликолида, иммобилизованные изониазидом, 

стабильны во времени и способны пролонгировать действие лекарства. Кроме того, исследовано in 

vitro высвобождение изониазида из наночастиц полилактид-со-гликолида. 

Ключевые слова: наночастицы, полилактид-со-гликолид, изониазид, иммобилизация, полимеры. 
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1D and 2D NMR spectroscopy for identification  

of carbamide-containing biologically active compounds 

Urea (carbamide) is the main end product of amino acids' metabolism in mammals. Extensive research in the 

field of urea chemistry has contributed to the creation of many biologically active and other compounds based 

on the carbamide fragment NH–CO–NH. The substituting groups of urea directly affect its properties and 

characteristics which are reflected in the NMR spectral data and this circumstance can be the basis for the 

identification of urea derivatives. In this work, chemical shifts in the NMR spectra of urea and its acyclic 

structure, barbituric series, imidazolidinone series and bicyclic structure derivatives were studied and identi-

fied. A system analysis was carried out to determine the effect of the type of substituents on the positions of 

signals of the NH-CO-NH fragment in the NMR spectra. The possibility of 2D NMR spectroscopy using to 

simplify the identification procedure for complex mixtures was shown in the paper. The combined use of 1D 

and 2D NMR spectroscopy is convenient and informative to establish the structure of biologically active 

compounds. These methods make it possible to determine the presence and type of impurities, as well as to 

establish the destruction processes leading to the corresponding impurities. 

Keywords: urea, urea-containing compounds, barbiturates, glycoluril, imidazolidinone, NMR spectroscopy, 

hydrolysates, impurities. 

 

Introduction 

It is known that the urea (carbamide) I is a product of nitrogenous compounds’ metabolism in mammals 

[1, 2]. In some sources there is an information about an independent biological role of the urea [3–5]. The 

urea I is presented in the form of resonance structures Ia and Ib (Fig. 1) to explain some of the physicochem-

ical processes that occur with the participation of this compound. The studies carried out in the field of urea 

chemistry made it possible to create a variety of biologically active and other compounds of acyclic and het-

erocyclic structures containing the urea NH–CO–NH fragment [6–10]. 

Obviously, the substituting groups of urea directly affect its properties and characteristics which are re-

flected in the NMR spectral data, and this circumstance may be the basis for the identification of urea deriva-

tives. In this study, the chemical shifts in the NMR spectra of various heterocyclic derivatives of ureas were 

studied and identified to assess the effect of the type of substituents on the NH–CO–NH fragment. There are 

heterocyclic urea derivatives of barbituric series (pyrimidine-2,4,6-trione II, 5,5-diethylpyrimidine-2,4,6-

trione III, 5-ethyl-5-phenylpyrimidine-2,4,6-trione IV, 1-benzoyl-5-ethyl-5-phenylpyrimidine-2,4,6-

trione V, 1-benzoyl-5-ethyl-5-isoamylpyrimidine-2,4,6-trione VI), of imidazolidinone series (imidazolidin-

2,4-dione VII, 5,5-diphenylimidazolidine-2,4-dione VIII), bicyclic structure (2,4,6,8-tetraazabicyclo(3,3,0)-

octanedione-3,7 (glycoluryl) IX, 4,6,8-tetramethyl-2,4,6,8-tetraazabicyclo (3.3.0) octanedione-3.7 X), and of 

acyclic urea (N-(benzyl)urea XI, 1-[(3-chlorophenyl)(phenyl) methyl] urea XII, N-(phenylacetyl) urea XIII). 

The structures of these compounds are shown in Figure 1. 

Substances II–XIII were previously known and identified by various analytical methods [11, 12]. 

However, a systematic analysis of the effect of different chemical environments on the position of signals in 

the NMR spectra of biologically active compounds II–XIII has not yet been carried out. Previous NMR 

spectroscopy studies did not provide sufficient explanations for the chemical shifts of compounds II–XIII 

relative to the carbamide fragment of NH–CO–NH in accordance with the shielding and deshielding effects 

of the substituents. 
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Figure 1. Structures of substances I–XIII 

Therefore, the goal of our research was to identify and study the patterns of changes of chemical shifts 

in the 1D and 2D NMR spectra for a number of biologically active compounds II–XIII, urea I derivatives, 

and hydrolysates of these compounds XIV–XXIV. 

Experimental 

Samples of analyzed compounds II–XIII were provided by the Tomsk National Research Medical Cen-

ter of the Russian Academy of Sciences (Scientific Research Institute of Mental Health). Samples of com-

pounds XIV–XVII and XVIII, XX were synthesized according to the procedures [13, 14] and 

N-methylglycoluryls XXI–XXIV were obtained by the method described Kurgachev et al. [15]. 

NMR spectra were recorded on a Bruker AVANCE III HD spectrometer (Bruker Corporation, Germa-

ny) with an operating frequency of 400 and 100 MHz for 
1
H and 

13
C nuclei, respectively, in DMSO-d6 solu-

tion (0.001 mol : 0.5 ml of solvent). The internal standard was tetramethylsilane (TMS). 

Results and Discussion 

First of all, the analyzed compounds II–XIII are structurally intramolecular bisacetylated urea II–VI 

and mono-acetylated urea VII, VIII, bicyclic bisurea IX, X, arylmethylurea XI, XII and linear acetylurea 

XIII. Table 1 presents the chemical shifts of the key protons and carbonyl carbon atoms of the urea I (as a 

parent) and the carbamide-containing compounds II–XIII. 
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T a b l e  1  

Chemical shifts in the NMR spectra for substances I–XVIII 

Sub-
stance 

1Н NMR spectrum,δ, ppm (J, Hz) 13С NMR spectrum,δ, ppm (Hz) 

1 3 4 5 Substituents 2 4 5 6 Substituents 

I 
5.93 

(2H, s) 

5.93 

(2H, s) 
– – – 161.5 – – – – 

II 
11.12 

(1H, s) 
11.12 

(1H, s) 
– 

3.46 
(2H, s) 

– 151.9 168.5 39.8 168.5 – 

III 
11.53 

(1H, s) 

11.53 

(1H, s) 
– – 

1.81 (4H, q, J=7.6, CH2), 

0.74 (6H, t, J=7.6, CH3) 
150.4 173.6 57.0 173.6 

31,8 (С7, С9), 

9.7 (С8, С10) 

IV 
11.74 

(1H, s) 

11.74 

(1H, s) 
– – 

7.31–7.40 (5Н, m, Ph),  
2.31 (2Н, q, J=7.2, СН2),  

0.87 (3Н, t, J=7.6, СН3) 

150.3 172.0 60.4 172.0 
126.7, 128.7, 129.6, 138.9 (Ph), 

29.0 (С7), 10.2 (С8) 

V – 
12.41 

(1H, s) 
– – 

7.42–7.50 (5Н, m, Ph),  

7.98 (2Н, d, J=7.6, Ph),  
7.78 (2Н, dd, Ph),  

7.59 (1Н, dd, Ph),  

2,5 (2Н, q, J=7.2, СН2),  
0,99 (3Н, t, J=7.2, СН3) 

149.0 170.8 61.4 171.0 

169.1 (С9), 129.2, 130.1, 130.87, 

137.7 (Ph), 131.5, 126.8, 129.8, 
136.5 (Ph), 29.0 (С7), 10.3(С8) 

VI – 
11.76 

(1H, s) 
– – 

7.96 (2Н, d, J=8.0, Ph),  

7.81 (1Н, dd, Ph,)  
7.63 (2Н, dd. Ph),  

1.97–1.91 (2Н, m, СН2),  

1.91–1.88 (2Н, m, СН2),  
1.48–1.41 (1Н, m, СН),  

1.14–1.09 (2Н, m, СН2),  

0.88 (3Н, t, J=7.6, СН3 (Et)), 
0.81 (6Н, t, J=6.4, 2СН3,  

(i-Bu)) 

149.4 172.8 57.5 173.1 

169.5 (С9), 130.5, 131.0, 131.7, 
136.8 (Ph), 36.5 (С10), 34.2 (С7), 

32.5(СН2, i-Bu), 28.3 (СН, i-Bu), 

22.9 (СН3, i-Bu),  
22.9 (СН3, i-Bu), 10.0 (С8) 

VII 
10.66 

(1H, s) 
7.72 

(1H, s) 
3.84 

(2H, s) 
– – 158.8 47.7 174.4 – – 

VIII 
11.34 

(1H, s) 

9.55 

(1H, s) 
– – 

8.00 (5Н, m, Ph), 7.32 (5Н, m, 

Ph) 
156.6 70.5 175.3 – 140.2, 129.7, 128.3, 126.8 (Ph) 

IX 
7.16 

(1H, s) 
– 

5.24 
(2H, s) 

 – 160.3 64.6 – – – 

X – – 
5.06 

(2H, s) 
– 2.82 (12H, s) 159.1 71.9 – – 30.4 (С5,6) 

XI 
5.72 

(2H, s) 

6.56 

(1H, t, 

J = 4.8) 

4.23 

(d. 2Н, 

J = 6.3) 

– 7.29 (5Н, m, Ph), 159.5 43.4 – – 128.7, 127.5, 127.0, 141.3 (Ph), 

XII 

7.04 

(1H, d, 
J = 8.4) 

5.60 

(2H, s) 

5.85 

(1H, d, 
J = 8.8) 

– 7.22–7.38 (9H, m, (Ph, Ar). 158.0 56.6 – – 

126.2, 126.4, 127.6, 144.1 (Ph), 

135.8, 128.1, 126.9,  
140.8 (Cl-Ar) 

XIII 
7.74 

(2H, s) 

10.40 

(2H, s) 
– 

3.61 

(2H, s) 
7.23–7.33 (5H, m, Ph) 154.9 173.7 43.3 – 127.7, 129.2, 130.1, 135.5 (Ph) 

 

The following patterns can be identified based on the data in Table 1: 

1. Significant shielding of C=O group compared to the urea I (C
2
-carbons, up to 12.5 ppm) occurs with 

intramolecular (compounds II–VIII) and linear acylation of the urea I (compound IX). While N-

arylalkylation (XI, XII) and bicyclization (IX, X) causes a slight change in the chemical shifts of C=O 

groups (Δ = 2 ppm). 

2. It is interesting to compare the chemical shifts of acyl carbonyl groups in the series of barbiturates 

(C
2
-carbon). Any type of N- and C-substitution in the pyrimidinone cycle (III–VI compounds) causes a 

higher-field C
2
-carbon shift compared to the chemical shifts of this carbon of the barbituric acid II itself (up 

to 2 ppm). This circumstance may be due to some changes in the geometry of the pyrimidinone cycle under 

the influence of substituents at C
2
-carbon. 

3. The chemical shifts of C
5
-carbon in С,С-disubstituted derivatives of the barbituric acids II–VI are 

well distinguished in the 
13

C NMR spectra: in the dialkyl-substituted III, VI (57.0–57.5 ppm), and in the 

phenylalkyl-substituted compounds IV, V (60.4–61.4 ppm). 

4. The data of the 
1
H NMR spectra indicates that any type of N-substitution in the urea I leads to regular 

lower field shifts of NH-protons from 6.56 ppm (arylmethylation: acyclic compounds XI–XIII); up to 

12.41 ppm (cyclic urea VII, VIII, barbituric derivative V and its analogues). 

One of the main ways of transformation of the studied compounds II–XIII is the process of their hy-

drolysis or oxidative destruction in the biogenic medium. Initially, formation of the corresponding acylureas 

from compounds II–VIII or the corresponding amide from the urea XII and even from the urea itself can be 
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expected during the series of such type of reactions. In this regard, the 
1
H and 

13
C NMR spectra of a number 

of hydrolysates XIV–XVII of studied biologically active compounds II–XIII were taken and identified  

(Table 2). 

