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Abstract 

Micellar solutions and microemulsion have been used for the increase in the solubility of a 

series of arylquinolin-2-ones in water. Using spectrophotometry, the solubilization capacity of 

systems has been characterized with respect to arylquinolin-2-ones. As micelle-forming 

compounds nonionic amphiphiles are used, whose application is approved in medicinal and 

pharmacological practice, namely, Tween 80, Pluronic F127, Brij 35, and Tyloxapol. For 

comparison typical ionic surfactants are explored as well. It has been demonstrated that micellar 

solutions of Tween 80 can increase the content of test compounds in water up to 20 times, while 

microemulsions exhibit a higher effect. It has been found out that the solubilization process of 

arylquinolin-2-ones is accompanied by a remarkable change of their acid-base properties: the 

value рKа may increase by 4 orders with the transition from the solutions of cationic surfactants 

to anionic.  

Key words: micelle; microemulsion; solubilization; arylquinolin-2-ones. 
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1. Introduction 

Quinolines are important class of nitrogen-containing heterocycles with a wide range of 

medicinal properties such as antimalarial, antiasthmatic, antihypertensive, antibacterial, anti-

inflammatory, and tyrosine kinase inhibitors [1-6]. In addition to medicinal properties, 

quinolines are known to undergo hierarchical self-assembly into a variety of nanostructures and 

mesostructures with improved electronic and photonic function [7-9]. 

Quinolin-2-ones are omnipresent in naturally occurring and synthetic compounds displaying 

a broad range of pharmacological activities [10,11]. For example, this core is present in the 

antibiotics nybomycin and deoxynybomicin [12-16], isolated from streptomycete cultures. Strong 

fluorophoric properties coupled with chemical and thermal robustness of quinolin-2-ones enable 

them to be used in laser dyes [17], optical probes [18] and as donor chromophores in FRET 

systems [19]. 

3-Arylquinolin-2-ones could inhibit the migration of tumor cells with no cytotoxicity in vitro 

or in vivo [20]. The combination of 3-arylquinolin-2-ones and doxorubicin or etopoiside led to 

additive in vivo benefits compared with individual administration of the drugs [21]. 3-

Arylquinolin-2-ones were also efficient tools in the treatment of osteoporosis [22]. They are 

selective non-competitive antagonist receptors [23] and could serve as precursors of a new class 

for nonpeptidegonatotropin releasing hormone receptor antagonists [24]. 

4-Arylquinolin-2-ones constitute a valuable class of biologically active molecules [25], 

including an orally active antitumor agent [26]. Naturally occurring viridicatin, viridicatol and 3-

O-methylviridicatin, compounds containing the 3-hydroxyquinolin-2(1H)-one skeleton, which 

fungal metabolites isolated from penicillium species, have been reported to inhibit the replication 

of human immunodeficiency virus (HIV) [27]. In addition, a series of 3-hydroxy-4-arylquinolin-

2-ones have been found to act as maxi-K channel openers with antibacterial activity [28].
 

In this work a series of arylquinolin-2-ones (AQ) structurally similar to the known 

biologically active compounds have been obtained. Formulas of these compounds are given 

below. 
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Compounds AQ 2 and AQ 4 are obtained and characterized at the first time, while previously 

known compound AQ 3 is synthesized through original scheme.  
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Despite the fact that AQs are of practical importance their investigations and especially 

biotechnological application are prevented by their scarce water solubility. Therefore this study 

is devoted to the problem of enhancing of the solubility of AQs in water, which would facilitate 

their practical use. Importantly, the majority of commercial drugs are hydrophobic compounds 

and need special formulations to increase their solubility and bioavailability. For this purpose 

surfactant systems are of particular interest [29-31]. Therefore our recent research activity 

focuses on the design of novel amphiphiles answering criteria of biotechnologies and estimation 

of their aggregation and solubilization properties [32-34]. The analysis of recent literature 

revealed that different types of organized systems based on synthetic and natural amphiphilic 

compounds are used for the encapsulation of hydrophobic drugs, e.g. single surfactant or 

polymer micelles [35,36], binary surfactant/cosurfactant or surfactant/polymer systems [37,38], 

nanoemulsions [39] etc. Typically surfactants play role of building blocks capable of self-

assembling with the formation of nanosized aggregates. Due to nonpolar interior such 

nanoaggregates demonstrate the host activity toward hydrophobic molecules, e.g. water-

insoluble drugs and probes, thereby increasing their stability and concentration in aqueous 

media. In addition, surfactants are successfully used for modifying the morphological and 

binding/release behavior of formulated drugs [40,41]. Noteworthy, the effectiveness of 

solubilization is determined by a variety of factors, such as the structure of surfactant and drug 

molecules, the morphology of aggregates, the presence of additives and solution conditions, e.g. 

pH, ionic strength, etc.  

