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The article is devoted to obtaining water-soluble complexes of iminoazo derivatives of gossypol, studying their physico-
chemical properties and biological activity. Aromatic, heterocyclic amines and sulfanilamide preparations were used as amine
components in obtaining iminoazo derivatives of gossypol and their water-soluble complexes. The maximum values of wave-
lengths and the corresponding optical densities were determined in the UV spectra of compounds in acetone solvent. In order to
determine the structure of the compounds, the infrared spectrum was taken and analyzed: the shift of the fundamental vibrational
frequencies up to 31 cm-1 showed that the water-poly-N-vinylpyrrolidone in the compound is connected to a lesser extent as a
result of hydrogen bonding. Obtaining complexes of azoderivatives of gossypol imines with poly-N-vinylpyrrolidone is related
to the multi-functionality of the reactive groups of the ligand compound; formed hydrogen bonds due to the oxygen of the cy-
cloamide group. For the first time, six new water-soluble complexes iminoazo derivatives of gossypol with poly-N-vinylpyrrol-
idone were obtained. The results of determination of interferon-inducing activity of compounds were analyzed. The activity was
compared with the effectiveness of azo-, iminoazo derivatives of gossypol. According to the obtained results, it was shown that
the effectiveness of water-soluble complexes iminoazo derivatives of gossypol.
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Introduction

As shown in Figure 1, gossypol is a polyphenolic substance containing two aldehyde and six hydroxyl groups.
The active groups of gossypol also contribute to its reactivity and biological activity. Gossypol – for the treatment
of leukemia [1], lymphoma [2], colon carcinoma [3, 4], breast cancer [5, 6], myoma, prostate cancer [7] and other
malignant tumors is a promising agent [8–12] and has broad-spectrum antiviral, antitumor, and antifungal activity.

The biological activity of many plant polyphenols is mainly determined by their ability to inhibit free radical
processes [13]. Polyphenols are secondary metabolites of plants, usually involved in protection against UV radiation
or pathogen aggression.

The purpose of our research is to obtain water-soluble complexes of iminoazo derivatives of gossypol, to
study their physicochemical properties and biological activity. Some aromatic, heterocyclic amines and sulfonamide
preparations were selected as attached amine components to react with the C-4 atom and aldehyde group of gossypol.

Experimental part

Azo-, iminoazo-derivatives of gossypol and their water-soluble complexes with poly-N-vinylpyrrolidone
were selected as the object of research.

Research methods. The following equipment was used to study the spectral properties of substances:
Shimadzu UV-1280 UV spectrophotometer (Japan) (1x1 cuvette), IR spectrometer.

* Corresponding author.
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A B
Fig. 1. The chemical structure (A) and the structural formula of the gossypol molecule built using the package
(program) HyperChem (B)

The interferon-inducing activity of the compounds was carried out in white mice weighing 10–12 g. The
drugs were injected intraperitoneally at a dose of 100 mg/kg and 200 mg/kg.  The  content  of  interferon  was
determined after 24 and 48 hours by titration in homologous cells according to the level of protection against the
cytopathic effect of mouse encephalomyocarditis virus.

Preparation of complexes of azo derivatives of gossypol imines with poly-N-vinylpyrrolidone. 0.005 mol of
poly-N-vinylpyrrolidone was added to a solution of 0.01 mol of the azo derivative of gossypol imines in 100 ml of
chloroform and stirred on a magnetic stirrer at a temperature of 25–30 °C for 24 hours. The reaction mixture was
then filtered, and the filtrate was evaporated in a rotary evaporator until it became dry powder. The obtained powder
residue was dried.

Discussion of results

Continuing the study of nitrogenous derivatives of gossypol, six azo derivatives of gossypol, whose
physicochemical properties, structures, and biological activities were studied [14-19] were resynthesized in the
presence of primary amines. Their general structural formula is presented in Figure 2.

In order to carry out our main research work, six iminoazo derivatives of gossypol were synthesized with the
presence of the same aryl-, heterylamines and sulfanilamide prepates to the C-4 atom of gossypol and the aldehyde
group (Fig. 3).

The development of methods for creating water-soluble polymer carriers of biologically active substances is
important at the intersection of scientific fields that study polymer chemistry, biology and medicine. In most cases,
biologically active substances are substances that are poorly soluble in water and contain hydrophobic fragments,
so the possibility of using them, for example, as therapeutic drugs, is limited. The use of polymer derivatives of
biologically active substances allows to give them completely new properties, to minimize side effects, and in some
cases to increase efficiency [20–28].

Reference information on the use of polymers as carriers of biologically active substances appeared half a
century ago. The first studies were carried out by Yatskevich in 1955, who added mescaline to poly-N-
vinylpyrrolidone via a dipeptide spacer to increase its effectiveness [29]. In the 1960s and 1970s, the followers of
Ushakov and Panarin synthesized a number of water-soluble polymer derivatives of antibiotics with various types
of polymer-biologically active compounds [30–32]. Carrier – the necessary requirements for the polymer are its
solubility in water, biocompatibility (lack of toxic effects, antigenicity, carcinogenicity, etc.), long enough
circulation  of  the  system  in  the  blood,  but  at  the  same  time,  the  polymer  is  liquid  in  the  kidney  organs  (when
administered intravenously). is the possibility of expulsion through In addition, the carrier polymer should contain
functional groups and ligands with which biologically active substances can be covalently or non-covalently bound.