T a b l e  2  

Chemical shifts in the NMR spectra of probable hydrolysates XI–XIV for compounds of urea derivatives II–X 

 

R1 = CH3C(O)NH, R5=Ph (XIV); 

R1 = i-C3H7C(O)NH, R5=H (XV); 

R1 = H, R5= 3-Cl-С6Н4 (XVI); 

R1 = (3-Cl-С6Н4)(Ph)CHNH R5=3-Cl-С6Н4 (XVII) 

Substance 
1
Н NMR spectrum,δ, ppm (J, Hz)

 13
С NMR spectrum,δ, ppm (Hz) 

1 3 4 Substituents 2 4 Substituents 

XIV 
10.77 

(1H, s) 

9.49 

(1H, d) 

6.27 

(1H, d) 

7.41–7.53 (5H, m, 

Ph), 2.25 (3H, s, 

СН3) 

153.2 57.2 
173.7 (COR1), 142.5, 126.9, 128.9, 

127.6 (Ph), 24.0 (СН3) 

XV 
10.53 

(1H, s) 

9.02 

(1H, d) 

4.70 

(2H, s) 

7.45–7.50 (5H, m, 

Ph), 3.91 (1H, sep, 

СН), 1.17 (6H, d, 

CH3, i-Pr) 

153.6 42.6 
174.6 (COR), 139.4, 128.5, 127.3, 

127.0 (Ph), 38.0 (СН), 23.6 (СН3) 

XVI 
9.52 

(1H, s) 

8.47 

(1H, d) 

6.61 

(1Н, d) 

7.41–7.62 (9H, m, 

Ph, Cl-С6Н4) 
160.4 54.2 

141.6, 128.6, 127.3, 127.2 (Ph), 144.8, 

126.0, 130.4, 128.1, 133.3, 126.3,  

(Cl-С6Н4) 

XVII 
7.01 

(1H, d) 

7.01 

(1H, d) 

6.01 

(2Н, d) 

7.49–7.54 (9H, m, 

Ph, Cl-С6Н4) 
156.57 56.57 

142.6, 126.9, 128.5, 127.0  

(Ph, 3-Cl-С6Н4) 

 

According to the result of the initial hydrolytic transformations of barbituric acid derivatives II–VI and 

imidazolidinone compound VIII, formation of the corresponding N-acetylureas is quite predictable. There-

fore, N-alkyl (aryl)-N-acylurea XIV–XV was used as a model substance in the NMR spectra. Its data were 

also compared with the spectra of compounds II–VI, VIII. It was found that the chemical shifts of carbonyl 

group (NH–CO–NH) of barbiturates II–VI is located in a higher-field (149–151 ppm) than in N-acylureas 

XIV–XV (153 ppm). However, the chemical shifts of NH-protons of the barbituric acid and its derivatives 

II–VI are more strongly deshielded (11.20–12.41 ppm) than those of N-alkyl(aryl)-N-acylureas XIV, XV 

(9.02–10.77 ppm). Detailed analysis of the chemical shifts values (Table 1) of the compared compounds II–

VI, VIII makes it possible to distinguish intramolecular acylated urea II–VI, VIII from their acyclic inter-

mediates XIV, XV. 

One of the most possible products of the hydrolysis of m-chlorobenzhydrylurea XII is m-chloro-

benzhydrylformamide XVI. The chemical shifts of compounds XVI and m-chlorobenzhydrylurea XII were 

recorded and identified (Table 2). Comparison of the chemical shifts of these compounds makes it possible 

to reliably and distinguish them due to the perceptible difference in the chemical shifts of methine CH  

(Δ = 2.5 ppm), CO-carbons (Δ = 2.39 ppm), and NH-protons (Δ = 1.4 ppm). 

In our opinion, the NMR identification of di(m-chlorobenzhydryl)urea XVII is extremely important, 

since the synthesis of compound XII always results in its di-derivative XVII, which accompanies the sub-

stance of the preparation as a minor impurity. When NMR spectra of compounds XII and XVII were com-

pared, a significant difference of the chemical shift of the carbonyl groups was observed (approximately 

2 ppm). The observed difference in the chemical shift of the C=O groups makes it possible to establish the 

presence of an impurity of compound XVII in substance XII by NMR. Using 
13

C, 
15

N NMR spectroscopy 

and quantum chemical calculations, it was shown that the CS in the 
13

C spectra of C=O groups of urea does 

not correlate well with the electron density on the carbon atom [16]. It was found that the shielding of the 

carbonyl carbon atom in the di(m-chlorobenzhydryl) derivative of XVII in comparison with XII in the N-

substitution of urea I is due to the presence of «bulky» radicals. The reason is an increase in steric stresses 

(compression) in compound XVII due to the «bulkiness» of symmetric diarylmethyl radicals, and an in-

crease in the order of the amide bond, as a result. 

The possible products of the initial hydrolytic transformations of hydantoin VII and a bicyclic urea IX 

were examined (Table 3). Thus, the formation of 4,5-dihydroxyimidazolidin-2-one XVIII is possible in the 

reaction mixture as an intermediate of synthesis of component compounds VII, IX, and the product of their 

long hydrolysis, therefore, its identification as an impurity is important. 
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T a b l e  3  

Chemical shifts in the NMR spectra of the probable products XVIII–XXIV of hydrolytic transformations of 

substances VII, IX and X 

   

R=R
1
=H (I) 

R=R
1
=Me (XIX) 

R=R
1
=H (XVIII) 

R=R
1
=Me (XX) 

R=R
1
=R

2
=R

3
=H (IX); 

R=R
3
=Me, R

1
, R

2
=H (XXI); 

R=R
2
=Me, R

1
, R

3
=H (XXII); 

R=R
1
=Me, R

2
=R

3
=H (XXIII); 

R=Me, R
1
=R

2
=R

3
=H (XXIV); 

Chemical shifts of 
1
Н NMR spectrum, δ, ppm (J, Hz) 

Substance CH3 СН СН NH ОН 

I – – 5.93 (2H, s) – 

XVIII  4.48 (2H, d) 6.98 (2H, s) 5.76 (2H, d) 

IX  5.24 (2Н, s) 7.16 (2H, s)  

XIX 2.51 (6H, s) – 6.12 (2H, s)  

XX 2.65 (6H, s) 4.50 (2Н, s) – 6.24 (2H, s) 

X 2.81 (12H, s) 5.06 (2Н, s) –  

XXI 2.78 (6H, s) 5.15 (1H, d) 5.18 (1H, d) 7.39 (2H, s)  

XXII 2.60 (6H, s) 5.10 (2H, s) 7.57 (2H, s)  

XXIII 2.64 (6H, s) 5.12 (2H, s) 7.54 (2H, s)  

XXIV 2.60 (3H, s) 5.14 (1H, d) 5.19 (1H, d) 7.20 (1H, s) 7.30 (2H, s)  

Chemical shifts of 
13

С NMR spectrum, δ, ppm (Hz) 

Substance CH3 СН СН C=O 

I – – 161.5 

XVIII – 84.3 160.9 

IX – 64.6 160.3 

XIX 26.8 – 160.8 

XX 27.2 86.1 158.3 

X 30.4 71.9 159.1 

XXI 29.7 60.6 75.6 159.5 160.2 

XXII 27.4 67.4 159.7 

XXIII 28.2 76.7 158.2 

XXIV 27.6 62.5 69.9 159.8 161.8 

 

A combined analysis of the chemical shifts of NH protons in the series of acyclic urea I (5.93 ppm), 

monocyclic urea XVIII (6.98 ppm) and bicyclic urea IX (7.16 ppm) allows them to be reliably distinguished 

in the NMR spectra. Probably, the cyclization (XVIII) of urea I affects the displacement of the chemical 

shift of the NH groups to 6.98 ppm, and the bicyclization deshielding this signal to 7.16 ppm. (IX). Methine 

protons in cycle XVIII are shifted by 0.76 ppm in a higher-field relative to СН–СН glycoluryl (IX), and, due 

to the structural features, resonate with a doublet. However, when comparing the chemical shifts of methine 

carbons in the 
13

C NMR spectra, an antibatical shift of the peaks is observed: the CH–CH signals of urea 

XVIII are shifted to a weak field by 21.7 ppm relative to bicycle IX. The positions of the signals of the car-

bonyl C=O groups in the 
13

C NMR spectra for substances I, XVIII, IX are almost the same, but the signal 

C=O group in acyclic urea I is the most deshielded. It can be noted that for the identification of compounds 

I, XVIII, IX proton NMR spectra are more informative. 

In study Kurgachev et al [15], we isolated and characterized by chromatography and mass spectrometry 

analytical methods all possible N-methyl derivatives of glycoluril XXI–XXIV, which can be present as 

probable products of mebicar X transformation in hydrolysis conditions. In this study we compare the values 

of chemical shifts in the NMR spectra of N-methylglycoluryl (hereafter, MeGU) X, XXI–XXIV and 

N,N'-dimethylurea XIX (Table 3). However, it is also necessary to take into account the possible presence of 
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the monocyclic analogue of 1,3-dimethyl-4,5-dihydroxyimidazolidin-2-one XX as an intermediate in the 

synthesis of urea X and its half-life product, the NMR characteristics of which are described in Table 3. 
1
H and 

13
C NMR methods are highly informative for the identification of methyl derivatives of urea-

containing compounds XIX–XXIV. The presence of CH3-groups in MeGU X, XXI–XXIV leads to shielding 

of CH protons (5.24–5.06 ppm) and to deshielding of NH protons (7.16–7.55 ppm) of these compounds rela-

tive to IX in 
1
H NMR spectra. A similar antibate effect was found in the 

13
C NMR spectra for chemical shifts 

of compounds X, XXI–XXIV. There is a general deshielding of CH-carbons and a higher-field shift of C=O 

groups relatively to bisurea IX (Table 3). 

In MeGU X, XXI–XXIV the most sensitive fragments to changes in the structure of the bicyclic skele-

ton are CH–CH fragments (Table 3), where the shielding range for 
1
H signals is 0.18 ppm, and the range of 

changes for 
13

C signals is observed from –4.0 ppm up to +12.1 ppm and –14.2 ppm for XX relative to MeGU 

X. Symmetric MeGUs X and XXII, XXII regularly give singlet peaks of CH-protons in the regions of 5.10, 

5.12, and 5.06 ppm and annelated carbon atoms in the region of 67.4, 76.7, 71.9 ppm (Table 3). In asymmet-

ric MeGUs XXI and XXIV, due to their nonequivalence, protons and carbons resonate in pairs in the regions 

5.14–5.19 ppm, 5.15–5.18 ppm (
1
H NMR) and 62.5–70.0 ppm, 60.6–75.6 ppm (

13
C NMR). It is seen, that 

CH3 groups have a symbiotic effect of de-shielding of CH signal in the 
13

C NMR spectra of monocycles 

XVIII (84.3 ppm) and XX (86.1 ppm). 

When comparing the chemical shifts of unsubstituted urea (I, XVIII, IX) and N,N'-methylureas (X, 

XX, XIX) (Table 3), it can be noted that N-methyl substituents cause weak shielding of the carbonyl atom 

carbon N–CO–N in 
13

C NMR spectra. It can be determined by the effects of steric inhibition of conjugation 

in the amide fragment with a corresponding decrease in the order of the amide bond [16].
 

Thus, variations of the chemical shifts in the NMR spectra of substances X, XX–XXIV can be addi-

tionally caused by an increase in the effect of steric compression from methyl groups in the CH–N–Me 

fragment. This effect is progressive with an increase in the number of methyl groups in nitrogen atoms, as 

indicated by spectral data in Table 3. 

In our opinion, the characteristics of the NMR spectra of compounds XIV–XXIV are suitable for de-

termining the possible products of hydrolytic or oxidative transformations of urea-containing biologically 

active compounds II–XIII. 

The 
1
H (Fig. 2) and 

13
C (Fig. 3) NMR spectra of the model mixture consisting of urea I, barbituric acid 

II, phenobarbital IV, N,N'-dimethylurea XIX and N-methylglycoluril X in DMSO-d6 were for visual inves-

tigation of the environmental effect on chemical signals of C=O in a carbonyl fragment. 

 

 

Figure 2. 
1
Н NMR spectrum of a model mixture of substances: urea I, barbituric acid II, phenobarbital IV,  

N,N'-dimethylurea XIX and N-methylglycoluryl X in DMSO-d6 (δ 2.50 ppm) 
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Figure 3. 
13

C NMR spectrum of a model mixture of substances: urea I, barbituric acid II, phenobarbital IV,  

N,N'-dimethylurea XIX and N-methylglycoluryl X in DMSO-d6 (δ 39.5 ppm) 

Resonance signals can overlap with solvent peaks when registering 1D spectra (Fig. 2 and 3) of mix-

tures of compounds I, II, IV, XIX, and X in DMSO-d6. But these substances are always distinguishable, 

since the same compound gives several signals in different regions of the NMR spectrum. In our example the 

difference in the chemical shifts of the urea NH–CO–NH fragment of compounds I, II, IV, XIX, and X is 

also noticeably. The position of the C=O signals depends on the substituent groups in NH–CO–NH. 