Based on this information we focus herein on several tasks, with different types of micellar 

systems (nonionic and ionic) involved, namely: (i) to improve solubility of AQs; (ii) to compare 

the efficacy of formulations, (iii) to analyze the correlation between surfactant/AQ structures and 

solubilization capacity; (iv) to optimize the fabrication of nanocontainers for AQs and similar 

types of biologically active compounds.  

 

2. Methods and materials 

2.1. Materials  

3-(4-Bromophenyl)quinolin-2(1H)-one (AQ 1) was obtained in 95% yield by H2SO4-

mediated cyclization of 3-(4-bromophenyl)-N-phenyloxirane-2-carboxamide,
 
which was, in turn, 

synthesized in 84% yield under mild conditions Darzens condensation using EtONa (1.2 mol 

equiv) in EtOH, at 0-5 
o
C to room temperature for 24 h (Scheme 1) according to the reported 

method [42]. 
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Scheme 1. Synthesis of 3-(4-bromophenyl)quinolin-2(1H)-one AQ 1. 

 

3-Hydroxy-4-(4-bromophenyl)quinolin-2(1H)-one (AQ 2), 3-hydroxy-4-(4-bromophenyl)-1-

methylquinolin-2-one (AQ 3) and 3-hydroxy-4-(4-bromophenyl)-6-methylquinolin-2(1H)-one 

(AQ 4) were obtained in moderate yields from 4-bromobenzaldehyde and 2,2-dichloro-N-

phenylacetamide, 2,2-dichloro-N-phenyl-N-methylacetamide and 2,2-dichloro-N-(4-

tolyl)acetamide, respectively, with using t-BuOK (1.2 mol equiv) in toluene at –45 
o
C to room 

temperature for 24 h, and followed by treatment of the reaction mixture by HCl (gas) completed 

by the product precipitation (Scheme 2).  

 

Scheme 2. Synthesis of 3-hydroxy-4-(4-aryl)quinolin-2(1H)-ones AQ 2-4. 

 

Physico-chemical characteristics of AQ 1 have been described previously [42]. Here we 

present data for compounds AQ 2-4.  

AQ 2: yield 57 %, white powder, mp 253 
o
C; IR (Nujol): γ 3307, 1684, 1128, 722 cm

-1
; 

1
H 

NMR (400 MHz, DMSO-d6): δ 7.08 (dd, J=8.1, 8.0, 2H, H6,7 in quinolone ring system), 7.30 

and 7.35 (d and d, J=8.0 and 8.0, 1H and 1H, H5 and H8 in quinolone ring system);7.30 and 7.68 

(d and d, J=8.4 and 8.4, 2H and 2H, C6H4-Br-p), 12.18 (NH). Anal. Calcd for C15H10BrNO2: C, 

56.99; H, 3.19; Br, 25.27; N, 4.43. Found: C, 57.02; H, 3.17; Br, 25.32; N, 4.45.  

AQ 3: yield 37 %, white powder, mp 252-255 
o
C (252-254  

o
C

18
); IR (Nujol): γ 3240, 1627, 

1272, 1118, 808, 735    cm
-1

; 
1
H NMR (400 MHz, CDCl3): δ 3.91 (c, 3H, NMe), 7.23, 7.37 and 

7.42-7.53 (dd, J=6.9, 7.1, d, J=7.3 and m (dd+d), 1H, 1H and 2H, quinolone ring system), 7.33 

and 7.69 (d and d, J=8.3 and 8.3, 2H and 2H, C6H4-Br-p); Anal. Calcd for C16H12BrNO2: C, 

58.20; H, 3.66; Br, 24.20; N, 4.24. Found: C, 58.24; H, 3.62; Br, 24. 29; N, 4.28. 

