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Abstract 

The study presents the results of obtaining clathrate inclusion complexes of 
the alkaloid lupinine (Lup) and its 1,2,3-triazole derivative (Lup-T) using the 
oligosaccharide β-cyclodextrin (β-CD). The structural features of the encapsulated 
forms of lupinine (Lup) and its derivatives were characterized by molecular 
modeling, IR spectroscopy, 1H and 13C NMR, as well as two-dimensional 1H-1H 
(COSY) and 1H-13C (HMBC, HSQC) NMR spectroscopy. A comparative thermal 
degradation study of lupinine, its triazole derivative, and their inclusion complexes 
with β-cyclodextrin was performed using differential thermogravimetry (DTG) and 
differential scanning calorimetry (DSC). The kinetic parameters of the thermal 
decomposition reactions of lupinine-based substrates at different heating rates, 
along with the values of apparent activation energy, were calculated using model-
free isoconversional methods by Friedman and Ozawa-Flynn-Wall.
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1. Introduction

Lupinine (Lup) is the simplest representative of a 
large group of quinolizidine alkaloids found in plants 
of the genera Lupinus and Anabasis [1-3]. Pharmaco-
logically, lupinine and its derivatives exhibit bacteri-
cidal and sedative effects, possess anti-inflammato-
ry and hypotensive properties, and are of interest 
as promising pharmacophores [4, 5]. The structur-
al modifiability of the lupinine molecule allows for 
the targeted synthesis of new compounds and the 
investigation of their biological properties. Many 
derivatives of the (−)-lupinine alkaloid have proven 
to be valuable biologically active compounds [6, 7], 
which has stimulated their comprehensive study 
and the development of methods for constructing 
more complex structures. Among the known lu-

pinine derivatives, esters are the most extensively 
studied. For example, several lupinine esters have 
demonstrated strong local anesthetic activity [8-11] 
and anticholinesterase effects [10-12]. The hydroxyl 
group in lupinine can be readily converted into an 
amino group, enabling the synthesis of a wide range 
of N-substituted derivatives, some of which exhibit 
anti-inflammatory [13, 14], antihypertensive, antiar-
rhythmic [15], antimalarial [16-18], and anticholines-
terase [19] activities. Additionally, a group of deriva-
tives based on ω-chlorolupinan, ω-thiolupinan, and 
ω-cyanolupinan has been synthesized as promising 
ligands for sigma receptors of the central nervous 
system, which are implicated in the pathogenesis of 
psychiatric and motor disorders [20].

One of the less explored but promising direc-
tions in the structural modification of lupinine is the 
synthesis of its novel 1,2,3-triazole derivatives. For 
a long time, triazoles remained a scarcely accessible 
class of compounds due to the high energetic contri-
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bution of a single 1,2,3-triazole ring, which amounts 
to 168 kJ/mol [21], making their synthesis highly 
energy-consuming. In recent years, however, this 
situation has changed significantly due to the intro-
duction of dipolar aprotic solvents and phase-trans-
fer catalysis into the practice of organic synthesis 
[22-25]. Previously, we reported a series of studies 
on the synthesis and structural characterization of 
new (1S,9aR)-((1H-1,2,3-triazol-1-yl)methyl)octahy-
dro-1H-quinolizine derivatives of lupinine [26].

In the present study, we describe the results of 
investigating the encapsulation of the lupinine (Lup) 
molecule and its 1,2,3-triazole derivative (Lup-T) by 
the starch-derived oligosaccharide β-cyclodextrin 
(β-CD) using molecular modeling, IR spectroscopy, 
and 1H and 13C NMR spectroscopy. Thermal analysis 
of lupinine (Lup) and its inclusion complex (Lup-T) 
was also carried out using differential thermograv-
imetry (DTG) and differential scanning calorimetry 

Lupinine β-Cyclodextrin β-Cyclodextrin:Lupinine Inclusion Сomplexes (IC)

Fig. 1. Structural formulas of Lupinine, β-cyclodextrin and its inclusion complex.

Fig. 2. The lupinine molecule: a) structural formula of lupinine; b), c) 3D model of the lupinine molecule (size ~6 х 7 Å).
b) front view c) side view

(DSC). The formation of supramolecular inclusion 
complexes of lupinine and its novel triazole deriva-
tive may serve as a basis for developing a new wa-
ter-soluble pharmaceutical form.