Thus, the presented data of NMR spectra of the model mixture of substances IV, X and possible impuri-

ties I, II, XIX (Fig. 2 and 3) allows to reliably identify compounds and reliably distinguish them from each 

other. However, for this identification example (Fig. 2, 3), it is necessary to pre-record the spectra of the 

standards or to separate the components of the analyzed mixture. 

In this paper, the possibility of using two-dimensional 2D NMR spectroscopy to simplify the identifica-

tion procedure in the composition of complex mixtures was shown. Such widely recommended techniques 

[17–19] as 
1
H–

1
H COSY homonuclear correlation spectroscopy (Fig. 4) and heteronuclear correlation meth-

ods (
1
H–

13
C HSQC (Fig. 5) and 

1
H–

15
N HSQC (Fig. 6)) were used. Determination of correlations in the spec-

tra of COSY (Fig. 4) and HSQC (Fig. 5, 6) between the functional groups of compounds I, II, IV, XIX, and 

X in the mixture was shown. 

It can be seen (Fig. 4) that the protons NH–CO–NH of phenobarbital IV have common cross peaks with 

the protons of their own molecule. The signal at 11.99 ppm correlates with the protons of the phenyl substit-

uent 7.13 ppm, with a quartet at 2.25 ppm and triplet at 0.84 ppm of ethyl radical, which also have a peak of 

interaction (0.84 ppm; 2.24 ppm). Barbituric acid protons II (NH–CO–NH) have a common cross-peak with 

the signal of the CH2 group (11.24 ppm, 3.46 ppm). Signal of the NH-group of N,N'-dimethylurea XIX at 

5.82 ppm correlate with the doublet of the methyl radical at 2.53 ppm, and the methyl protons CH3 of 

N-methylglycoluril X have a cross-peak with the methine group CH–CH (2.81 ppm; 5.04 ppm). Urea I NH 

protons at 5.32 ppm correlate with themselves due to equivalence and there is no cross-peak in the 
1
H–

1
H 

COSY spectrum. 
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Figure 4. 
1
H–

1
H COSY spectrum of a model mixture of substances: urea I, barbituric acid II, phenobarbital IV,  

N,N'-dimethylurea XIX and N-methylglycoluril X in DMSO-d6 (δ 2.50 ppm) 

After the correlation of the proton groups of individual substances was established, the data of the 

heteronuclear 
1
H–

13
C HSQC spectrum were used (Fig. 5). 

 

 

Figure 5. 
1
H–

13
C HSQC spectrum of a model mixture of substances: urea I, barbituric acid II, phenobarbital IV,  

N,N'-dimethylurea XIX and N-methylglycoluril X in DMSO-d6 (δ: 2.50 ppm; 39.5 ppm) 

It is shown (Fig. 5) that previously established multiplet signals of Ph-protons of compound IV at 

7.34 ppm have cross peaks with carbon signals at 126.6 ppm and 129.5 ppm, probably the carbon signal of 

the para position at 128.7 ppm is hidden. The proton signals of ethyl radical IV (0.84 ppm and 2.24 ppm) 

correlate with the signals of carbons (10.0 ppm and 28.9 ppm), respectively. Protons of the CH2 group of 

barbituric acid II at 3.46 ppm directly bonded to carbon at 60.3 ppm. The signal of the methine CH–CH 

group of the N-methylglycoluril X has a common peak in the regions: 5.04 ppm for 
1
H and 71.9 ppm for 

13
С, 

and methyl groups at 2.81 ppm correlate with a carbon signal of 30.4 ppm. Doublet of protons of the CH3 

group of N,N'-dimethylurea XIX at 2.53 ppm intersects with a carbon signal in the region of 26.9 ppm. 

Chemical shifts of nitrogen atoms of 
15

N amino groups of ureas I, II, IV, XIX, which have a direct N–

H bond, can be determined in the 
1
H–

15
N HSQC spectrum (Fig. 6). 
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Figure 6. 
1
H–

15
N HSQC spectrum of a model mixture of substances: urea I, barbituric acid II, phenobarbital IV,  

N,N'-dimethylurea XIX and N-methylglycoluril X in DMSO-d6 (δ 2.50 ppm) 

It can be seen (Fig. 6) that the chemical shift of the 
15

N amino group of N,N'-dimethylurea XIX at 

67.6 ppm is located in a stronger field relative to the signal 
15

N of urea I (76.7 ppm) due to the electron-

donating effect of methyl groups. A comparison of the 
15

N chemical shifts of phenobarbital IV and barbituric 

acid II showed that the signals are in the same region (153.3 ppm), and this fact makes them indistinguisha-

ble. Almost twofold deshielding of the signals of the 
15

N NH groups of compounds II and IV in comparison 

with the chemical shifts of urea I occurs due to intramolecular bisacetylation, causing an electron-

withdrawing effect. 

Conclusions 

Thus, the data of chemical shifts of carbamide-containing biologically active compounds I–XIII (Ta-

ble 1) make it possible to identify these substances, on the one hand, and, on the other, to reliably distinguish 

them in the 
1
H and 

13
C NMR spectra, including compounds of the same class of azaheterocycles (barbiturates 

II–VI, hydantoins VII, VIII, glycolurils IX, X, XXI–XXIV). It was shown on a model mixture of some 

urea-containing biologically active compounds IV, X and probable impurities I, II, XIX (Fig. 2, 3) that they 

can be easily identified by NMR spectra. 

In addition, this study demonstrated the convenience of using two-dimensional 2D NMR spectroscopy 

to analyze a model mixture of I, II, IV, XIX, and X (Fig. 3–5), where the presence of standards and prelimi-

nary separation are not required to identify chemical shifts of compounds. The use of 2D methods of NMR 

spectroscopy can provide comprehensive information for the identification of all components of the analyzed 

sample. 

In summary of the studies, it can be noted that the combined use of 1D and 2D NMR spectroscopy is 

convenient and informative to confirm the structure of biologically active compounds I–XIII. These meth-

ods make it possible to determine the presence and type of impurities XIV–XXIV, as well as to establish the 

destruction processes leading to the corresponding impurities XIV–XXIV. 
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Мочевина құрамындағы биологиялық белсенді қосылыстарды анықтауға 

арналған 1D және 2D NMR спектроскопиясы 

Мочевина (карбамид) — сүтқоректілердегі азотты қосылыстардың алмасуының өнімі екені белгілі. 

Мочевина химияның саласындағы біртұтас зерттеулері көптеген биологиялық белсенді және басқа 

қосылыстар, құрамында мочевина NH–CO–NH фрагменті бар құрылымдарын жасауға мүмкіндік 

берді. Несепнәрді алмастыратын топтар оның қасиеттері мен сипаттамаларына тікелей әсер етеді, 

олар ЯМР спектрлік мәліметтерде көрініс табады және бұл жағдай мочевина туындыларын анықтауға 

негіз бола алады. Жұмыста мочевина мен оның туындыларының ЯМР спектрлеріндегі химиялық 

ауысулар зерттелді және анықталды: ациклдік құрылым, барбитуралық сериялар, имидазолидинондар 

сериясы және бициклдік құрылым. Орынбасар типінің s-ге NH-CO-NH фрагментінің NMR 

спектрлеріндегі позицияларының әсерін анықтау үшін жүйелік талдау жүргізілді. Сондай-ақ, кешенді 

қоспалар құрамындағы сәйкестендіру процедурасын жеңілдету үшін 2D NMR спектроскопиясын 

қолдану мүмкіндігі көрсетілген. 1D және 2D NMR спектроскопиясын бірге қолдану қосылыстар 

құрылымын құру үшін ыңғайлы және ақпараттылыққа ие. Бұл әдістер қоспалардың болуы мен түрін 

анықтауға және тиісті қоспаларға әкелетін жою процестерін орнатуға мүмкіндік береді. 

Кілт сөздер: құрамында карбамид бар қосылыстар, барбитураттар, NMR спектроскопиясы, 

гидролизаттар, қоспалар. 
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1D и 2D ЯМР-спектроскопия для идентификации карбамидсодержащих 

биологически активных соединений 

Известно, что мочевина (карбамид) является продуктом метаболизма азотистых соединений у млеко-

питающих. Целенаправленные исследования в области химии мочевины позволили создать множест-

во биологически активных и других соединений ациклической и гетероциклической структур, содер-

жащих NH–CO–NH карбамидный фрагмент. Заместители в молекуле мочевины напрямую влияют на 

ее свойства и характеристики, которые отражаются в данных спектров ЯМР, и это обстоятельство 

может быть основанием для идентификации мочевины и ее производных. В статье изучены и иденти-

фицированы химические сдвиги в спектрах ЯМР мочевины и ее производных: ациклического строе-

ния, барбитурового ряда, имидазолидинонового ряда и бициклического строения. Был проведен сис-

темный анализ для определения влияния типа заместителей на положения сигналов фрагмента NH-

CO-NH в спектрах ЯМР. Авторами показана возможность использования 2D ЯМР-спектроскопии для 

упрощения процедуры идентификации сложных смесей, где совместное использование 1D и 2D ЯМР-

спектроскопии достаточно удобно и информативно для установления структур биологически актив-

ных соединений. Данные методы позволяют нам определить наличие и тип примесей, а также процес-

сы деструкции, приводящие к соответствующим примесям. 

Ключевые слова: мочевина, карбамидсодержащие соединения, барбитураты, гликолурил, имидазоли-

динон, ЯМР-спектроскопия, гидролизаты, примеси. 
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Hydrogen distribution in primary coke oven tar and its fractions 

The aim of this work is to determine the hydrogen distribution in primary coke oven tar and its fractions. The 

hydrogen distribution in the primary coke oven tar of «ShubarkolKomir» JSC, its distillate fractions and dis-

tillation residue have been determined by the methods of elemental analysis, IR and PMR spectroscopy. The 

atomic ratio of C: H in the primary coke oven tar is 0.79. All fractions of the tar contain a large amount of al-

kyl-substituted aromatic compounds, phenols and other substances with alkyl groups. The initial tar charac-

terized by a high content of hydrogen in the α- and β-positions to the aromatic ring, 29 % and 34 % respec-

tively, which indicates a large number of alkyl substituents in the aromatic rings and near double bonds. The 

total amount of aliphatic and aromatic hydrogen in the tar is 79 % and 21 % respectively. Olefinic hydrogen 

is presented in the initial tar in an amount of 8 %. It is possible to make a choice of techniques for further 

processing (hydrogenation, coking, thermal cracking) to obtain products with high added value on the basis of 

determination of the elemental composition, quantitative distribution of hydrogen in the primary coke oven 

tar and its fractions by the using of above mentioned physical and chemical methods. 

Keywords: primary coke oven tar, IR spectroscopy, PMR spectroscopy, elemental analysis, tar fractions, hy-

drogen distribution. 

 

Introduction 

Recently a decrease in reserves of low-viscosity, so-called «light» oils is observed. This requires the use 

of unconventional sources of hydrocarbon raw materials, new for oil refining, such as heavy oils and petro-

leum bitumens [1]. In addition, other types of alternative raw materials for oil refining and petrochemistry 

are coal products, which are not inferior in characteristics to their counterparts isolated from oil, and some 

have no analogues. This coal product is coke oven tar. Coke oven tars are obtained by the thermal processing 

of coal, which contain a significant amount of various organic compounds (hydrocarbons of all types and 

classes, heteroatomic, polyaromatic hydrocarbons, phenols and others). They can be used in oil refining, 

petrochemistry, ferrous and nonferrous metallurgy, nuclear industry. Coke-chemical tar is divided into two 

types: primary coke oven tar (PCOT) and high temperature coal tar [2–4]. It should be noted that high-

temperature coke oven tar is used in industry, but primary coke oven tar doesn’t find industrial application 

abroad and in our country, due to the high content of phenols (35–45 %) [5] and unstable low-boiling and 

resinous components [6]. The PCOT manufacturer in the Republic of Kazakhstan is «ShubarkolKomir» JSC 

[7]. All their products are sold in the near and far abroad as well as the entire produced volume of PCOT, 

which does not stimulate the development of innovative processes for obtaining multipurpose valuable low 

molecular weight hydrocarbons. Coke-chemical tar, consisting mainly of condensed aromatic hydrocarbons 

https://doi.org/10.31489/2021Ch1/82-90
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and other high-molecular compounds, refers to a difficult-to-process raw material. Knowledge of the primary 

coke oven tar chemical composition and its fractions allows to determine the choice of methods for further 

processing (hydrogenation, coking, thermal cracking) to obtain products with high added value. 