AQ 4: yield 55 %, light yellow powder, mp 249-251 
o
C; IR (Nujol): γ  3315, 1671, 1112, 

1011, 799 cm
-1

; 
1
H NMR (400 MHz, DMSO-d6): δ 2.21 (с, 3Н, Ме), 6.82 (с, 1Н, Н5 in 

quinolone ring system), 7.16 and 7.28 (d and d, J=7.4 and 7.4 Hz, 1H and 1H, H7 and H8 in 

quinolone ring system); 7.29 and 7.70 (d and d, J=8.2 and 8.2 Hz, 2H and 2H, C6H4-Br-p); 12.13 
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(br c, 1H, NH); Anal. Calcd for C16H12BrNO2: C, 58.20; H, 3.66; Br, 24.20; N, 4.24. Found: C, 

58.29; H, 3.58; Br, 24.17; N, 4.23. 

 

2.2. Instruments and Methods  

Commercial specimens of nonionic and ionic surfactants represented by Pluronic F-127 

and tyloxapol (Sigma) with 99% assay were used to prepare solutions without preliminary 

purification. As a solubilization medium, micellar solutions with the surfactant concentration 

from 0 to 0.015 М were used, which were obtained using water purified on a Direct-Q 5 UV 

system. Another type of the systems prepared were microemulsions with the volume fraction of 

water of 0.74. Microemulsions are typically composed of 9.4 g Tween 80 (or CTAB), 9.4 g 

butanol, 2.0 g decane and 79.2 g water. 

UV-Vis spectra of samples studied were recorded in 1 or 0.10 cm quartz cells using 

Specord 250 Plus (Analytik Jena) spectrophotometers equipped with a thermostated cell unit. 

The extinction coefficient () of a probe was determined from the absorbency (A), measured at 

the wavelength corresponding to the absorption maximum from the relation  = A/(l×C), where C 

is a concentration of the probe, and l is the path length. The average values of three to five 

measurements were used, with the reproducibility being of ±0.05.  

The apparent рKа values (рKа,app)
 
of arylquinolons were calculated on the basis of their 

absorbency at different pH values according to the Henderson-Hasselbalch equation:  

рKа,app = pH+log[neutral form]/[anionic form] 

The acidity was monitored by a pH-meter Hanna 213 with the electrode HI 1330.  

The solubilizing capacity of micellar systems toward arylquinolons was determined for its 

saturated solution as follows. The excess of a crystalline probe was placed in the surfactant 

solution at neutral pH, stirred vigorously for 2 h and then equilibrated for 48 h at 25 
o
C. The 

undissolved probe was filtered, and the filtrate was put to a cuvette, after which absorbency at 

the maximum in the area 320-340 nm was measured. The error of all experiments was < 4%.  

In special experiments an additional 1-2 h ultrasonication at 25
o
C (Elmasonic S 15 H; the 

operating frequency of 35 kHz) of the samples was performed. Ultrasonication was carried out in 

ultrasonic bath (volume of 1.75 L) supplied with function of the thermostat (30 to 80
o
C) and the 

built-in frequency modulation device. The frequency of ultrasonic generator is of 37 kHz.  

The size of partiсals in the supramolecular systems was determined using a Malvern ZetaSizer 

Nano (Malvern Instruments, UK). 4 MW He-Ne laser with 633 nm wavelength acted as radiation 

source. Obtained signal analysis was performed on the basis of frequency and phase analysis of 

scattered light using software supplied with the device. The measurements were performed at 

least 5 times in 10 runs, so that ≥50 scans were obtained for each sample. 
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3. Results and discussion  

3.1. Properties of arylquinolin-2-ones in aqueous solutions without surfactant. 

One of the essential criteria of bioavailability of drug preparation or biologically active 

substance is its sufficient solubility in aqueous systems. In order to evaluate the content of 

arylquinolin-2-ones in water, the procedure for its analytical control should be primarily 

developed. For these purposes we used electronic spectra of arylquinolin-2-ones recorded at 

various pH (Figs. 1-3, Fig. S1) demonstrating intense absorption in the range of 220-250 nm and 

the broad band around of 300-370 nm, which is more convenient for the application as analytical 

signal. Due to the low water solubility of the compounds, their spectra were recorded in the 

aqueous solution containing up to 20% dimethylformamide. Spectral characteristics of 

arylquinolin-2-ones (absorption maxima and molecular absorption coefficients), which were 

used in subsequent analyses of their solubility, are summarized in Table 1. 

Table 1  

Spectral characteristics of arylquinolin-2-ones in aqueous solutions. 

