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a b s t r a c t 

Multicomponent synthesis are convergent reactions in which three or more starting materials react in a 

single step to form the product. In the discovery and development of new drugs, multicomponent reac- 

tions offer several advantages over traditional synthesis: shorter experiment time, less need for laboratory 

techniques and scalability. Thus, the objective of this work was to perform the multicomponent synthesis 

of a hexahydroquinoline compound whose pharmacological activity has been described previously. The 

synthesis product was characterized by spectroscopic techniques such as Fourier transform infrared spec- 

trometry and 1 H, 13 C and HMQC nuclear magnetic resonance (NMR). The mechanism of the reaction was 

proposed to include a conjugated Michael addition. Subsequently, inclusion complexes (ICs) at 1:1 and 

1:2 stoichiometries were prepared with the appropriate cyclodextrin to increase the aqueous solubility 

and bioavailability of this molecule. Kneading and lyophilization (LYO) methods were used to prepare 

the inclusion complexes, which were evaluated by phase solubility and 1 H NMR spectroscopy, with LYO 

at a 1:2 stoichiometry having the best results. The ICs were then characterized by differential scanning 

calorimetry, near-infrared spectroscopy and in vitro dissolution tests, which verified a slower release of 

the compound with the potential to improve its biological properties. 

© 2021 Elsevier B.V. All rights reserved. 
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. Introduction 

Some of the goals of green chemistry in the synthesis of ac- 

ive compounds are to minimize steps, save time and use nontoxic 

eagents. To achieve these goals, multicomponent synthesis (MS) 

llows us to obtain compounds from three or more reagents in 

 single step. Thus, the process can be executed in less time and 

ith less need for purification [1] . The main goal of this synthesis 

s to reach the highest possible yield of the final product, avoid- 

ng the formation of byproducts. For this, the conditions that influ- 

nce these reactions can be optimized, such as the solvent, cat- 

lyst, concentration, temperature, type of reagent and functional 

roups [2] . In a more effective way than traditional organic syn- 

hesis with several stages, MS can form larger structures in a sin- 

le step. The process allows automation and involves only one step 

f purification, as it is not necessary to isolate intermediates, thus 

implifying the synthesis execution and decreasing the generation 

f chemical residues [3] . 
∗ Corresponding author. 
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Some MS procedures stand out due to the potential application 

f the synthesized compounds in the pharmaceutical field. The lit- 

rature describes, for example, the Biginelli reaction for the for- 

ation of dihydropyrimidones [4] , the Bucherer-Bergs reaction for 

he formation of hydantoins [5] , the Hantzsch reaction for the for- 

ation of dihydropyridines [6] and the Strecker reaction for the 

ormation of amino acids [7] . 

Hexahydroquinolines (HQs) are interesting carbonic skeletons 

rom a pharmacological point of view. Compounds in this class 

ave attracted attention in recent years because of their signifi- 

ant biological activities and have been described as excellent car- 

iovascular agents. Several derivatives of this class are effective 

nd promising in the treatment of arterial hypertension [8] . Struc- 

urally, these compounds are analogous to NADH coenzymes and 

ave been explored as calcium channel antagonists. In addition, 

eterocyclic rings are found in a wide variety of bioactive com- 

ounds such as bronchodilators, antiatherosclerotic compounds, 

ntitumor compounds, vasodilators, antidiabetic compounds, an- 

imicrobial compounds and hepatoprotective compounds [ 9–12 ]. 

everal drugs from this class have already been commercialized, 

uch as nifedipine, felodipine, amlodipine and nitrendipine [13] . 

or these reasons, hexahydroquinolines not only draw the atten- 

https://doi.org/10.1016/j.molstruc.2021.130391
http://www.ScienceDirect.com
http://www.elsevier.com/locate/molstr
http://crossmark.crossref.org/dialog/?doi=10.1016/j.molstruc.2021.130391&domain=pdf
mailto:luca@ufla.br
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1.44 mL benzaldehyde
1.01 g 1,3-cyclohexanedione
1.15 mL ethyl acetoacetate

0.69 g ammonium acetate 30 minutes

1. Cold water
2. Absolute ethanol 
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Scheme 1. Description of the steps carried out in the multicomponent synthesis of HQ. 
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ion of chemists to synthesize them but also represent an interest- 

ng research challenge. 