The aim of this work is to determine the hydrogen distribution in the initial tar and its fractions by the 

methods of elemental analysis, IR and PMR spectroscopy. The quantitative distribution of hydrogen in the 

initial coke oven tar and its fractions of «ShubarkolKomir» JSC was established using physicochemical 

methods for the first time. 

Experimental 

Physicochemical characteristics of the tar are determined according to the indicators listed in [8]. In ad-

dition, the fractional composition has been determined by the method described in [9, 10]. 

Due to the close values of the density of tar and water, dehydration of tar by sedimentation is practically 

impossible, which complicates the process of tar fractionation. Toluene was added in an amount of 10 % of 

the coal tar in order to separate water from the tar before distillation. After distillation of the azeotropic mix-

ture of toluene with water, fractionation was carried out, and the temperature was measured both in the vapor 

and in the liquid phase. Fractionation has been stopped when the temperature in the liquid reached 390–

405 ºC, in order to avoid significant changes in the primary tar due to thermal reactions in the boiler. The 

fractions were selected as in the distillation of high-temperature coking tar. Fractions were selected in ac-

cordance with the range of their boiling points: up to 180 ºC; 180–210 ºC; 210–230 ºC; 230–270 ºC; above 

270 ºC and up to the end of distillation. A comparative analysis with the high-temperature coking tar of 

«ArcelorMittal Temirtau» JSC was carried out. 

Determination of the carbon, and nitrogen content in the solid residue of pyrolysis has been carried out 

by «CHN PE 2400-II» an automatic analyzer of «PerkinElmerInstruments». The sulfur content has been 

determined by the method of barium titration. 

IR spectra of pyrolysis solid residues were obtained by FTIR diffuse reflection spectroscopy on a spec-

trometer with a Fourier transducer «Perkin-ElmerSpectrumBX-II». The samples for the spectral recording 

were prepared by applying a thin layer of a carefully ground sample on a special holder plate. IR transmis-

sion spectra of liquid products were obtained by taking of layer. 

The PMR spectra of the fractions obtained by distillation of the semi-coking tar were recorded by a 

Broker DRX 400 spectrometer with TMS, as an internal standard in a CDCl3 solution, at room temperature. 

The hydrogen distribution in the samples was determined by the PMR spectra according to the follow-

ing signal assignments for chemical shifts: 

0–1.0 ppm — corresponds to the protons of methyl groups that are not bound with aromatic rings or are 

in the γ-position to them, further (Нγ); 

1.0–2.0 ppm — corresponds to the protons of methyl, methylene and methine groups located in 

β-position with regard to the aromatic ring and double bond, as well as methylene groups in saturated struc-

tures (Hβ); 

2.0–4.4 ppm — corresponds to the protons in all alkyl groups in the α-positions of aromatic rings and 

double bonds (Нα); 

4.5–6.7 ppm — corresponds to the protons of olefinic structures (Holef); 

6.7–9.0 ppm — corresponds to the protons of aromatic groups (Наr). 

Results and Discussion 

Tar main characteristics 

Provided by manufacturer two samples of tar with 12.5 % and 2.2 % of water content were studied (Ta-

ble 1). 

The main characteristics of «ShubarkolKomir» JSC tar in comparison with the high-temperature coking 

tar are shown in Table 2. 

In comparison with the high-temperature coking tar, the studied tar is characterized by: low density 

(1.045–1.062 g/cm
3
); low content of insoluble substances in toluene and the absence of insoluble substances 

in quinoline; a reduced yield of distillation residue (pitch); a high content of phenols and a low content of 

naphthalene. 
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T a b l e  1  

Technical analysis of «ShubarkolKomir» JSC tar samples 

Description 
1

st
 sample 

March 2019 

2
nd

 sample 

April 2019 

Tar density at 20 ºC, g/cm
3
 1.039 1.061 

Tar density in terms of anhydrous at 20 ºC, g/cm
3
 1.045 1.062 

Water content, % 12.5 2.2 

Mass fraction of substances insoluble in toluene, % 1.3 1.4 

Mass fraction of substances insoluble in quinoline, % – – 

Ash content, % 0.12 – 

 

T a b l e  2  

Comparison of the characteristics of tar from «ShubarkolKomir» JSC and «ArcelorMittal Temirtau» JSC 

No. Indicator 

Tar types 

Determination method 
«ShubarkolKomir» JSC tar 

«ArcelorMittal 

Temirtau» JSC  

high-temperature coke 

oven tar 

1 Density at 20ºС, g/cm
3 

1.062 1.190 State Standard [11, 12] 

2 

Fractional composition, mass frac-

tion (from anhydrous tar), % 

till 180 ºС 

180–210 ºС 

210–230 ºС 

230–270 ºС 

up to 270 ºС by vapor 

till 390 ºС in a still 

up to 270 ºС by vapor 

till 405ºС in a still 

Distillation residue (pitch) yield, % 

at 390 ºС in a still 

at 405 ºС in a still 

 

 

5.1 

4.4 

4.8 

15.8 

 

19.7 

26.1 

 

 

49.8 

40.0 

 

 

0.5 

2.5 

10 

8 

 

19 

 

 

 

 

60 

Specification [9], [10] 

3 
Mass fraction of substances insolu-

ble in toluene (α-fraction), % 
1.4 6–10 

State Standard [13], 

specification [8] 

4 
Mass fraction of substances insolu-

ble in quinoline (α1-fraction), % 
– 4–6 

State Standard [14], 

specification [8] 

5 Ash content, % 0.12 <0.3 Specification [8] 

6 Phenol content, % 20.6 1–2 

Calculated by the con-

tent of phenols in dis-

tillate fractions up to 

390 °C in a still 

7 Naphthalene content, % 1.6 7–12 

According to GLC/MS 

data of distillate  

fractions 

 

Elemental analysis of fractions 

Data on the density of fractions and the elemental composition of fractions and pitch are shown in Ta-

ble 3. 

From the data in Table 3 it follows: 

 the carbon content reaches 80.6–82.5 % in the fractions, and 83–84 % in pitch; 

 the hydrogen content is 9.1–9.8 % in the fractions and it decreases to 7.4–7.8 % in the pitches; 

 the atomic ratio of C: H is at the level of 0.71–0.79 in the fractions and it increases to 0.90–0.94 in 

pitch; 

 fractions and pitch contain more than 9–10 % of the total oxygen and sulfur, while the sulfur content 

is less than 0.3 %, the oxygen content declines considerably in the distillation residues. 
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T a b l e  3  

Density of fractions and results of elemental analysis  

Name product 
Density,  

g/cm
3 

Content, % mass. 
С/Н atom 

C H N S+O 

Dehydrated tar 1.039 81.45 8.57 0.69 9.29 0.79 

180–210 ºС fraction 0.954 80.60 9.11 1.07 10.29 0.74 

210–230 ºС fraction 0.965 80.64 9.41 1.06 8.89 0.71 

230–270 ºС fraction 0.970 80.89 9.23 0.93 8.95 0.73 

up to 270 ºС fraction by vapor 

till 405 ºС in a still 

 

0.993 

82.46 

83.39 

8.73 

9.78 

0.91 

1.29 

7.98 0.79 

up to 390 ºС distillation residue in a still – 83.11 7.40 0.87 8.62 0.94 

up to 405 ºС distillation residue in a still – 84.10 7.78 0.68 7.44 0.90 

 

Description of IR spectra 

Figure 1 shows the IR spectrum of the initial tar. 

 

 

Figure 1. IR spectrum of dehydrated tar 

The general view of the spectra for fractions and residues of tar distillations is similar, which indicates 

the presence of identical organic functional groups in all samples. 

The most important information is the absorption in the region of 3.040–2.800 cm
-1

. Strong absorption 

below 3.000 cm
-1

 (C-H bonds of methyl and methylene groups) indicates a significant amount of alkyl 

groups. In addition, the vibrations of -CH3 and -CH2 groups correspond to absorption bands at about 1,450 

and 1,375 cm
-1

. At the same time, the absorption of aromatic hydrogen at 3.020 cm
-1

 is weak. 

The second feature is a wide band with a maximum at 3.380–3.370 cm
-1

 which is related to phenolic 

hydroxyls. 

The bands in the region of 900–700 cm
-1

 correspond to the vibrations of the aromatic ring c-h bonds. 

The most pronounced bands are at 815 cm
-1

 (1,4-substituted aromatic ring) and a peak at about 750 cm
-1

 

(1,2-substituted aromatic ring). Strong absorption around 1,600 cm
-1

 belongs to the aromatic ring. The bands 

in the range of 1,280–1,050 cm
-1

 refer to the Ar-O group in phenols. 

The following small changes in the IR spectra for the coal tar and pitch fractions can be noted: the frac-

tions (up to 230 ºC and 230–270 ºC) are characterized by stronger absorption at 1,514 cm
-1

 (vibration of the 

benzene ring) and in the region of 900–700 cm
-1

, which indicates a higher content of compounds with one 

benzene ring. 
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Description of PMR spectra 

Figures 2, a-c show the PMR spectra of the initial tar, distillate fraction 230–270 ºC and distillation res-

idue. Quantitative data on the distribution of hydrogen types according to the PMR data in tar, distillate frac-

tions and distillation residues are given in Table 4. 

 

 

 

 

Figure 2. PMR spectra of dehydrated tar (a), 230–270 ºС distillate fraction (b)  

and up to 405 ºС distillation residue 
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T a b l e  4  

Distribution of hydrogen types in tar, distillate fractions and distillation residues 

Sample 
Proton distribution, % 

Нγ Нβ Нα Hоlef Hаr 

Tar 8.42 33.84 29.38 7.74 20.62 

180–210 ºС fraction 8.57 28.79 28.36 10.03 24.25 

210–230 ºС fraction 8.95 32.59 29.36 10.29 18.81 

230–270 ºС fraction 8.55 32.65 31.28 10.51 17.01 

up to 270 ºС by vapor and till 405 °С in a still 8.46 39.93 28.54 7.70 15.40 

up to 390 ºС distillation residue in a still 11.66 40.56 26.57 – 21.21 

up to 405 ºС distillation residue in a still 9.79 43.29 25.17 – 21.75 

 

All fractions and distillation residues are characterized by high content of hydrogen at the α- and 

β-positions to the aromatic ring. The number of alkyl groups with more than three carbon atoms in the chain 

is small, as Нγ<Нα. 

The total amount of aliphatic hydrogen is several times higher than that of aromatic hydrogen. The 180–

210 ºС fraction contains the largest amount of aromatic hydrogen. 

Olefinic hydrogen (unsaturated compounds) is present in the initial primary coke oven tar and distillate 

fractions, its relative amount decreases for the heaviest fraction, and olefinic hydrogen is not found in the 

distillation residues. 

Conclusions 

Thus the results of IR spectral studies show that all fractions of the coke oven tar and the pitch obtained 

from it contain a large amount of alkyl-substituted aromatic compounds, phenols and other substances with 

alkyl groups. Aromatic compounds generally contain substituents at the ortho- and para- positions. The IR 

spectrum of the pitch does not fundamentally differ from the IR spectra of the fractions, i.e. it also contains 

hydrogen mainly in alkyl groups and contains phenolic groups. 

According to the results of the elemental analysis the atomic ratio of C: H in the primary coke oven tar 

is 0.79. 

Primary coke oven tar has a high content of hydrogen in the α- and β-positions to the aromatic ring, 

29 % and 34 % respectively, which indicates a large number of alkyl substituents in the aromatic rings and 

near double bonds. The total amount of aliphatic hydrogen is 79 %. It is several times more than the amount 

of aromatic hydrogen, which is 21 %. The high content of alkyl substituents in aromatic rings allows using 

180–230 °C distillate fractions of the tar to increase the octane and cetane number in the production of motor 

fuel. 