Poly-N-vinylpyrrolidone was chosen to obtain complexes iminoazo derivatives of gossypol. The substance
is mixed with the polymer at room temperature on a magnetic stirrer at in non-aqueous solvent systems, and then
the solvent is dried by rotary evaporation. The UV spectroscopy method was used to characterize the obtained
complex compounds.
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Fig. 2. General structural formula azo derivatives of gossypol

Fig. 3. General structural formula iminoazo derivatives of gossypol

Table, which presents the parameters of the electronic spectra of compounds 13–18, showed that the most
characteristic of them is the absorption maximum in the region of 440–475 nm.

Physico-chemical properties of water-soluble complexes iminoazo derivatives of gossypol formed as a result
of the reaction are presented in Table.

The resulting complexes are bright colored powdery substances that are completely soluble in water.
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To confirm the structure of the complexes of azo derivatives of gossypol imines with poly-N-
vinylpyrrolidone, a comparative IR spectroscopic study of compound 15 with compound 9 was carried out.

In the IR spectrum of compound 9 (Fig. 4), the absorption band at a frequency of 3429 cm-1 originates from
stretching vibrations of the hydroxyl groups of the gossypole part of the molecule. The absorption band at a
frequency of 1727 cm-1 is absent both in the IR spectrum of gossypol and in the IR spectrum of 2-amino-1,3-thiazole.
This absorption band may be due to vibrations in the C=N bond, which probably occurs when gossypol is combined
with 2-amino-1,3-thiazole. The absorption band at a frequency of 1635 cm-1 comes from vibrations of the chain of
conjugated bonds in the gossypole part of the compound 9 molecule. The indicated absorption band is shifted
towards high frequencies compared to a similar absorption band in the IR spectrum of gossypol, which indicates a
decrease in the degree of conjugation. Therefore, the gossypole part of compound 9 is in the quinoid state. This is
also confirmed by the fact that the region of the spectrum with frequencies below 1495 cm-1 is similar to the same
region in the IR spectrum of gossypolone.

In the IR spectrum of compound 15 (Fig. 5), the absorption band at a frequency of 3443 cm-1 comes from
vibrations of water molecules, which is contained in Poly-N-vinylpyrrolidone. The specified absorption band in the
IR spectrum of Poly-N-vinylpyrrolidone is at a frequency of 3412 cm-1. The frequency shift from 3412 cm-1 to 3443
cm-1 indicates that water in compound 15 is hydrogen bonded to the polymer to a lesser extent than in Poly-N-
vinylpyrrolidone itself. Therefore, in compound 15, compound 9 forms a hydrogen bond with the polymer instead
of water. Moreover, hydrogen bonds are formed with carbonyl groups of Poly-N-vinylpyrrolidone, since in the IR
spectrum of compound 15 the corresponding absorption band is at a frequency of 1653 cm-1, and in the IR spectrum
of Poly-N-vinylpyrrolidone at a frequency of 1637 cm-1.

Thus, obtaining complexes of azo derivatives of gossypol imines with Poly-N-vinylpyrrolidone is due to the
multi-functionality of the reactive groups of the ligand compound and hydrogen bonds formed at the expense of the
oxygen of the cycloamide group. The mesomeric structure of Poly-N-vinylpyrrolidone was formed by electrostatic
donor-acceptor interaction. The methylene and methine groups of Poly-N-vinylpyrrolidone chains and rings also
formed hydrophobic interactions. Based on the above information, the water-soluble complexes of gossypol
iminoazo derivatives with Poly-N-vinylpyrrolidone were expressed according to the structural formula (Fig. 6).

Physicochemical properties of water-soluble complexes of iminoazo derivatives of gossypol

Comp.
No R

Solubility, g/ml (at 30 °C) Melting
temperature,

°С

UV spectrum,
nm, λmax (log ε),

acetone
Rf* Yield,

%H2O CH3Cl CH3-C(O)-
CH3

13 -C6H4OH-o 1 : 25 1 : 210 >1 : 10000 175–179 450 (4.21) 0.71 80.25

14 -C6H4SO2-
N(Na)COCH3

1 : 23 1 : 205 >1 : 10000 187–190 465 (4.29) 0.76 86.78

15 1 : 19 1 : 220 >1 : 10000 170–172 450 (4.01) 0.83 76.89

16 1 : 18 1 : 230 >1 : 10000 190–193 455 (3.97) 0.79 83.47

17 -C6H4COOH-o 1 : 24 1 : 240 >1 : 10000 171–174 475 (3.85) 0.85 79.63

18 CHHC

N N

N
1 : 20 1 : 215 >1 : 10000 189–191 440 (4.12) 0.80 88.56

*System: acetone-toluene (6.0 : 4.0).
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Fig. 4. IR spectrum of compound 9