AQ рН 3.0 рН 7.0 рН 12.0 pKa Solubility 

in water, µM  λ,  

nm 
,  

l mol
-1

cm
-1

 

λ,  

nm 
, 

l mol
-1

 cm
-1

 

λ,  

nm 
,  

l mol
-1

 cm
-1

 

AQ 1 339 4750 339 4800 340 4400 - 3.5 

AQ 2 320 4300 320 4400 346 6100 8.6 6.8 

AQ 3 324  1580 325 1550 348 2650 9.7 5.2 

AQ 4 327 1900 327 1950 348 2800 8.7 3.8 

The spectral behavior of arylquinolin-2-ones is caused by their molecular structure and the 

ability to participate in acid—base interactions. In the arylquinolin-2-ones studied (except for 

AQ 3), N-Н group is present, which exhibits weak acidic properties. In addition, the molecules 

of AQ 2, AQ 3 and AQ 4 contain ionizable hydroxy-group. In the case of AQ 1, the spectrum 

remains unchanged in the broad range up to рН 12 (Fig. 1) and only a slight bathochromic shift 

occurs in more alkaline media. Probably this compound is present in its neutral form in the above 

range, while the elimination of hydrogen from amino-group is possible only under rigid 

conditions (strongly alkaline media). Analogous spectral response to the change of рН is 

observed for compounds AQ 2, AQ 3 and AQ 4. Spectra remain unchanged in acidic and neutral 

medium, while in weakly basic solutions the absorption band shifts to the longer wavelength 

range due to the dissociation of hydroxyl-group (Figs. 2,3, Fig. S1). It should be noted that the 

introduction of methyl substituent into the aromatic ring of arylquinolin-2-ones (AQ 4) leads to 
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the slight bathochromic shift of the absorption bands (by 7 nm with respect to AQ 2) both in 

neutral and alkaline media, with insignificant drop of intensity observed (Fig. 3). Spectra of AQ 

3 (Fig. S1) containing methyl fragment at nitrogen atom differ little from spectra of AQ 2. 

 

Fig. 1. UV-vis spectra of АQ 1 (0.2 mМ) in the water-DMF mixture (20 vol %) at different рН 

varied as 5.50; 6.80; 8.35; 9.30; 10.45; 12.0; 12.4; 12.8; l =1 cm 

  

Fig. 2. UV-vis spectra of АQ 2 (0.1 mМ) in the water-DMF mixture (20 vol %) at various рН,  

l =1 cm 
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Fig. 3. UV-vis spectra of АQ 4 (0.2 mМ) in the water-DMF mixture (20 vol %) at different рН 

varied as 6.1; 7.3; 7.7; 7.9; 8.2; 8.5; 8.8; 9.0; 9.2; 9.3; 9.5; 9.6; 10.3; 11.0; 12.5; l =1 cm 

 

Based on the spectral data of AQ 2, AQ 3 and AQ 4 at various рН we evaluated рKа of 

hydroxyl-group using the Henderson-Hasselbalch equation (Table 1). It should be noted that in 

the case of АQ 3, which does not contain hydrogen at nitrogen atom, рKа is higher than that for 

arylquinolin-2-ones АQ 2 and АQ 4. This may presumably be related to the fact that 

intramolecular hydrogen bond may be formed in the case of two latter compounds, which 

stabilizes anionic form and leads to the decrease in рKа.  Based on the рKа values obtained, we 

can state that these compounds are in the neutral form under conditions of the solubility 

measurement carried out at рН 6-7. 

A general approach to the evaluation of the limiting solubility of compounds in water 

involves the preparation of saturated solutions and subsequent quantitative determination of their 

concentration. In the case of arylquinolin-2-ones, this concentration was determined 

spectrophotometrically from the analysis of the absorbency of solutions in the absorption 

maxima (see Experimental). The values obtained indicate an extremely low solubility of these 

compounds (Table 1), which can prevent their further application and investigation. Notably, in 

aqueous solutions at рН>9, the solubility of arylquinolin-2-ones grows by 2-5 times due to their 

transition to the anionic form. However, strongly basic solutions do not meet the requirements of 

biocompatibility and an increase in pH may not be a satisfactory approach to solve the problem 

of the solubility of these compounds.  
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3.2. Solubilization of arylquinolin-2-ones in micellar solutions 

In this study, we focus on the supramolecular strategy for the improvement of water 

solubility of arylquinolines, which based on the use of self-assembling surface-active substances. 