2. Results and Discussion

2.1 In silico studies

2.1.1 Molecular modeling of the inclusion complexes of 
lupinine and (1S,9aR)-1-[(4-phenyl-1H-1,2,3-triazol-1-yl)
methyl]octahydro-1H-quinolizine with β-cyclodextrin

Initially, molecular modeling and geometry opti-
mization of the studied molecules – lupinine (Lup), 
(1S,9aR)-1-[(4-phenyl-1H-1,2,3-triazol-1-yl)methyl]
octahydro-1H-quinolizine (Lup-T), and β-cyclodex-
trin (β-CD) – were carried out using the semi-empir-
ical AM1 method implemented in the Gaussian 2016 
software package (Figs. 1 and 2).

The lupinine alkaloid molecule is relatively small 
in size (~6×7 Å) and contains a quinolizidine heterocy-
cle. The quinolizidine core adopts a trans-configura-
tion, with both rings adopting a chair conformation, 
and the –CH2OH group occupying an axial position. 
The Lup-T molecule (Fig. 3) is more voluminous 
(~6×15 Å); in addition to the quinolizidine heterocy-
cle, its structure includes a side chain composed of 
sequentially connected triazole and benzene rings. 
As in the case of lupinine, the quinolizidine core 
adopts a trans-configuration, both rings adopt chair 

conformations, and the side chain is oriented axially.
The β-cyclodextrin (β-CD) molecule (Fig. 4) is a 

macrocyclic compound composed of seven gluco-
pyranose units linked by 1,4-glycosidic bonds. The 
β-CD macrocycle has the shape of a hollow truncat-
ed cone and features a toroidal internal cavity with 
an inner diameter of approximately 6.6 Å and a wall 
height of about 7 Å. The shape of β-CD is stabilized 
by hydrogen bonds between the hydroxyl groups lo-
cated on the outer surface of the molecule, which 
also contribute to its good water solubility.
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The obtained computational data indicate that 
the size of the internal cavity of the β-cyclodextrin 
molecule is sufficient for the formation of inclusion 
complexes with lupinine and its derivative, Lup-T. 
As the next step, a study was carried out using the 
AutoDock 4.2.6 software to determine the binding 
energy of their 1:1 inclusion complexes (Fig. 5).

Based on the analysis performed, the binding 
energies of the lupinine and Lup-T ligands with the 
β-cyclodextrin receptor were evaluated. The bind-
ing energy was -5.00 kcal/mol for the lupinine com-

Fig. 5. Docked poses of best-ranked docking score of Lup and Lup-T with b-CD (front view): (а, b) lupinine (binding 
energy is -5.00 kcal/mol); (c, d) (1S,9aR)-1-[(4-phenyl-1H-1,2,3-triazol-1-yl)methyl]octahydro-1H-quinolizine (binding 
energy is –7.17 kcal/mol).

plex and -7.17 kcal/mol for the complex with Lup-T. 
In both cases, the negative binding energy values 
equal to or below -5 kcal/mol indicate effective com-
plex formation between the ligands and β-CD. No-
tably, the more negative binding energy observed 
for the Lup-T complex suggests the formation of a 
more stable inclusion complex. In the case of the lu-
pinine-β-CD complex, the formation of an intermo-
lecular hydrogen bond was identified between the 
hydroxyl group of lupinine and a secondary oxygen 
atom of cyclodextrin.

Fig. 3. (1S,9aR)-1-[(4-phenyl-1H-1,2,3-triazol-1-yl)methyl]octahydro-1H-quinolizine (Lup-T) molecule: a) structural 
formula of Lup-T; b), c) 3D model of the Lup-T molecule (size ~6 × 15 Å)

b) front view c) side view
a)

Fig. 4. β-CD molecule: a) structural formula; b) ,c) 3D model of the molecule (size ~7 (height) × 13 (diameter) Å).
a) b) front view c) side view

a) 3D model b) Model with 15 h-bonds d) Model with 14 h-bondsc) 3D model
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2.2.1 Study of the structure of the obtained Lup:β-
CD supramolecular inclusion complexes 

The structure of the obtained Lup-T:β-CD (1:2) in-
clusion complex was confirmed by FT-IR spectrosco-
py, 1H and 13C NMR spectroscopy, as well as two-di-
mensional COSY (1H–1H) and HMQC (1H–13C) spectra. 
Figure 6a-c presents the FT-IR spectra of lupinine 
(a), β-CD (b), and the Lup:β-CD (1:2) clathrate com-
plex (c). In the FT-IR spectrum of lupinine, the O-H 
stretching vibrations appear as a broad band at 3434 
cm-1, while the bending vibrations of the O-H bond 
are also clearly observed at 1647 and 1614 cm-1. The 
C-H stretching vibrations of the quinolizidine skele-
ton are found in the characteristic region of 2928-
2757 cm-1, and their bending vibrations appear in the 
region of 1402-1354 cm-1. The C-O bond vibrations 
are observed in the range of 1100–1041 cm-1.