Fig. 5. IR spectrum of compound 15

Fig. 6. Structural formula of water-soluble complexes of iminoazo derivatives of gossypol

Biological activity of synthesized gossypol imino derivatives and their water-soluble complexes with poly-N-
vinylpyrrolidone. The biological activity of a chemical substance can be related to a certain set of chemical reactions
that occur with substances in a number of organisms. The level of biological activity is determined by the ability of
organs to undergo certain types of chemical reactions. In general, molecules of a biologically active substance
undergo a number of physico-chemical and chemical changes in the body. These include dissolution, sorption,
distribution, binding, chemical reaction, modification, etc. In this regard, it is known from the literature that long-
term research was carried out in cooperation with the polyphenols laboratory of the Institute of Bioorganic
Chemistry  of  the  Academy of  Sciences  of  the  Republic  of  Uzbekistan  and scientists  of  the  Research  Institute  of
Epidemiology and Microbiology of the Russian Federation named after N.F. Gamaleya. For example, the Institute
of Virology of the Russian Federation named after D.I. Ivanovsky showed that not only gossypol itself, but also its
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derivatives have high interferon-inducing activity [30–33]. According to the analysis of this literature, the interferon-
inducing activity of most of the imine derivatives of gossypol synthesized on the basis of Schiff and azo-derivatives
attached  to  the  С-4  atom  of  gossypol  has  not  been  fully  studied,  as  it  was  done  in  the  determination  of
immunomodulatory activity.

In our research, it was of great interest to check whether the interferon-inducing activity is characteristic of
azo derivatives of gossypol or whether the activity depends on other factors. Considering the above, the interferon-
inducing activity of newly synthesized iminoazo derivatives of gossypol and their complexes with poly-N-
vinylpyrrolidone was studied. The study of the interferon-inducing activity of substances was carried out by
Professor A.M. Sayitkulov, doctor of biological sciences, at the Scientific Research Institute of Virology of the
Ministry of Health of the Republic of Uzbekistan.

A comparative structural-functional analysis of the results obtained in the study of interferon-inducing activity
azo derivatives of gossypol and iminoazo derivatives of gossypol was performed and presented in figures 7, 8.

Comparing the data presented in Figure 7, it was observed that the titer of interferon induced in the body also
depends on the time of contact with the substance. For example: in compounds 8 and 10, we can see a significant
increase after 200 mg/kg dose compared to other synthesized compounds after 48 hours.

Note: when water-soluble complexes of iminoazo derivatives of gossypol are used in a dose of 10–20 mg/kg,
the titers of interferon induced in experimental animals correspond to (or exceed) a dose of iminoazo derivatives of
gossypol 100–200 mg/kg (Fig. 8).

In the analysis of the results obtained in determining the interferon-inducing activity of water-soluble
complexes of iminoazo derivatives of gossypol with poly-N-vinylpyrrolidone, it was shown that the effectiveness
of iminoazo derivatives of water-insoluble gossypol doubled.

In addition, we can assume that the interferon-inducing activity of iminoazo derivatives of gossypol
synthesized with primary amines of different structures depends on the nature of the substituents introduced into the
structure of gossypol and the type of interaction reaction.

In conclusion, for our further scientific research, the fact that the iminoazo derivatives of gossypol (com-
pounds 8 and 10) synthesized on the basis of some heterylamines and sulfonamide drugs and their water-soluble
complexes with poly-N-vinylpyrrolidone (compound 15) showed high interferon-inducing activity aroused great
interest in us, and a deep pharmacotoxicological study was recommended in order to conduct studies.

Fig. 7. Interferon-inducing activity of gossypol derivatives; a) dose 100 mg/kg, after 24 h, b) dose 100 mg/kg, after
48 h, c) dose 200 mg/kg, after 24 h, d) 200 mg/kg, after 48 h
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Fig. 8. Interferon-inducing activity of
water-soluble iminoazo derivatives of
gossypol

Thus, such multifaceted scientific approaches to the study of structural and functional analyzes of gossypol
derivatives help to target the most promising compounds from the point of view of creating interferon inducers with
a wide range of antiviral activity.

Conclusions

1. For the first time, six new water-soluble complexes iminoazo derivatives of gossypol with poly-N-
vinylpyrrolidone were obtained, their physicochemical properties, structures and biological activities were studied.

2. Modern UV- and IR-spectroscopy methods were used to describe the structure of the obtained complex
compounds. Absorption maxima corresponding to intensive and characteristic electronic transitions were
determined in the UV-spectrum of the complexes.

3. As a result of the comparative IR spectroscopic analysis of the complex formed from the specified values
of the initial substances, the structural formula of the water-soluble complexes of gossypol iminoazo derivatives
was expressed.

4. The analysis of the results obtained in the study of interferon-inducing activity of water-soluble complexes
with poly-N-vinylpyrrolidone showed that the effectivenes s was doubled compared to water-insoluble iminoazo
derivatives of gossypol.

5. Compounds 8 and 10 iminoazo derivatives of gossypol, which showed high interferon-inducing activity,
and compound 15 of their new water-soluble complexes with poly-N-vinylpyrrolidone were recommended for
further pharmacotoxicological research in our future research.
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