Fractions with a boiling point above 270 ºC can be used to obtain boiler fuel, carbon black, coke and 

needle coke. 

The products manufactured by oil refinery or coal chemical enterprises can be diversified through 

knowledge of the hydrogen distribution and the use of the compounding method. 

Thus the results obtained in this study can be the basis for choosing the most preferable direction for 

further processing of raw materials. 
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Г.Г. Байкенова, А. Түсіпхан, А.А. Муратбекова, М.И. Байкенов 

Біріншілік таскөмір шайыры мен оның фракцияларында сутегінің таралуы 

Элементтік талдау, ИҚ- және ПМР-спектроскопия әдістерімен «Шұбаркөл Көмір» АҚ бастапқы 

таскөмір шайырында, оның дистилляттық фракцияларында және дистилляция қалдығында сутектің 

таралуы анықталды. Біріншілік көмір шайырындағы С : Н атомдық қатынасы 0.79 құрайды. 

Шайырдың барлық фракцияларында алкилорынбасылған ароматты қосылыстар, фенолдар және алкил 

топтары бар басқа қосылыстар көп. Бастапқы шайыр ароматты сақинаға α- және β-жағдайларда 

орналасқан сутектің жоғары құрамымен сипатталады, сәйкесінше 29 % және 34 %, бұл ароматты 

сақиналарда және қос байланыстардың жанында алкилді орынбасушылардың көп мөлшерін көрсетеді. 

Біріншілік таскөмір шайырындағы алифатты және ароматты сутектің жалпы мөлшері сәйкесінше 79 % 

және 21 % құрайды. Біріншілік шайырда олефинді сутегі 8 % құрайды. Жоғарыда аталған физика-

химиялық әдістердің көмегімен біріншілік таскөмір шайырындағы және оның фракцияларындағы 

сутектің элементтік құрамын, сандық таралуын анықтау жоғары құнды өнімдерді алу үшін одан әрі 

қайта өңдеу (гидрогенизация, кокстеу, термиялық крекинг) әдістерін таңдауды айқындауға мүмкіндік 

береді. 

Кілт сөздер: біріншілік таскөмір шайыры, ИҚ-спектроскопия, ПМР-спектроскопия, элементтік 

талдау, шайыр фракциялары, сутегінің таралуы. 

 

Д.Е. Айтбекова, Д.К. Макенов, Е.И. Андрейков, А.Г. Цаур, Фен Юн Ма,  

Г.Г. Байкенова, А. Түсипхан, А.А. Муратбекова, М.И. Байкенов 

Распределение водорода в первичной каменноугольной смоле и ее фракциях 

Методами элементного анализа, ИК- и ПМР-спектроскопии установлено распределение водорода в 

первичной каменноугольной смоле АО «Шубарколь Комир», ее дистиллятных фракциях и неперего-

няемом остатке дистилляции. Атомное соотношение С : Н в первичной каменноугольной смоле со-

ставляет 0,79. Все фракции смолы содержат большое количество алкилзамещенных ароматических 

соединений, фенолов и других соединений с алкильными группировками. Исходная смола характери-

зуется высоким содержанием водорода, находящегося в α- и β-положениях к ароматическому кольцу, 

29 и 34 % соответственно, что свидетельствует о большом количестве алкильных заместителей в аро-

матических кольцах и рядом с двойными связями. Общее количество алифатического и ароматиче-

ского водорода в смоле составляет 79 и 21 % соответственно. В исходной смоле олефиновый водород 

https://doi.org/10.3103/S0361521912060031
https://doi.org/10.1134/S0036024415120067
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присутствует в количестве 8 %. Установление элементного состава, количественного распределения 

водорода в первичной каменноугольной смоле и ее фракциях с помощью названных выше физико-

химических методов позволяет определиться в выборе методов дальнейшей переработки (гидрогени-

зация, коксование, термический крекинг) для получения продуктов, имеющих высокую добавленную 

стоимость. 

Ключевые слова: первичная каменноугольная смола, ИК-спектроскопия, ПМР-спектроскопия, эле-

ментный анализ, фракции смолы, распределение водорода. 
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Synthesis and properties of oligochitosan ascorbate from Bombyx mori 

Oligochitosan samples were obtained by acid hydrolysis of high molecular weight chitosan isolated from 

Bombyx mori (B.M.). Carrying out acid hydrolysis for 6 hours, it was found that after 4 hours and further with 

increasing duration, the molecular weight of chitosan decreases to a value corresponding to the ranges of mo-

lecular weights of oligochitosan 2–16 kDa. It has been seen that the optimal duration of hydrolysis, leading to 

the production of oligochitosan with a molecular weight of less than 16 kDa, should be considered 4–5 hours. 

Depolymerization of chitosan with a molecular weight of 177 kDa was carried out using sodium nitrite in so-

lution to obtain oligochitosan with a molecular weight of 6 kDa. On the basis of oligochitosan samples ob-

tained by two methods, their ascorbates were received. Under constant conditions with varying the ratio of 

the components (ChS:AA) and the pH of the solution, the reaction of chitosan ascorbate formation was car-

ried out on the basis of the suspension method. The composition, structure, and molecular weight characteris-

tics of oligochitosan ascorbate and oligochitosan Bombyx mori samples were confirmed by physicochemical 

methods. It has been seen that the obtained samples have antimicrobial properties against Fuzarium 

oxysporum. 

Keywords: Bombyx mori chitosan ascorbate, Bombyx mori oligochitosan, ascorbic acid, donor-acceptor bond, 

degree of binding, degrees of acetylation, depolymerization. 

 

Introduction 

One of the most promising and relevant areas of modern chemistry and technology is the production of 

water-soluble natural polymers, the study of the structure, properties, physical and chemical modifications, 

their application in various fields. The production of water-soluble chitosan derivatives expands the range of 

applications of this natural aminopolysaccharide in agriculture and biomedical sphere. The solubility of chi-

tosan in water depends on a number of factors including the molecular weight and deacetylation degree (DD) 

of the polymer, the degree of protonation of amino groups in the macromolecule (pH of the solution) [1, 2]. 

Chitosan macromolecules are characterized by different molecular weights (degree of polymerization), de-

gree of deacetylation, degree of protonation (pKa value), viscosity of solutions, arrangement of acetylated 

and deacetylated residues in the polymer chain and molecular weight distribution. Most of the mentioned 

characteristics affect the solubility of chitosan in water, while the manifestation of biologically active proper-

ties by chitosan largely depends on the solubility [3–4]. In [5, 6], the antibacterial activity of narrowly dis-

persed samples of oligochitosans, varying in molecular weight, at different pH values was studied. It was 

shown that under acidic conditions a stronger inhibitory effect is characteristic of samples with a higher mo-

lecular weight, while under slightly alkaline conditions, chitosan forms close to oligomeric are more active. 

It is assumed that the antibacterial activity of chitosan is determined by the protonation degree of its amino 

groups, which is variable and depends on both the molecular weight of the substance and the pH of the me-

dium. 

The analysis of numerous studies shows that the water solubility of low molecular weight chitosan 

(oligochitosan) increases with biological activity, especially antiviral and antibacterial activity, as well as 

biocompatibility with a decrease in molecular weight compared to the high molecular weight chitosan [6–8]. 

Chitosan derivatives are of great interest in the world, including chitosan ascorbate, which has bacteri-

cidal, growth-stimulating and antifungal properties. It should be noted that water-soluble forms of 

oligochitosan with organic acids have the most pronounced antimicrobial properties against the following 

bacteria: Streptococcus mutans, Lactobacilli brevis using in vitro and in vivo methods compared to similar 

forms of high molecular weight chitosans [9]. Chitosan ascorbate also has antioxidant properties against a 

number of bacteria, such as E. coli, P. aeruginosa, S. typhimurium, L. monocytogenes, and S. aureus at low 

concentrations [9–11]. In order to obtain biologically active, water-soluble derivatives of oligochitosans with 

ascorbic acid, the synthesis was carried out by the suspension method with varying the pH of the solution. 

https://doi.org/10.31489/2021Ch1/91-98
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Experimental part 

Two samples of high molecular chitosan which were achieved from pupae of the silkworm Bombyx mo-

ri with a molecular weight of 123 kDa (ChS-1) and 177 kDa (ChS-2) have been used in this experiment. The 

molecular weights of the samples were determined by viscometry, and the degree of deacetylation was 

measured by conductometric titration, where the value was 94 % and 80 %, respectively. The degree of 

deacetylation was also confirmed by PMR spectroscopy. The molecular weight of the initial chitosan was 

determined by the viscometeric method using an Ubellode viscometer based on the Mark-Kuhn-Houwink 

equation, and the kinematic viscosities of the starting chitosans and oligochitosan were measured at constant 

temperature. The average weight (Aw) and average number (An) molecular weights of oligochitosan and 

oligochitosan ascorbate, and the value of the polydispersity index (pI) were determined by gel-penetrating 

chromatography. In this case, we used 0.3 M CH3COOH / 0.225 M CH3COONH4 (pH 4.5) buffer solutions 

and hydrophilic polyvinylidene membranes for preliminary filtration of the analyzing solutions. Next, IR 

spectroscopic studies were carried out using an IR spectrometer from Bruker (Germany). The process of acid 

hydrolysis of chitosan ChS-1 in a solution of hydrochloric acid at 75 ºC for 6 hours was studied, while 

6 samples were taken (variants were encrypted depending on the duration of the reaction, for example, ChS-

1/1 was taken from the reaction mixture for 1 hour) every 60 minutes. Oligochitosan ascorbate Bombyx mori 

(ChA-1 B.M.) was obtained on the basis of the formed oligochitosan by the acid hydrolysis method. The re-

action of chitosan ascorbate formation was carried out on the basis of the suspension method under constant 

conditions with varying the ratio of the components (ChS:AA) and the pH of the solution [12]. The 

depolymerization of chitosan ChS-2 was carried out using an inorganic sodium nitrite salt in solution to ob-

tain oligochitosan ChS-2/1 with a molecular weight of 6 kDa. The reaction was carried out at room tempera-

ture during 60 minutes. A chitosan derivative — oligochitosan ascorbate Bombyx mori (ChA-2 B.M.) was 

formed on the basis of the oligochitosan. 

Results and Discussion 

The results show that with an increase in the duration of the chitosan hydrolysis reaction, a significant 

decrease in the average number and weight mass of the obtained samples is observed up to 6 kDa Mn and 

11 kDa Mw. The degree of acetylation of the samples was determined by the PMR method. For this, 

oligochitosan samples were dissolved in D2O, and chitosan samples — in D2O + DCl. The results obtained 

are presented in Table 1. The molecular weight and the degree of acetylation (DA) of the initial chitosan 

ChS-1 are 123 kDa and 20 % according to the GPC and PMR data, respectively.  

T a b l e  1  

The chromatography results of oligochitosan and oligochitosan ascorbate samples 

The samples Synthesis time, min 
Mn 

*10
3 

Mw 

*10
3
 

Mz 

*10
3
 

Mp 

*10
3
 

pI 

(Mw/Mn) 
СA±1, % 

ChS-1/1 60 15.9 28.3 41.5 28.5 1.77 16.7 

ChS-1/2 120 11.8 22.1 34.3 19.0 1.88 15.3 

ChS-1/3 180 13.0 21.7 31.7 21.8 1.67 14.0 

ChS-1/4 240 8.56 15.6 24.7 9.28 1.82 13.8 

ChS-1/5 300 8.16 14.1 22.0 9.15 1.73 9.1 

ChS-1/6 360 6.06 10.8 18.2 5.60 1.75 9.0 

ChSA-1 B.M. 60 7.68 14.8 26.3 7.63 1.93 9.0 

 

As can be seen from the data obtained, with an increase in the duration of the reactions, a strong cleav-

age of the glycosidic and acetamide bonds of chitosan macromolecules occurs, therefore, due to 

depolymerization, a noticeable recession in the molecular weight and the degree of acetylation is observed. 

Carrying out acid hydrolysis for 6 hours, it was found that after 4 hours and further the molecular weight of 

chitosan falls to the value corresponding to the molecular weights of oligochitosan 2–16 kDa [6]. The yield 

of the final product comparing with the original chitosan is approximately 40 % after 6 hours of hydrolysis. 