The ability of such systems to solubilize low-polar organic compounds is one of the key features, 

which determines the application of surfactants for the solution of a variety of fundamental and 

applied problems in technology, medicine, food and agriculture [43-46]. The solubilization 

process represents the distribution of low-soluble substances between the disperse phase and 

dispersion medium, which leads to the growth of the solubility of compounds due to their 

localization in hydrophobic domains of supramolecular systems, in particular, in nonpolar core 

of micelles or microemulsions [29,30,47]. In this case, supramolecular systems act as 

nanocontainers, which can immobilize the target organic compound and provide its controlled 

release from the aggregate. Based on this phenomenon, a large number of delivery systems for 

drug and biologically active substances were formed, which provide high therapeutic effect upon 

the interaction of the loaded nanocontainer with biotargets [31,45,48]. Effectiveness of 

solubilization is determined by a series of factors, such as the nature and hydrophilic—lipophilic 

properties of surfactant, morphology of the formed aggregates, the presence of various additives 

and pH of the medium, as well as the structure of solubilizate [31,49]. 

In this work, we tested known amphiphiles as solubilizing agents, namely Tween 80, Brij-

35, Pluronic F127, and Tyloxapol, because these compounds are low-toxic and were approved in 

medical and pharmacological practice [50-54]. The chosen compounds differ in their 

hydrophilic—lipophilic balance (HLB) and possess low values of critical micelle concentration 

(cmc), which provides their solubilizing action at micromolar content in aqueous solutions. The 

employment of cationic surfactants as solubilizers is related to the fact that these compounds 

display high affinity to the lipid cell components in spite of their marked toxicity (II or III 

toxicity level). In addition, they are used as carriers upon transdermal delivery of the drug and 

widely used in ophthalmology [55,56]. 

The formulas of the used amphiphilic compounds are given below.  
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Tween 80 (x+ y+ z=20)  

 

 

Thyloxapol (n=5, m=7) 

 

Pluronic F127 (a = 100, b = 65) 

 

Cetyltrimethylammonium bromide (CTAB) 

 

CН3(СН2)10СН2(ОСН2СН2)nOH  

 

Brij 35 (n=23) 

 

Sodium dodecylsulfate (SDS) 

To evaluate the ability of micellar systems to increase the solubility of hydrophobic 

substances, limiting content of the test substance at various surfactant concentrations was 

measured. In the case of arylquinolin-2-ones, their concentration was determined 

spectrophotometrically from the absorbency of the samples at the absorption maximum. This 

approach allows us to obtain quantitative characteristics and to compare the solubilization 

capacity (S) of various micellar systems. The value of S is contributed by the number of 

molecules of solubilized compound, which are related to the molar concentration of aggregated 

surfactant and calculated from the equation S = b/ε, where b is the slope of the dependence of 

absorbency of the solution at the maximum of the absorption of solubilizate on the concentration 

of surfactant; and ε is the molecular absorption coefficient, which is determined for each 

arylquinolin-2-one in surfactant solutions. In Fig. 4, the spectra of saturated solutions of АQ 2 

recorded at рН 6.5 at various concentration of Tween 80 are exemplified, while in Fig. 5 the 

change of the absorbency (A) of saturated solution of this arylquinolin-2-ones at various 

surfactant concentration is given. At the surfactant concentration below cmc, the solubility of 

these heterocyclic compounds in aqueous solutions is very low and almost does not change, 

while a significant increase in their solubility is observed above this threshold. This behavior is a 

substantial argument towards the principal role of the solubilization of arylquinolin-2-ones by 

surfactant micelles. Analyzing the values of solubilization capacity (Table 2), it can be seen that 

the highest effect of nonionic surfactants is observed for arylquinolin-2-one АQ 2 and the 

solubilizing action grows in the following order: Pluronic F127Brij 35 Tyloxapol Tween 80. 
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Fig. 4. UV-vis spectra of АQ 2 saturated solutions in the presence of different Tween 80 

concentrations (path length is 1 cm, рН 6.5, 25 
о
С). 

 
Fig. 5. Absorbency of micellar solutions saturated with АQ 2 as function of surfactant 

concentration (λ = 320 nm, pH 6.5, 25 
о
С).  

Table 2  

Solubilization capacity of micellar systems with respect to arylquinolin-2-ones. 