Although there are other methods for obtaining HQs, most of 

hem involve the use of solvents, catalysts, heating and long reac- 

ion times. Thus, in this work we opted for the methodology that 

s more in line with the context of green chemistry [ 14 , 15 ]. 

When analyzing the chemical structure of HQ ( Fig. 1 -insert), it 

s possible to notice that one problem that may interfere with the 

echanism of action of this compound is its low solubility in wa- 

er [16] . In addition, these molecules can suffer photodegradation, 

hich can cause loss of therapeutic effect [17] . One way to improve 

he activity of these substances, in the case of in vivo tests, is to in-

rease the solubility in water and consequently the bioavailability. 

o achieve this goal, the preparation of inclusion complexes with 

yclodextrins (CDs) could lead to this increase in solubility, pro- 

ote a slower release of the compound after administration and 

revent possible toxicity. Thus, the objective of this work was to 

btain and characterize an HQ compound (ethyl 2-methyl-5-oxo-4- 

henyl-1,4,5,6,7,8-hexahydroquinoline-3-carboxylate) using MS. Af- 

erward, an inclusion complex with cyclodextrin was prepared and 

haracterized to test the molecule as a potential medicine. 

. Material and methods 

.1. Multicomponent synthesis and characterization of HQ 

The MS is described in the following Scheme 1 . To a mortar was

dded 1.44 mL of benzaldehyde, 1.01 g of 1,3-cyclohexanedione, 

.15 mL of ethyl acetoacetate and 0.69 g of ammonium acetate. 

he components were macerated for 30 min with a pestle until 

he mass had the consistency of glue. Then, a small amount of 

old water was added to obtain the product, which was trans- 

erred to an Erlenmeyer flask. Absolute ethanol was added, and 

he flask was heated until the solution became translucent [6] . Af- 

er crystallization, HQ was filtered for further characterization by 
2 
ourier transform infrared spectroscopy using a Bruker Alpha II 

ourier transform infrared spectrometer and by 1 H, 13 C and HMQC 

uclear magnetic resonance, recorded at 20 °C on a Bruker Ultra- 

hield 300 MHz spectrometer using DMSO d6 or CDCl 3 as the sol- 

ent. Chemical shifts ( δ) were reported in parts per million (ppm) 

elative to the residual solvent peak. 

.2. Selection of the cyclodextrin using inclusion kinetics 

An experiment was performed to determine the equilibrium 

ate for the inclusion process and to define which cyclodextrin 

s the best to prepare the inclusion complex. Two types of cy- 

lodextrins ( β- and γ -CD) were used to determine which of them 

etter accommodates the HQ molecule into the cavity. Appropri- 

te amounts of HQ and β- or γ -CD at 1:1 and 1:2 molar ratios 

ere placed in ultrapure water and stirred at 25 °C. A control with 

lain HQ was also performed using the same conditions. At spe- 

ific times, aliquots were measured by UV–Vis spectrophotometry 

t 245 nm until a plateau was reached. Absorbances were normal- 

zed in relation to the initial absorbance, and the curves obtained 

ere analyzed using a linear regression of the data: absorbance 

s time, ln absorbance vs time and 1/absorbance vs time (zero-, 

rst- and second-order models respectively) to determine the ki- 

etic constant of the process [18–20] . 