The optimal duration of hydrolysis under these conditions should be 4–5 hours. After the completion of the 

hydrolysis the product was isolated by sedimentation with an aqueous ammonia solution, followed by wash-

ing with distilled water. The oligochitosan ascorbate ChSA-1 B.M. was formed on the basis of obtained 

product. In order to compare the properties of the oligochitosan and its ascorbate, the oxidative 
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depolymerization of chitosan ChS-2 was carried out using a 0.2 % NaNO2 solution. The results show that the 

nitrite method causes deep depolymerization even at room temperature in a short time. The obtained 

oligochitosan ChS-2/1 was used to prepare oligochitosan ascorbate ChSA-2 B.M. The results are shown in 

Table 2. 

T a b l e  2  

The results of chromatography of oligochitosan and oligochitosan ascorbate samples 

The samples 
Synthesis time,  

min 

Mn 

*10
3 

Mw 

*10
3
 

Mz 

*10
3
 

Mp 

*10
3
 

pI (Mω/Mn) СA±1, % 

ChS-2/1 60 4.13 5.93 8.23 4.0 1.46 9.6 

ChSA-2 B.M. 60 3.73 6.20 9.93 3.48 1.66 6.1 

 

The data given in the table above inform that the average number and average weight masses of the 

oligochitosan and oligochitosan ascorbate samples practically coincide. Also, during hydrolysis with sodium 

nitrite, in comparison with the acid hydrolysis method, the molecular weight characteristics of the samples 

decrease. Despite this, the literature data show that redistribution of functional groups is observed in the 

structure of oligochitosan, and aldehyde groups are also formed [11]. 

In addition to the GPC (gel-penetrating chramotography) data, the kinematic viscosity of the samples of 

the initial chitosan and its ascorbate was determined. For measurements, 1 % aqueous solutions of the sam-

ples were prepared. Viscometers of the VPJ-2 type were used for measurements (the radius of the capillary is 

0.34 or 1.31 mm). Kinetic viscosity (V, mm
2
/s) was calculated by the formula: 

 V = (g / 9.807) × K × T, 

where: K is the constant of the viscometer, 0.0045632 or 0.30215 mm
2
/s

2
, respectively; T is the liquid flow 

time (s); g — acceleration due to gravity (m/s
2
). The obtained results are shown in the Table 3. 

T a b l e  3  

Kinematic viscosity of samples of initial chitosans and oligochitosan ascorbates 

The samples 
Capillary 

radius, mm 

Solution  

flow time, s 

Kinetic viscosity, 

mPas 

Molecular weight  

of samples, kDa 
N, % 

C%, 

AK 

ChS-1 1.31 39.0 13.0 ∆М 123 8.36 − 

ChS-2 1.31 59.0 19.6 ∆М 177 8.56 − 

ChSA-1 B.M. 0.34 265.0 1.33 Mω 14.8 6.18 26 

ChSA-2 B.M. 0.34 233.0 1.17 Mω 6.2 4.10 52 

 

The results show that the kinetic viscosity of oligochitosan ascorbate ChSA-1 B.M. in comparison with 

the initial chitosan, ChS-1 decreases almost 10 times, and the kinetic viscosity of the obtained sample by the 

nitrite method decreases 16.7 times. The results indicate that oxidative depolymerization degrades the chi-

tosan macromolecule more actively in comparison with acid hydrolysis. The ratio of oligochitosan was de-

fined: ascorbic acid in the product was determined by elemental analysis for nitrogen content. The results 

show that with the growing of ascorbic acid content, a decrease in the amount of total nitrogen and kinetic 

viscosity of the samples is observed. 

The structure of the samples was confirmed using IR and PMR spectroscopy. In order to compare the 

structural characteristics the IR spectra of the initial chitosans, oligochitosans, and their ascorbates have been 

obtained. 

The results are shown in Figure 1. In the IR spectrum of chitosan (Fig. 1 b), characteristic absorption 

bands at 1645 and 1574 cm
-1

 were found corresponding to the functional groups of acetamide (amide I) and 

amine. In the range of 1310–1420 cm
-1

 and at 2900 cm
-1

, absorption bands of methylene groups were re-

vealed. In the range 3200–3350 cm
-1

, absorption bands of the hydroxyl group were found. 
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Figure 1. IR-spectra of ascorbic acid (a), chitosan-1 (b) and oligochitosan ascorbate Bombyx mori (c) 

There are absorptions of stretching vibrations of C2 and C3 hydroxyl groups in the IR spectrum of 

ascorbic acid in the range of 3200–2900 cm
-1

. The absorption bands for the methylene group in the range of 

2915–2900 cm
-1

 also have been found (Fig. 1.). At 1750 cm
-1

, an absorption band is observed for the carbon-

yl group included in the lactone ring of ascorbic acid; at 1650 cm
-1

 — absorption band characteristic of  

C=C groups. Along with this, at 1320, 1270, 1140 cm
-1

, absorption bands of C3-, C2-, C5- hydroxyl groups 

are found. 

In the IR spectrum of the obtained oligochitosan ascorbate, a mixing of absorption bands appears, com-

pared to the absorption bands of chitosan and ascorbic acid. Slight difference was observed due to the mixing 

of absorption bands towards lower wave numbers from 1645 and 1568 cm
-1

, which means the formation of 

oligochitosan ascorbate in the presence of amino groups. In the range of 1400–900 cm
-1

 absorption bands 

appear which are characteristic of chitosan with low intensity which indicate a decrease of the hydrogen 

bonds. The change in the intensity and shift of the characteristic absorption bands in the IR spectrum of 

oligochitosan ascorbate in comparison with the IR spectra of the initial components — ascorbic acid and chi-

tosan — indicate the formation of a water-soluble derivative of chitosan — oligochitosan ascorbate. 

NMR spectroscopic studies were also carried out. NMR spectra were recorded on a VARIAN-400 spec-

trophotometer (USA). In all experiments, the D2O solvents were used with the addition of DCl. It is known 

that the NMR spectra of chitosan are characterized by resonances in the range of 4.6–4.9 ppm, which coin-

cide for the proton at C-1, which indicates glucosidic bonds. Further, chemical shifts of the C-2, C-3, C-6 

protons are observed in the range of 3.7–4.0 ppm. There are also resonances in the 3.2 ppm and — 2.1 ppm 

region, which correspond to the protons of the amino group and the acetamide group of this polysaccharide 

(Fig. 2) [12]. The obtained NMR spectra of the initial chitosan and oligochitosan are shown in Figures 3, 4. 

The degrees of acetylation (DA) of the samples were also calculated. Based on the equation of  

CA = n/(n–100) = (0.1/3) / (1/6) = 0.199 then 1.199 n = 19.9, and n = 0.167 or CA (%) = 16.7 %. The results 

show a gradual decrease in the content of acetamide groups can be seen in the spectrum of the achieved 

oligochitosans, for example in the spectrum of samples ChS-1/6 (Fig. 3). 

 

b 

c 

a 
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Figure 2. H
1
-NMR spectra of the initial chitosan ChS-1 

 

 

Figure 3. Н
1
-NMR spectra of oligochitosan ChS-1/6 

 

 

Figure 4. H
1
-NMR spectra of chitosan oligoascorbate ChSA-2 
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As can be seen from the spectrum (Fig. 3), the degree of acetylation (DA) based on the equation  

DA = n/(n–100) = (0.05/3) / (1/6) = 0.099 then 1.099 n = 9.9 and the value of the n = 0.09 or CA = 9 %. 

Thus, it can be concluded that as a result of acid hydrolysis up to 6 hours, the degree of acetylation decreases 

from 16.7 % to 9 %. 

In the NMR spectrum of oligochitosan ascorbate, a shift of signals compared to the signals of the initial 

oligochitosan from 2.8 ppm to 3.1 ppm was found, which can be explained by the interaction of the amino 

groups of oligochitosan with ascorbic acid [12, 13]. An increase in the intensity of signals in the range of 

3.5–4.1 ppm is also observed, which indicates the surge in the polydispersity of the sample and proton sig-

nals at C-6, C-5, C-4 due to the formation of oligochitosan ascorbate (Fig. 4.). 

In the spectrum of ascorbic acid, characteristic signals are observed at 3.6 ppm, which correspond to the 

C-6 carbon protons and two protons in the CH2OH group of ascorbic acid molecules. Peaks 3.8, 3.9 ppm. 

refer to the protons associated with the C-4, C-5 and C-3 atoms of the lactone ring of ascorbic acid, respec-

tively. The detected signals in the range of 4.9 ppm correspond to protons at C-4 in the furanose ring of 

ascorbic acid, which corresponds to the literature data [13]. 

0.5 % solutions of oligochitosan ascorbate were prepared in order to realize these studies. Experiments 

were carried out on the basis of the obtained solutions 4 times. Certain biologically active properties of 

oligochitosan ascorbate showed that the obtained samples have antimicrobial properties against Fuzarium 

oxysporum in comparison with the reference and control. It was revealed that oligochitosan and 

oligochitosan ascorbate have antimicrobial properties, the zone of suppression of which is 22 mm on aver-

age, and no zone of suppression was found in the control (water). 

Conclusions 

Thus, the process of acid hydrolysis of chitosan ChS-1 in a solution of 1 M hydrochloric acid at 75 ºС 

for 6 hours has been studied. It has been shown that the optimal duration of hydrolysis, leading to the pro-

duction of oligochitosan with a molecular weight of less than 16 kDa, should be considered as 4–5 hours. 

Depolymerization of chitosan ChS-2 was carried out using sodium nitrite in solution to obtain oligochitosan 

with a molecular weight of 6 kDa. On the basis of the achieved oligochitosan samples by two methods, their 

ascorbates were prepared. The composition, structure, and molecular weight characteristics of oligochitosan 

ascorbate samples were confirmed by physicochemical methods. Certain biologically active properties of 

oligochitosan ascorbate showed that the obtained samples have antimicrobial properties against Fuzarium 

oxysporum in comparison with the reference and control. 
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of Uzbekistan. There is no conflict of interest. K.K. Pirniyazov with the leadership of S.Sh. Rashidova and 

V.E. Tikhonova carried out synthesis and calculations. All authors participated in data processing and in the 

discussion of the results. 
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K.К. Пирниязов, В.Е. Тихонов, С.Ш. Рашидова 

Bombyx mori-ден алынған олигохитозан  

аскорбатының синтезі және қасиеттері 

Олигохитозан сынамалары Bombyx mori-ден оқшауланған жоғары молекулалық хитозанның 

қышқылдық гидролизі арқылы алынды. 6 сағат ішінде қышқыл гидролизін жүргізгенде, 4 сағаттан 

кейін және одан әрі ұзақтығы артқан сайын хитозанның молекулалық салмағы олигохитозанның  

2–16 кДа молекулалық салмақтарының диапазонына сәйкес мәнге дейін азаятындығы анықталды. 

Молекулалық салмағы 16 кДа-дан аз олигохитозан өндірісіне әкелетін гидролиздің оңтайлы 

ұзақтығын 4–5 сағат деп санау керек екендігі көрсетілген. Молекулалық салмағы 177 кДа хитозанды 

деполимерлеу натрий нитритін пайдаланып, молекулалық массасы 6 кДа олигохитозан алу үшін 

жүргізілді. Екі әдіспен алынған олигохитозан сынамалары негізінде олардың аскорбаттары 

синтезделді. Хитозан аскорбатының түзілу реакциясы суспензия әдісі негізінде компоненттердің 

(ХЗ:АА) және ерітіндінің рН қатынасының өзгеруімен тұрақты жағдайда жүргізілді. Олигохитозан 

аскорбат пен олигохитозан Bombyx mori сынамаларының құрамы, құрылымы және молекулалық 

сипаттамалары физикалық-химиялық әдістермен расталды. Алынған үлгілердің микробқақарсы әсері, 

яғни Fuzarium oxysporum-ға қарсы әсері бар екендігі дәлелденген. 

Кілт сөздер: хитозан аскорбат Bombyx mori, олигохитозан Bombyx mori,  аскорбин қышқылы, донор-

акцепторлық байланыс, байланыс дәрежесі, ацетилдену дәрежесі, деполимеризация. 