Surfactant HLB
а 

AQ 1  AQ 2 

  b S b S 

Tyloxapol 13 66 0.0137 168 0.036 

Tween 80
b
 15 71 0.0148 254 0.055 

Brij 35 16.9 61 0.0127 159 0.034 

Pluronic 127 22 24 0.0050 23.1 0.005 

CTAB 16.4 112 0.0233 399 0.095 

а 
According to the manufacturer data 

b
For AQ 3 and AQ 4 in Tween 80 solutions, S is 0.041 and 0.031, respectively 
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Solubilizing effect of CTAB toward arylquinolin-2-ones in neutral media is markedly 

higher compared to nonionic surfactants, which indicates the involvement of electrostatic 

interactions between micelle and solubilizate. It should be noted that, in the case of the 

substances involved in acid—base equilibria a selective binding of their neutral or ionic forms 

with micellar surface can occur. The effect is determined by the micelle charge and is reflected 

by the change of рК of solubilizates. We demonstrated the effect of surfactant on the example of 

AQ 2, for which рKa values was spectrophotometrically determined in surfactant solutions of 

various natures. The effect of nonionic Tween 80, cationic CTAB, and anionic sodium dodecyl 

sulfate (SDS) was estimated. The experiment was carried out at the concentration, which exceeds 

cmc by three times. It was determined that the рKa value of arylquinolin-2-one AQ 2 in Tween 

80 solutions is 8.5, which almost coincides with the value in water. In the case of ionic 

surfactants, the remarkable effect is observed: рKa of AQ 2 is 6.2 and 10.4, respectively, in 

CTAB and SDS solutions. Thus, the transition from cationic surfactants to anionic allows one to 

change the acid—base equilibrium constant of AQ 2 by four orders. This is important from the 

viewpoint of of the affinity between arylquinolin-2-ones and micelles, which make it possible to 

increase the loading of nanocontainers and to control the interaction of solubilizates with 

biological species. 

One of the approaches used to improve the solubility of compounds, is the ultrasonic 

treatment of the system. As was exemplified by AQ 2, sonication for 1 h leads to the increase in 

its solubility both in water and micellar solutions by 1.2-1.4 times; additional 1-h treatment 

provides the increase of its content in the solution by less than 5 % (Fig. 6).  

 

Fig. 6. Maximum concentration of AQ 2 in micellar solutions of surfactants (Сsurf 3 mМ) and 

microemulsion (МЕ) as function of ultrasound treatment. The composition of microemulsion is 

Tween 80 – 9.43 g, butanol 9.42 g, decane 1.96 g and water 79.2 g. 

 

3.3. Solubilization of arylquinolin-2-ones in microemulsions  
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Another type of supramolecular systems based on nonionic surfactants, which was used to 

improve the solubility of arylquinolin-2-ones, were microemulsions. Microemulsions are 

macroscopically homogeneous, thermodynamically stable, self-organizing dispersions with 

aqueous and hydrocarbon (oil) phases, at the interface of which the molecules of micelle-

forming surfactants and cosurfactants (usually low-molecular-weight alcohols) are present 

[57,58]. Microemulsions differ from their predecessors represented by micellar solutions by 

slightly larger aggregates, higher concentration of surfactants, and a large volume of the disperse 

phase. Highly developed interface and large hydrophobic core assigns these systems unique 

solubilizing features [59,60]. The employment of cationic CTAB gives higher S values, which 

indicates the involvement of electrostatic interactions between the micelle and micellar surface. 

In this work, we obtained direct four-component microemulsions based on Tween 80 and n-butyl 

alcohol using decane as oil. Dynamic light scattering showed that in these optically transparent 

macroheterogeneous systems particles with the hydrodynamic diameter of ~ 3 nm for CTAB-

based microemulsions and 5 nm for those based on Tween 80 (polydispersity index is 0.20-0.35) 

are observed. The prepared microemulsions were stable; reproducible results were obtained 

while testing their properties within one month. It was shown that the limiting solubility of 

arylquinolin-2-ones in the Tween 80-based microemulsion amounts to 0.58 mМ in the case of 

AQ 2 and 0.42 mМ in the case of AQ 4, that is higher almost by two orders as compared to 

water. In the case of microemulsions based on CTAB, even larger growth of the solubility of 

arylquinolones is observed: maximum available concentration is 0.75 mM. The use of 

microemulsions as solubilizers for arylquinolin-2-ones with the aim of their application in 

biosystems requires their further modification and optimization of composition and the decrease 

in toxicity conjugated with the presence of butanol and decane in the composition. However, 

upon their in vitro application these limitations are not so important, which reveals wide 

perspectives for microemulsions as solubilizers of arylquinolin-2-ones and other heterocyclic 

compounds weakly soluble in water.  