.3. Evaluation of the inclusion process 

.3.1. Phase solubility isotherm 

Increasing amounts of β-CD (0–15 mM) and an excess amount 

f HQ (5 mM) were placed in appropriate flasks with ultrapure 

ater. The samples were shaken for 24 h at 25 °C and then cen- 

rifuged at 14,0 0 0 rpm for 20 min. The supernatant was filtered 

nd measured by UV–Vis spectrophotometry at 245 nm. The as- 

ociation constant (K a ) was determined using Eq. (1) proposed by 

iguchi and Connors [21] , where S is the intrinsic solubility of 
0 
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a = 

slope 

S 0 ( 1 − slope ) 
(1) 

The thermodynamic parameter of the standard Gibbs free en- 

rgy ( �G °) was also determined using Eq. (2) , where S 0 and S s are

he HQ solubility in the absence and presence of β-CD, respectively 

 20 , 22 , 23 ]. 

G 

0 = −2 . 303 RT log 

(
S s 

S 0 

)
(2) 

.3.2. Proton nuclear magnetic resonance 

DMSO d6 solutions of HQ, β-CD and the HQ/ β-CD inclusion 

omplex were prepared for 1 H NMR experiments recorded at 20 °C 

n a Bruker Ultra-Shield 300 MHz spectrometer. Chemical shifts ( δ) 

ere reported in parts per million (ppm) relative to the residual 

olvent peak to observe changes after complexation. 

.4. Inclusion complex preparation 

.4.1. Kneading method 

Appropriate amounts of HQ and β-CD were weighed to give 1:1 

nd 1:2 molar ratios. The compounds were kneaded in a mortar 

ith a small amount of absolute ethanol for 30 min. The obtained 

aste was kept in a desiccator until completely dry. 

.4.2. Lyophilization method 

HQ and β-CD were weighed to give 1:1 and 1:2 molar ratios 

nd then solubilized in absolute ethanol and ultrapure water, re- 

pectively. The two solutions were then mixed in a round bottom 

ask and coevaporated to remove all the solvent. After drying, the 

roduct was resuspended in 20 mL of ultrapure water, lyophilized, 

nd stored for further use. 

.5. Characterization of the inclusion complexes 

.5.1. Differential scanning calorimetry 

Calorimetric assays were performed on a DSC Q200 (TA Instru- 

ents). Samples (3 to 5 mg) of HQ, β-CD, and HQ/ β-CD inclu- 

ion complexes obtained by kneading and lyophilization, as well as 
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Fig. 1. Fourier transform infrared spectroscopy o

3 
hysical mixtures at 1:1 and 1:2 molar ratios, were weighed and 

laced in aluminum pans with a hole. Scans were performed from 

0 to 300 °C with a heating rate of 10 °C/min. The atmosphere was 

 2 at a flow rate of 50 mL/min. 

.5.2. Near-infrared spectroscopy 

The procedure was performed in a NIR-ATR ABB - Model TLA 

0 0 0, with the same samples tested in the DSC assays. The fol- 

owing parameters were used in the experiments: a resolution of 

 cm 

−1 , 75 scans min 

−1 , a range from 40 0 0 to 10,0 0 0 cm 

−1 , using

RAMS AI 7.0.0 software. 

.5.3. In vitro dissolution assay 

Plain HQ and HQ/ β-CD inclusion complexes obtained by knead- 

ng and lyophilization at 1:1 and 1:2 molar ratios were mixed in 

ppropriate flasks with ultrapure water in triplicate. Samples were 

haken for 120 min at 37 °C, and every 5 min an aliquot was with-

rawn, filtered, and measured at 245 nm in a UV–Vis spectropho- 

ometer. The volume of the samples was replaced with ultrapure 

ater after each estimation [ 20 , 24 ]. 

. Results and discussion 

.1. Characterization of HQ and proposed mechanism of reaction 

A pale-yellow powder of HQ was obtained with an 86% yield. 

urther spectroscopic characterization was performed to confirm 

he product. 

The FTIR spectra of HQ is shown in Fig. 1 . The band at 3281

m 

−1 is related to bending from the secondary N 

–H amine. Aro- 

atic C 

–H stretching is observed in the range of 2959–3070 cm 

−1 , 

nd the C = O ketone appears at 1687 cm 

−1 . The signal at 1601

m 

−1 indicates the presence of a monosubstituted benzene, and 

he signal at 1471 cm 

−1 indicates the C 

–C stretching vibrations of 

he aromatic ring. Peaks in the region of 1225–1056 cm 

−1 are as- 

ociated with C 

–CO 

–O ester vibrations. 