 

К.К. Пирниязов, В.Е. Тихонов, С.Ш. Рашидова 

Синтез и свойства аскорбат олигохитозана из Bombyx mori 

Получены образцы олигохитозана кислотным гидролизом высокомолекулярного хитозана, выделен-

ного из Bombyx mori. В ходе проведения кислотного гидролиза в течение 6 ч было обнаружено, что 

через 4 ч и далее с увеличением продолжительности молекулярная масса хитозана снижается до зна-

чения, соответствующего интервалам молекулярных масс олигохитозана 2–16 кДа. Показано, что оп-

тимальной продолжительностью гидролиза, приводящего к получению олигохитозана с молекулярной 

массой менее 16 кДа, следует считать 4–5 ч. Осуществлена деполимеризация хитозана с молекуляр-

ной массой 177 кДа с помощью нитрита натрия в растворе с получением олигохитозана с молекуляр-

ной массой 6 кДа. На основе полученных двумя методами образцов олигохитозана синтезированы их 

аскорбаты. Реакция образования аскорбат хитозана проводили на основе суспензионном методом при 

постоянных условиях с варьированием соотношений компонентов (ХЗ:АК) и рН раствора. Состав, 

структура и молекулярно-массовые характеристики образцов аскорбата олигохитозана и олигохитоза-

на Bombyx mori подтверждены физико-химическими методами. Показано, что полученные образцы 

обладают антимикробным действием против Fuzarium oxysporum. 

Ключевые слова: аскорбат хитозана Bombyx mori, олигохитозан Bombyx mori, аскорбиновая кислота, 

донорно-акцепторная связь, степень связывания, степень ацетилирования, деполимеризация. 
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Modification of magnetic Fe3O4 nanoparticles for targeted delivery of payloads 

The development of methods for targeted delivery of payload is a rapidly developing area of research. For 

this reason, iron oxide nanoparticles have potential to be used in delivery of substances by using external 

magnetic field. However it is necessary to develop methods of their modification, which will lead to the pos-

sibility of immobilization of payloads with the required concentration for therapeutic use. In this article, 

supermagnetic iron oxide nanoparticles (Fe3O4) were modified with silanes such as (3-chloropropyl)-

trimethoxysilane, (3-mercaptopropyl)trimethoxysilane, (3-aminopropyl)trimethoxysilane and (3-glycidyl-

propyl)trimethoxysilane by reaction of polycondensation. Then carborane compound (payload) was success-

fully attached on the modified nanoparticles via covalent bonding. Structure, size and element composition 

were studied by Fourier-transform infrared spectroscopy (FTIR), scanning electron microscopy (SEM) and 

Energy-dispersive X-ray spectroscopy (EDA). It was found that resulting nanoparticles contain 16.6 % of bo-

ron (according to EDA), and their average size is 32±9 nm (according to SEM). In vitro test using HeLa (cer-

vical cancer cell) and PC-3 (prostate cancer cell) shows low cytotoxicity in concentration range of  

1–200 µg/ml. 

Keywords: Fe3O4 nanoparticles, silane, surface modification, targeted delivery of payload, BNCT, carborane, 

biological test, cytotoxicity. 

 

Introduction 

The science and engineering of nanometer-sized materials is currently being used to develop numerous 

scientific, industrial, environmental, and technological fields. Biology, medicine, chemistry, pharmaceuti-

cals, agriculture, food industry and materials science are the main areas that have benefited from the techno-

logical progress achieved in the field of nanoscience. In recent years, significant growth has been observed in 

the biomedical application of nanostructured materials [1–4]. Nanostructures of different composition and 

shapes form the basis for a huge variety of pharmaceutical and medical applications, including diagnosis and 

drug delivery, and they have particular potential in cancer therapy. According to the International Agency for 

Research on Cancer [5], 18.1 million new cancer cases and 9.6 million cancer deaths were reported in 2018. 

Kazakhstan mortality index is 140.2 while average of worldwide is 102.4 and it is predicted that this index 

will grow. Despite all the preventive measures and therapeutic efforts of the last decades, the upward trend in 

incidence continues [6]. Typical chemotherapy drugs cannot be sufficiently concentrated in the area of the 

tumor and have a negative effect on the entire body. Thus, one of the problems is the development of meth-

ods of targeted therapy, which selectively affects the tumor, while maintaining healthy tissue and increasing 

the effectiveness of the drugs used. Biomimetic properties as well as an unusual surface-to-volume ratio 

make nanoparticles promising tools for the treatment of diseases [1]. 

Nanoparticles have unique physical and chemical properties due to their size, which can be comparable 

with the sizes of antibodies, receptors, nucleic acids, proteins, and other biological macromolecules. In addi-

tion, the use of nanostructures may allow the use of compounds that have poor solubility in water or low 

chemical and biological stability, metabolic barriers and etc. For these purposes, various nanostructures are 

used: liposomes, polymer and protein nanocapsules, micelles, gold and silicon nanoparticles [7]. Moreover, 

magnetic iron oxide nanoparticles have wide potential applications in biomedicine [8–12], including magnet-

ic resonance imaging, magnetic hyperthermia, cancer therapy, and targeted drug delivery; in catalysis [13–

15] and magnetic separation [16, 17]. Despite these promising results, their successful transition into clinical 

conditions depends strongly on their physicochemical properties, toxicity, and functionalization possibilities. 

Iron oxide nanoparticles are low stable, have a tendency to agglomerate in solutions, they have lack of bio-
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compatibility. Various materials, such as silanes, metals, polymers, fatty acids and amino acids, are used to 

functionalize the surface and to stabilize magnetic nanoparticles [18–20]. Among other materials, silane 

based compounds are the most promising because they have high biocompatibility, stability, low toxicity, 

low cost, and high capacity for functionalization [21–23]. Moreover, the modification of magnetic nanoparti-

cles with silanes with various functional groups will allow immobilization of drugs with different chemical 

nature. One of such drugs can be carborane derivatives for potential use in neutron capture cancer therapy 

(NCT) and chemotherapeutic drugs. 

In this article, we present the results of synthesis and modification of iron oxide nanoparticles with var-

ious silanes and immobilization of carborane compound (payload) on their surface. Moreover, the biocom-

patibility was evaluated in vitro using human cancer cell lines: HeLa (cervical cancer cell) and PC-3 (pros-

tate cancer cell). 

Experimental 

Synthesis and modification of iron oxide nanoparticles 

Fe3O4 nanoparticles were obtained by co-precipitation of a mixture of iron chloride (II) and iron chlo-

ride (III) with the addition of ammonium hydroxide according to the method described in the our previous 

published article [24]. 
Modification of the surface of iron oxide nanoparticles with silanes such as (3-chloropropyl)-

trimethoxysilane (Si-Cl), (3-mercaptopropyl)trimethoxysilane (Si-SH), (3-aminopropyl)trimethoxysilane  

(Si-NH2) and (3-glycidylpropyl)trimethoxysilane (Si-epoxy) was performed by reaction of polycondensation. 

With this aim, 0.5 g of Fe3O4 was dispersed in 100 ml of o-xylene, 3 ml of silane was added, the reaction 

mixture was purged with argon. The reaction was carried out at 90 ºC for 5 hours. After that, the obtained 

nanoparticles were separated with a magnet, washed in o-xylene, acetone, and dried. 

Immobilization of carboranes to functionalized Fe3O4 nanoparticles 

Commercial available isopropyl-o-carborane (0.016 M) was dissolved in 30 ml anhydrous benzene. The 

solution was bubbled with argon, then freshly prepared butyl lithium solution (0.016 M) was added, isopro-

pyl-o-carboranyl lithium was precipitated after 1 hour of stirring. Diethyl ether was added to the reaction 

mixture to dissolve the precipitate. After that, suspension of Fe3O4–Si-epoxy in benzene was added. The re-

action was carried out at room temperature during 6 hours. The resulting suspension was magnetically sepa-

rated, washed with benzene and diethyl ether several times, dried at 50 ºC. 

Methods of characterization 

FTIR spectra were recorded on InfraLum FT-08 FTIR Spectrometer (Lumex, Russia) with Single Re-

flection Diamond ATR accessory (GladiATR, PIKE) to study chemical group shifts before and after nano-

particles modification. Measurements were taken in the range of 400 to 4000 cm
–1

. All spectra (25 scans at 

2 cm
−1

 resolution) were recorded at 21–25 ºC. 

JEOL JSM-7500F scanning electron microscope (SEM) was used for characterization of nanoparticle 

morphology and size during functionalization. Nanoparticle distribution were evaluated by analyzing SEM 

images using ImageJ. EDX analysis was done using Hitachi TM 3030 with microanalysis system Bruker 

XFlash MIN SVE at 15 kV. Before the analysis, the samples were glued to carbon tape and sputtered with 

gold on magnetron JFC-1600. The analysis of the elemental composition was carried out evaluating the spec-

tra from various points of the sample, the average values of the element content were calculated based on the 

10 spectra. 

Cytotoxicity Assay 

In order to monitor the cytotoxic effect of functionalised magnetic nanoparticles different human cancer 

cell lines were used: HeLa (cervical cancer cell), PC-3 (prostate cancer cell). As recommended, fibroblasts 

like cells of L929 obtained from subcutaneous adipose tissue of mouse were used as normal cells (PN-EN 

ISO 10993–5:2009 norm). The cell culture for HeLa and PC-3 was described previously [25]. 

Cytotoxicity of nanoparticles was evaluated using in vitro model and day 3-(4,5-dimethylthiazol-2-yl)-

2,5-diphenyltetrazolium bromide [26, 27]. All cancer cell lines were plated into 96-well plates in volume of 

8–10·10
3
/100 μl/well. After 24 hours incubation, the samples were added in a concentration range of  

1–200 μg/ml and a volume of 100 μl/well into wells with suspensions of particular cell lines. Subsequently, 

cells were incubated for next 24 hours and 72 hours under standard conditions (37 ºC and 5 % CO2). In ex-

periments two types of cell culture medium were used: with fetal bovine serum (FBS+) and without (FBS–). 

After that time, fresh prepared MTT solution (5 mg/1 ml PBS) was added in volume of 20 μl to each well 
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and cells were incubated for the next 3 hours under the same conditions. Then, the wells contents were re-

moved and lasting crystals were dissolved by the addition of 100 μl DMSO to each well. Absorbance was 

measured using BioTek Power Wave XS spectrophotometer at the wavelength of λ=570 nm. Prior to investi-

gation the nanoparticles solution in PBS probes were sonicated in order to disintegrate particles with ultra-

sounds. Control values were absorbance measurements received for the wells with cells incubated without 

the addition of the studied compounds. For each concentration of the nanoparticles 6 absorbance measure-

ments were carried out, for which average values ± SEM were calculated. Obtained MTT results were pro-

cessed using GraphPad Prism 7 Program, into graphs, which depict inhibition of cell viability in relation to 

compound concentration. 

Results and Discussion 

At the first stage of the study, methods of coating magnetic iron oxide nanoparticles with a silane shell 

were studied. Silanes can serve as an intermediate link between inorganic nanoparticles and organic/organo-

element payloads. Trimethoxysilanes with different reactive groups such as chlorine-, amino-, epoxy- and 

mercapto- were chosen to be able to attach different payloads at next stage. To create the shell, the 

polycondensation reaction of silanes was used, which occurs both with silane molecules and with hydroxyl 

groups that are on the surface of iron oxide nanoparticles. Thus (3-chloropropyl)trimethoxysilane, (3-

mercaptopropyl)trimethoxysilane, (3-aminopropyl)trimethoxysilane and (3-glycidylpropyl)trimethoxysilane 

were chosen. The reaction was carried out in o-xylene under argon. Magnetic separation made it possible to 

well purify magnetically modified nanoparticles from non-magnetic silane nanoparticles, which were a by-

product. Figure 1 shows the results of Fe3O4 modification with (3-chloropropyl) trimethoxysilane. It was 

found out that size of nanoparticles increased from 21±4 nm (initial Fe3O4) to 29±5 nm according to SEM 

analysis. At the same time, the weight gain was 2.8 %. Elemental composition according to EDA analysis is 

as follows (Fig. 1c): Fe — 13 %, O — 43.6 %, C — 40.2 %, Cl — 0.6 %, Si — 0.5 %, Au — 1.1 %, Cu — 

1 %. It should be noted that gold and copper appeared as a result of magnetron sputtering before SEM analy-

sis to avoid surface charge. The FTIR spectrum (Fig. 1d) of the initial Fe3O4 nanoparticles is characterized 

by absorption at 3500–3000 cm
–1

 (OH), 1614 cm
–1

 associated with O–H vibrations in combination with Fe 

atoms, as well as at 544 and 399 cm
–1

 (Fe–O). The coating of nanoparticles led to the appearance of new 

peaks at 1040 and 1146 cm
-1

 (Si–O–Si) and 628 cm
-1

 (C–Cl). The absence of peak at 913 and 940 cm
-1

 allow 

us to conclude that the reaction of polycondensation completed.  