 

Conclusions  

Thus, supramolecular systems based on surfactants (micellar solutions and microemulsion) 

have been successfully used for the increase in the solubility of a series of arylquinolin-2-ones in 

water. Using spectrophotometry, the solubilization capacity of systems based on nonionic 

micelle-forming compounds has been characterized, whose application is allowed in medicinal 

and pharmacological practice, namely, Tween 80, Pluronic F127, Brij 35, Tyloxapol, as well as 

the systems based on ionic surfactants with respect to arylquinolin-2-ones. It has been 

demonstrated that micellar solutions of Tween 80 can increase the content of test compounds in 
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water up to 20 times. Microemulsions also exhibit a higher effect; however, the existence of a 

significant amount of butanol as a cosurfactant, restricts their application in pharmacological 

practice. It has been determined that the solubilization process of arylquinolin-2-ones is 

accompanied by a remarkable change of their acid—base properties: the value рKа may increase 

by 4 orders with the transition from the solutions of cationic surfactants to anionic. This is 

principal from the viewpoint of the affinity between arylquinolin-2-ones and micelles, which 

make it possible to increase the loading of nanocontainer and to control the interaction of 

immobilized solubilizates with biological species. 
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Fig. 1. UV-vis spectra of АQ 1 (0.2 mМ) in the water-DMF mixture (20 vol %) at different рН 

varied as 5.50; 6.80; 8.35; 9.30; 10.45; 12.0; 12.4; 12.8; l =1 cm 
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Fig. 2. UV-vis spectra of АQ 2 (0.1 mМ) in the water-DMF mixture (20 vol %)  at various рН, l 

=1 cm 
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Fig. 3. UV-vis spectra of АQ 4 (0.2 mМ) in the water-DMF mixture (20 vol %) at different рН 

varied as 6.1; 7.3; 7.7; 7.9; 8.2; 8.5; 8.8; 9.0; 9.2; 9.3; 9.5; 9.6; 10.3; 11.0; 12.5; l =1 cm 
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Fig. 4. UV-vis spectra of АQ 2 saturated solutions in the presence of different Tween 80 

concentrations (path length is 1 cm, рН 6.5, 25 
о
С). 
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Fig. 5. Absorbency of micellar solutions saturated with АQ2 as function of surfactant 

concentration (λ = 320 nm, pH 6.5, 25 
о
С)  
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Fig. 6. Maximum concentration of AQ 2 in micellar solutions of surfactants (Сsurfactant 3 mМ) and 

microemulsion (МЕ) as function of ultrasound treatment. The composition of microemulsion is 

Tween 80 – 9.43 g, butanol 9.42 g, decane 1.96 g, and water 79.2 g. 
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Sсheme 1. Synthesis of  3-(4-bromophenyl)quinolin-2(1H)-one AQ 1. 
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Sсheme 2. Synthesis of 3-hydroxy-4-(4-aryl)quinolin-2(1H)-ones AQ 2-4. 
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Fig. S1. UV-vis spectra of АQ 3 (0.05 mM) in water + 50% DNFA at different pH, (path length 

is 1 cm, 25 
о
С).  
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Fig. S2. UV-vis spectra of АQ 1 saturated solutions in the presence of different surfactant 

concentrations (path length is 1 cm, рН 6.5, 25 
о
С). a -Tween 80, b – Brij 35, c - Tyloxapol, d –

CTAB.  

 
Fig. S3. Absorbency of micellar solutions saturated with АQ 1 as function of surfactant 

concentration (λ = 340 nm, pH 6.5, 25 
о
С). 
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Fig. S4. UV-vis spectra of АQ2 (0.05 mM) in micellar solution at different pH, 

 а – CTAB (5мМ), b – SDS (50 mM), с  – Tween 80 (5mM). 

 

 

 

 
 

Fig. S5. Hydrodynamic diameter of particles in thе microemulsions based on CTAB (up) or 

Tween 80 (down)  
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Highlights 

A series of new 3-hydroxy-4-arylquinolin-2-ones (AQ) have been obtained. 

Nonionic surfactants induce significant increase of AQ solubility in water. 

Tween 80 can increase the content of AQ in water up to 20 times.  

рKа of AQ varies by 4 units in magnitude upon transition from cationic to anionic surfactants  
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