Analysis of the 1 H NMR spectra obtained using DMSO d6 as a 

olvent ( Fig. 2 -a) showed a singlet at δ= 9.11 ppm relative to the
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f HQ obtained in a Bruker, model Alpha II. 
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Fig. 2. 1 H NMR spectra of HQ in a) DMSOd 6 and b) CDCl 3 solvent, recorded on a Bruker 300 MHz spectrometer, at 20 °C. 

Fig. 3. 75 MHz 13 C NMR spectra of HQ in CDCl 3 solvent, recorded on a Bruker spectrometer, at 20 °C. 
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mino proton (Hh). A multiplet in the aromatic region that inte- 

rates into five hydrogen atoms indicates an aromatic monosub- 

tituted ring ( δ≈7,14, Hd, He, Hf). Another singlet at δ= 4.90 ppm, 

hich integrates into one proton, is compatible with the chemical 

hift of the hydrogen in the pyridinic system (Hc). In the aliphatic 

ortion of the molecule, a quartet at δ= 3.98 ppm (Hb) and a triplet 

t δ= 1.12 ppm (Ha) indicate the presence of an ethyl group. Some 

ultiplets between δ= 2.30 and δ= 1.75 ppm are compatible with 

he methylene groups (Hj, Hk) from the left ring. The peak as- 
4 
igned to proton Hi is superimposed with the solvent peak. Finally, 

 singlet was detected at δ= 2.28 ppm, indicating protons from the 

ethyl group linked to the pyridinic ring (Hg). The 1 H spectra ob- 

ained using CDCl 3 as the solvent ( Fig. 2 -b) is similar to that ob-

ained with DMSOd 6 , with the exception of the amino proton Hh, 

hich is more deshielded, and the Hi proton, which is no longer 

uperimposed and appears in the same region as the Hj and Hk 

rotons. 
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Fig. 4. HMQC-2D correlation of HQ in CDCl 3 solvent, recorded on a Bruker 300 MHz spectrometer at 20 °C. 
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13 C NMR spectra ( Fig. 3 ) showed 19 carbon atoms, 12 with 

2 

ybridization and 7 with sp 

3 hybridization. The chemical shifts 

ecorded at δ= 195.77 and δ= 167.50 ppm were related to the car- 

onyls of the ketone (C11) and ester (C3), respectively. Double 

onds of the 1,4-di-hydropiridinic ring appeared at δ= 149.41 (C16), 

= 147.10 (C15), δ= 113.56 (C10) and δ= 106.04 ppm (C4). The aro- 

atic carbons showed signals at δ= 143.21 (C6), δ= 128.01 (C8), 

= 127.92 (C7) and δ= 126.01 ppm (C9). The ethyl group connected 

o the ester showed chemical shifts at δ= 59.85 (C2) and δ= 14.17 

pm (C1). For the methylenic groups, the signals appeared at 

= 37.01 (C14), δ= 27.40 (C12) and δ= 21.03 ppm (C13). C5 was ob- 

erved at δ= 36.40 ppm, and the resonance at δ= 19.38 ppm was 

onsistent with the methyl group of C17. 

The HMQC spectra showed the cross peaks (Hd-C7), (Hc-C5), 

Hb-C2), (Hg-C17), (Ha-C1), and (Hj-C13), confirming the assign- 

ent of the synthetized molecule ( Fig. 4 ). 