 

  

Figure 1. Scheme of modification of Fe3O4  

by (3-chloropropyl)trimethoxysilane (a),  

SEM image (b), EDA (c) and FTIR spectra (d) 

Figure 2. Scheme of modification of Fe3O4  

by (3-mercaptopropyl)trimethoxysilane (a),  

SEM image (b), EDA (c) and FTIR spectra (d) 
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Modification with (3-mercaptopropyl)-trimethoxysilane led to formation of nanoparticles with size of 

26±6 nm (Fig. 2b). The FTIR spectra (Fig. 2d) show the appearance of new peaks at 706 cm
-1

 (S–C), 1059 

and 1144 cm
-1

 (Si–O–Si). At the time the broad peak at 913 cm
-1

 were detected which is related to Si–OH 

group. This indicates the incompleteness of the reaction. EDA (Fig. 2c) registered 1.3 % of sulfur and 1.5 % 

of silicon. 

Modification with (3-aminopropyl) trimethoxysilane was carried out according to the same procedure in 

o-xylene at 90 ºC. The average size of obtained nanoparticles was 30±8 nm. Aminated nanoparticles are 

characterized by the appearance of new peaks at 1677 cm
-1

 (NH2), at 1163 and 1064 cm
-1

 (Si–O–Si), and at 

1265 cm
-1

 (C–N) (Fig. 3). It was also found out appearance the peak related to Si–OH bonds, but with a low-

er concentration than in the case of (3-mercaptopropyl)trimethoxysilane. Nitrogen in the amount of 7.6 % 

was observed in EDA. Modification of Fe3O4 by (3-glycidylpropyl)trimethoxysilane allowed to create chem-

ical active epoxy groups for further isopropyl-o-carborane attachment (payload). Epoxy ring were detected in 

FTIR spectra at around 900–920 cm
-1

. In the same region, the peak related to Si–OH can be appeared. The 

presence of the epoxy group will also be confirmed by further chemical transformations. SEM analysis 

(Fig. 4b) shows an average nanoparticles size of 39±8 nm. 

 

  

Figure 3. Scheme of modification of Fe3O4  

by (3-aminopropyl)trimethoxysilane (a),  

SEM image (b), EDA (c) and FTIR spectra (d) 

Figure 4. Scheme of modification of Fe3O4  

by (3-glycidylpropyl)trimethoxysilane (a),  

SEM image (b), EDA (c) and FTIR spectra (d) 

Commercial available isopropyl-o-carborane was immobilized to Fe3O4-Si-epoxy nanoparticles via co-

valent bonding using butyl lithium as shown in Figure 5a. New peaks in FTIR spectra (Fig. 5d) appeared at 

3353, 2924, 2572, 1496, 1433 and 860 cm
-1

 are related to OH, C–H, B–H, δas CH3 and carborane skeleton 

vibrations respectively [29], with increase in average nanoparticles size according to SEM analysis to 

32 ± 9 nm (Fig. 5b-c). 

EDA analysis was performed to study element content on Fe3O4 nanoparticles surface before and after 

modification. The data extracted from the EDA spectra are collected in Table 1. Initial Fe3O4 consist of 43.1 % 

Fe and 56.9 % O. Isopropyl-o-carborane attachment led to the appearance of boron in an amount of 16.5 %. 

T a b l e  1  

Data from EDA spectra 

Sample 
Atomic content, % 

Fe O Si B C 

Initial Fe3O4 43.1±2.1 56.9±3.6 – – – 

Fe3O4/GPTMS  20.7±2.1 52.9±2.1 6.4±1.3 – 20.0±1.5 

Fe3O4/GPTMS/Carborane  22.2±1.5 38.9±3.1 2.4±0.3 16.5±2.3 20.0±1.4 
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Figure 5. Scheme of Fe3O4 modification and carborane immobilization (a),  

SEM image of initial Fe3O4 nanoparticles (b), SEM image of Fe3O4-Si-epoxy-carborane nanoparticles (c)  

and FTIR spectra of Fe3O4 before and after modification (d) 

Results of XRD analysis of the studied nanoparticles before and after modification are presented in Fig-

ure 6. The general view of X-ray diffraction patterns evidence to the polycrystalline type of nanoparticles 

with a low degree of structural ordering and crystallinity. Table 2 shows the results of changes in structural 

parameters calculated based on the analysis of X-ray diffraction patterns, which were made according to 

[30–31]. 

 

 

1 — initial Fe3O4; 2 — Fe3O4-Si-Cl; 3 — Fe3O4-Si-SH; 4 — Fe3O4-Si-epoxy;  

5 — Fe3O4-Si-epoxy-carboranes; 6 — Fe3O4-Si-NH2 

Figure 6. XRD patterns 
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T a b l e  2  

Data of XRD analysis 

Sample Initial Fe3O4 Fe3O4-Si-Cl Fe3O4-Si-SH 
Fe3O4-Si-

NH2 

Fe3O4-Si-

epoxy 

Fe3O4-Si-

epoxy-

carboranes 

Structure type Cubic Fd-3m(227) PDF-00–065–0731 

Lattice parameter, Å a = 8.4226 a = 8.3384 a = 8.3139 a = 8.3429 a = 8.3039 a = 8.2603 

δ 0.009 0.02 0.193 0.091 0.206 0.234 

Structure Fe2.99O4 Fe2.98O4 Fe2.81O4 Fe2.91O4 Fe2.80O4 Fe2.77O4 

Crystalline size, nm 18.92±1.86 14.89±1.54 21.33±1.78 18.03±1.69 17.82±1.49 17.41±1.39 

 

It was found that with a high degree of probability (more than 85 %), the diffraction pattern of the ob-

tained nanoparticles corresponds to the cubic phase of magnetite, with the spatial system Fd-3m (227). Com-

parison analysis was carried out using the PDF-2 database. In this case, the parameters of the crystal lattice 

differ from the reference values selected from the PDF-00-065-0731 database. The differences can be caused 

both by the processes of disordering of the structure arising as a result of synthesis, as well as by subsequent 

oxidation processes associated with the processes of modification. In this case, the modification leads both to 

a change in the stoichiometric ratio and in the crystallite size. 

The cytotoxicity of Fe3O4-Si-epoxy-Carborane nanoparticles was characterized by determination of cell 

vitality. The percentages of active cells — cell viability ± SEM values after 24h and 72 hours incubation are 

shown in Figure 7. 

 

 

Figure 7. Cell viability after 24 and 72 hours incubation with FBS and without FBS  

as a function of nanoparticles concentrations for HeLa (a) and PC-3 (b) cell lines 

Visual inspection of cells along with the viability and cytotoxicity after 24 hours as well as 72 hours in-

cubation results indicated a low cytotoxicity of investigated particles for concentrations < 200µg/ml in case 

all investigated cell lines. For that reason, the value of IC50 (half maximal inhibitory concentration) has not 

been established. The dose-dependent decrease in viability is well visible for HeLa and PC-3 cells. The ex-

periments indicate that mitochondrial and overall cell viability is maintained. Unexpected increase in viabil-

ity visible especially for medium without (FBS-) may be due to increased mitochondrial activity associated 

with cell phagocytosis of nanoparticles. 

Conclusions 

Functionalization of Fe3O4 nanoparticles with epoxy, amino, mercapto, chloro group using silanes was 

carried out. The features of the reactions were studied; the optimal conditions for the process were estab-

lished. The formation of functional groups has been proven by FTIR spectroscopy, SEM, and EDA. Further, 

the obtained modified nanoparticles with chemically active groups can be used to immobilize payload. For 

this propose, carborane compound was successfully attached to the modified nanoparticles via formation of 

covalent bond for potential application in boron neutron capture therapy of cancer. It was found that resulting 

nanoparticles contain 16.6 % of boron (according to EDA), and their average size is 32±9 nm (according to 

SEM). In vitro test using HeLa (cervical cancer cell) and PC-3 (prostate cancer cell) shows low cytotoxicity 

in concentration range of 1–200 µg/ml. 
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Пайдалы жүктемені жеткізу үшін магнитті  

Fe3O4 нанобөлшектерін модификациялау 

Пайдалы жүктемені мақсатты жеткізу әдістерін жасау — бұл жедел дамып келе жатқан зерттеу 

бағыты. Осыған байланысты темір оксидінің нанобөлшектері сыртқы магнит өрісін пайдаланып зат-

тарды жеткізу үшін пайдаланылуы мүмкін. Алайда терапиялық қолдану үшін қажетті 

концентрациядағы дәрілік заттарды иммобилизациялау мүмкіндігіне әкелетін оларды модификация-

лау әдістерін әзірлеу қажет. Мақалада (3-хлоропропил)триметоксисилан, (3-меркаптопропил)три-

метоксисилан, (3-аминопропил)триметоксисилан және (3-глидицилпропил)триметоксисилан сияқты 

силандармен супермагниттік (Fe3O4) темір оксиді нанобөлшектері модификацияланды. Содан кейін 

карборанды қосылыс модификацияланған нанобөлшектерде ковалентті байланыс түзу арқылы сәтті 

иммобилизденді. Құрылымы, мөлшері және элементтік құрамы ИҚ-Фурье трансформациялық 

инфрақызыл спектроскопиясы (ИҚ), сканерлейтін электронды микроскопия (СЭМ) және 

энергодисперсиялық рентген спектроскопиясы (ЭДC) көмегімен зерттелді. Алынған нанобөлшектерде 

(ЭДС деректері бойынша) 16,6 % бор бар екендігі анықталды, ал олардың орташа мөлшері (СЭМ 

деректері бойынша) 34±9 нм. In vitro тест HeLa (жатыр мойны обыры жасушалары) және PC-3 (қуық 

асты безінің қатерлі ісігі жасушалары) үшін 1–200 мкг/мл концентрация ауқымында төмен 

цитотоксикалықты көрсетеді. 

Кілт сөздер: Fe3O4 нанобөлшектері, силан, беттік модификациялау, пайдалы жүктемені мақсатты 

жеткізу, БНҰТ, карборан, биологиялық сынақ, цитотоксикалық. 
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Модификация магнитных наночастиц Fe3O4  

для адресной доставки полезного груза 

Разработка методов адресной доставки полезного груза — быстро развивающееся направление иссле-

дований. В связи с этим наночастицы оксида железа потенциально могут быть использованы для дос-

тавки веществ с помощью внешнего магнитного поля. Однако необходимо разработать методы их мо-

дификации, которые приведут к возможности иммобилизации лекарственных веществ необходимой 

концентрации для терапевтического использования. В статье супермагнитные наночастицы оксида 

железа (Fe3O4) были модифицированы силанами, такими как (3-хлорпропил)триметоксисилан, 

(3-меркаптопропил)триметоксисилан, (3-аминопропил)триметоксисилан и (3-глицидилпропил)три-

метоксисилан. Затем карборановое соединение было успешно иммобилизовано на модифицированные 

наночастицы посредством образования ковалентной связи. Структура, размер и элементный состав 

изучены с помощью инфракрасной спектроскопии с преобразованием Фурье (ИК), сканирующей 

электронной микроскопии (СЭМ) и энергодисперсионной рентгеновской спектроскопии (ЭДА). Было 

обнаружено, что полученные наночастицы содержат 16,6 % бора (по данным ЭДА), а их средний раз-

мер составляет 34±9 нм (по данным СЭМ). Тест in vitro показывает низкую цитотоксичность в диапа-

зоне концентраций 1–200 мкг/мл для HeLa (клетки рака шейки матки) и PC-3 (клетки рака простаты). 

Ключевые слова: наночастицы Fe3O4, силан, модификация поверхности, адресная доставка полезного 

груза, БНЗТ, карборан, биологический тест, цитотоксичность. 
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