Several reaction paths have already been examined for this type 

f reaction. A reasonable proposal is that initially, there is an al- 

olic condensation between 1,3-cyclohexanedione and benzalde- 

yde to form a Michael’s acceptor as an intermediate. This inter- 

ediate should react with ethyl acetoacetate through a conjugated 

ddition (Michael addition). One of the ketone carbonyls must re- 

ct with ammonia present in the reaction medium to form an 

mine, which undergoes enamine tautomerism to promote an in- 

ernal nucleophilic attack on another ketone carbonyl, closing the 

,4-dihydropyridine ring. The mechanism of the reaction is detailed 

n Fig. 5 . 
5 
.2. Selection of the cyclodextrin using inclusion kinetics 

The inclusion of a guest molecule inside the cyclodextrin cav- 

ty can lead to changes in the spectroscopic characteristics of the 

olecule to be included. A decrease in the polarity of the environ- 

ent after complexation may reflect, in most cases, an increase in 

he UV–Vis absorbance of the guest, and interactions between the 

uest and host occur due to the polarity and steric effects of the 

ystem [ 18 , 19 ]. 

In this study, the tested solutions reached equilibrium in ap- 

roximately 60 min ( Fig. 6 ) after a linear increase in the ab- 

orbance, showing that a relatively short time is needed to obtain 

nclusion complexes. No batho- or hypsochromic shifts were ob- 

erved in any of the tested samples during the experiment time, 

nd in relation to the hyperchromic effect, we observed the fol- 

owing order: β-CD 1:2 > β-CD 1:1 > γ -CD 1:2 > plain HQ > 

-CD 1:1. Thus, the solution containing β-CD induced the greatest 

ncrease in absorbance and proved to be the best at incorporating 

he HQ molecule and was therefore used to prepare the inclusion 

omplexes for this work. 

After analyzing the kinetic profile with β-CD, zero-order com- 

lexation kinetics were determined, with R 

2 = 0.98683 and 

.99509 at 1:1 and 1:2 stoichiometry, respectively. The kinetic con- 

tants (k) were calculated to be 7.74 × 10 −2 ± 2.48 × 10 −3 h 

−1 

1:1) and 9.73 × 10 −2 ± 1.9 × 10 −3 h 

−1 (1:2), in accordance with 

alues found previously in the literature for apolar molecules 

uch as praziquantel [ 18 , 19 ] and dibenzalacetone [20] . The result
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Fig. 5. Proposed mechanism of reaction for the multicomponent synthesis of HQ. 

Fig. 6. Inclusion kinetics of HQ with β-CD and γ -CD at 1:1 and 1:2 stoichiometries at 25 °C. 
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uggests that in both molar ratios, the formation of the inclusion 

omplex occurs, with the 1:2 molar ratio being the most likely to 

appen, as corroborated by other analyses shown hereafter. 

.3. Evaluation of the inclusion process 

.3.1. Phase solubility isotherm 

Analysis of the phase solubility allows the evaluation of the 

ffinity of the guest molecule for the cavity of cyclodextrin in wa- 

er. The solubility of the HQ molecule increased 3.5-fold in the 

resence of β-CD up to 15 mM, giving an A L profile ( Fig. 7 ) accord-

ng to the classification of Higuchi and Connors [21] . The associa- 

ion constant K a was determined to be 170.3 M 

−1 , which is con- 
6 
idered a suitable value to improve the solubility of hydrophobic 

olecules. Some reports about poorly soluble compounds describe 

n increase of 3.4-fold for atrazine, with Ka = 130.68 M 

−1 [25] ; for

enzocaine, the solubility increased 3 times, with Ka = 229.8 M 

−1 

26] , and for praziquantel, the Ka was 140.8 M 

−1 , with a 5.5-fold

ncrease in aqueous solubility [19] . 

The standard Gibbs free energy ( �G °) was used to analyze the 

endency of the guest molecule to interact inside the carrier sys- 

em, indicating whether this condition increases the solubilization. 

The values obtained for HQ were negative and increased at all 

oncentrations of β-CD ( Table 1 ), indicating that the process to 

ransfer the molecules toward the cavity is spontaneous and is fa- 

ored as the concentration of β-CD increases. 
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Fig. 7. Phase solubility isotherm for HQ at increasing concentrations of β-CD in water at 25 °C. 

Table 1 

Standard Gibbs free energy ( �G °) 
for solubilization of HQ in aqueous 

solution of β-CD. 

[ β-CD] mM �G ° (KJ mol −1 ) 

3 −0.994 

6 −1.702 

9 −2.251 

12 −2.701 

15 −3.082 

3

t

t

t
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t
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t
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3

3

w

(  

Fig. 8. DSC thermograms of HQ, β-CD, HQ/ β-CD inclusion complexes obtained by 

kneading (KN) and lyophilization (LYO) methods and physical mixtures (PM) at 1:1 

and 1:2 molar ratios. 

h
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d
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w

t

h

t

.3.2. Nuclear magnetic resonance 
1 H NMR spectroscopy was employed to investigate the interac- 

ion of the HQ molecule with β-CD and suggest how the interac- 

ion occurs. Changes in the chemical shift after inclusion are a sign 

hat the proton is under the influence of other protons nearby and 

an help determine a possible geometry of the inclusion. On the 

ther hand, sometimes changes are not sufficient to be measured, 

nd additional experiments are needed to elucidate the complexa- 

ion. In the case of HQ, the cyclohexanone (Hj) and aromatic ring 

Hf) likely interact with the head of β-CD, as H1, OH3 and H2 were

he most affected protons from the cyclodextrin ( Table 2 ). Further 

tudies using 2D ROESY could help to clarify the interaction be- 

ween the molecules, tracing the spatial interaction between the 

ost and guest. 

.4. Characterization of the inclusion complexes 

.4.1. DSC 

For plain β-CD, an endothermic peak at 112.27 °C was observed, 

hich corresponds to the loss of water molecules from the cavity 

 Fig. 8 ) and is in agreement with other data [ 27 , 28 ]. On the other
7 
and, the HQ molecule showed a sharp peak at 262.31 °C, related 

o its melting temperature [16] . 

For the inclusion complexes LYO and KN at a 1:1 molar ratio, a 

ecrease in the transition temperature of approximately 10 °C oc- 

urred because water molecules left the cavity earlier to accommo- 

ate the HQ structure. At a 1:2 molar ratio, there was proportion- 

lly more β-CD than HQ, and probably not all the water molecules 

ere displaced by HQ, which can be determined from the transi- 

ion peak at higher temperatures. The PM at both stoichiometries 

ad similar behavior, with a decrease in the transition peak related 

o β-CD. 
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Table 2 
1 H NMR chemical shifts of β-CD and HQ protons in DMSO d6 before and after complexation. 

Assignment β-CD (ppm) HQ (ppm) HQ/ β-CD (ppm) �δ (ppm) 

H2 nd 3.29 0.04 

H4 3.30 3.28 0.02 

H5 3.63 3.61 0.02 

H3 3.66 3.67 0.01 

H6 3.55 3.55 0 

OH6 4.44 4.43 0.01 

H1 4.83 4.88 0.05 

OH2 5.70 5.70 0 

OH3 5.65 5.70 0.05 

Ha 1.12 1.10 0.02 

Hb 3.98 3.97 0.01 

Hc 4.89 4.92 0.03 

Hd 7.19 7.18 0.01 

He 7.15 7.14 0.01 

Hf 7.07 7.12 0.05 

Hg 2.28 2.27 0.01 

Hh 9.11 9.11 0 

Hi nd – –

Hj 1.88 2.08 0.20 

Hk 2.21 2.18 0.03 

nd: not determined due to peak overlap. 

Fig. 9. NIR spectra of HQ, β-CD, HQ/ β-CD inclusion complexes obtained by kneading (KN) and lyophilization (LYO) methods and physical mixtures (PM) at 1:1 and 1:2 

molar ratios. 
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Upon analyzing the transition peak of HQ, it is observed that 

N and PM at 1:1 and 1:2 stoichiometries presented Tmax val- 

es at the same temperature as HQ alone. The intensity decreased 

ut was similar in all the samples. These results demonstrate that 

hese methods were not useful for complexing the HQ molecule in- 

ide β-CD. Otherwise, LYO at 1:1 and 1:2 molar ratios shifted Tmax 

o higher temperatures with a smaller enthalpy, probably due to 

he shielding of HQ inside the β-CD cavity, which would cause the 

olecule to shift its melting temperature to higher values. They 
g

8 
lso exhibited another peak at higher temperatures that indicate 

hat some residual HQ is released from the cavity. 

.4.2. NIR 

NIR spectra were collected in diffuse reflectance mode ( Fig. 9 ). 

Q gave rise to sharp bands in the overtone region at 60 0 0 cm 

−1 

nd 6500 cm 

−1 assigned to the C 

–H and N 

–H vibrations modes, 

espectively, while β-CD gave rise to wide bands from the hydroxyl 

roups [20] . 



L.M.A. Pinto, O. Adeoye, S.S. Thomasi et al. Journal of Molecular Structure 1237 (2021) 130391 

Fig. 10. Dissolution profiles of HQ and HQ/ β-CD inclusion complexes obtained by 

kneading (KN) and lyophilization (LYO) methods at 1:1 and 1:2 molar ratios. 

Table 3 

Dissolution data for HQ and HQ/ β-CD 

inclusion complexes in water. 

Samples DP 30 (%) T 50 (min) 

LYO 1:2 23.6 70.0 

LYO 1:1 14.1 117.5 

HQ 9.4 117.5 

KN 1:2 8.5 > 120.0 

KN 1:1 7.6 > 120.0 
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The spectra of the complexes obtained by KN and LYO were 

ore similar to that of β-CD alone, but LYO lost the characteris- 

ic bands of HQ at 850 0–870 0 cm 

−1 , indicating that complexation 

as more efficient in this method. 

The spectra of PM, at both molar ratios, is superimposed with 

hose of HQ and β-CD alone, indicating that a weak interaction 

ay occur in this preparation. 

.4.3. In vitro dissolution assay 

Dissolution studies of HQ and systems containing β-CD are 

hown in Fig. 10 . After 120 min of shaking, the sample with the in-

lusion complex obtained by lyophilization at a 1:2 molar ratio had 

n improved rate of HQ dissolution. The other samples decreased 

KN 1:1 and 1:2) or maintained (LYO 1:1) the dissolution profile of 

Q alone at the end of the experiment. 

The % of drug dissolved within 30 min (DP 30 ) and the time to

issolve 50% of the drug (T 50 ) were determined and are summa- 

ized in Table 3 . The DP 30 increased for the inclusion complexes 

btained by LYO and decreased for those obtained by KN, confirm- 

ng that the lyophilization method is more suitable to prepare the 

omplex. Some of the mechanisms that could explain the increase 

n the dissolution rate are the reduction in crystallite size, the ef- 

ect of solubilization of the CD and conversion of the drug to an 

morphous state (Patel & Patel, 2010). LYO 1:2 was the only sample 

hat had a considerable decrease in the T 50 parameter compared to 

Q alone. Therefore, LYO at a 1:2 stoichiometry is considered the 

est formulation to improve the solubility of the HQ drug, even 

hough the time was not enough to reach the plateau at 100% dis- 

olution. 

. Conclusions 

The multicomponent synthesis presented a good yield, demon- 

trating that it is a fast and environmentally safe alternative for ob- 

aining the HQ molecule and can be used to obtain other analogous 

olecules of biological interest. The proposed mechanism of the 
9 
eaction involved a Michael addition reaction. The cyclodextrin se- 

ected to prepare the inclusion complexes was β-CD, that increased 

ts aqueous solubility, which may reflect a greater stability and ac- 

ivity of the molecule. Lyophilization at a 1:2 molar ratio was the 

est procedure to prepare the inclusion complexes, which can be 

ubmitted to in vitro assays to demonstrate whether HQ shows an 

mprovement in its biological properties. Furthermore, inclusion in 

he cavity of β-CD can favor groups of the HQ molecule to inter- 

ct more appropriately in their place of action, leading to a better 

esponse of the organism. 
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