The FT-IR spectra of the inclusion compounds re-
vealed changes in the spectral characteristics of the 
guest molecule; the intensities of the bands at 1450, 
1354, 1041, and 873 cm-1 nearly disappeared. In the 
spectra of the Lup:β-CD (1:2) clathrate complex, 
slight shifts in the characteristic absorption bands 
of the β-CD functional groups were observed, indi-
cating the absence of covalent interactions between 
lupinine and the internal functional groups of β-CD. 

The C-H bond vibrations in CH and CH2 groups appear 
with low intensity in the region around 2936 cm-1. 
The absorption bands at 1641 and 1614 cm-1 corre-
spond to the bending vibrations of the O-H bond in 
COH groups, while the bands at 1415, 1354, 1153, 
and 1026 cm-1 are attributed to bending vibrations 
of the C-H bonds in the CH2OH and CHOH groups of 
the cyclodextrin molecule. In the IR spectra of both 
β-CD and the Lup:β-CD complex, the O-H stretching 
vibrations appear as broad bands with maxima in 
the range of 3387–3435 cm-1 in all binary systems. 
Thus, the stretching and bending vibrations of the 
O-H bond and other groups characteristic of the lu-
pinine molecule are not observed in the IR spectra 
of the Lup:β-CD complex. This may indicate that the 
very broad and intense bands of β-CD masked these 
groups in the same wavelength range.

The study of host-guest supramolecular inclusion 
complexes between β-cyclodextrin (β-CD) and var-
ious substrates by 1H and 13C NMR spectroscopy is 
based on analyzing the differences in chemical shift 
(δ) values of the 1H and 13C nuclei in the lupinine sub-
strate and the β-CD receptor in their free forms and 
within the complexes [27-31]. The encapsulation of 
the substrate (lupinine) is accompanied by non-co-
valent (hydrophilic) interactions with specific atoms, 
which lead to shifts in the 1H and 13C NMR signals 

Fig. 6. FT-IR spectra of Lup (a), β-CD (b), the physical mixture Lup+β-CD (c), and the Lup:β-CD (1:2) clathrate complex (d).
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Table 1. 1H and 13C chemical shifts of lupinine and β-CD in the free state and in the inclusion complex

Atom 
number

Group δ0 value in the free state, 
ppm

δ value in the complex, 
ppm

Chemical shift change 
∆δ(δ-δ0), ppm

СНх δ(1Н) δ(13С) δ(1Н) δ(13С) ∆δ(1Н) ∆δ(13С)
1 2 3 4 5 6 7 8

lupinine
1 -СН2-N 1.90 57.29 1.92 57.28 0.02 -0.01
2 -СН2- 1.36 21.62 1.34 21.59 -0.02 -0.03
3 -СН2- 1.34 29.35 1.32 29.33 -0.02 -0.02
4 >СН- 1.58 41.01 1.57 41.03 -0.01 0.02
5 >СН- 1.17 25.58 1.20 25.69 0.03 0.11
6 -СН2- 1.65 27.40 1.64 27.42 -0.01 0.02
7 -СН2- 1.37 25.40 1.38 25.40 0.01 0
8 -СН2- 1.82 64.66 1.83 64.62 0.01 -0.04
9 -СН2-N 2.66 57.29 2.66 57.28 0 -0.01

10 -СН2-ОН 3.56 60.45 3.55 60.49 -0.01 0.04
β-cyclodextrin

1 >СН- 4.77 102.43 4.79 102.68 0.02 0.25
2 >СН- 3.27 72.87 3.30 72.90 0.03 0.03
3 >СН- 3.49 73.54 3.61 73.69 0.12 0.15
4 >СН- 3.30 82.00 3.33 82.15 0.03 0.15
5 >СН- 3.45 72.52 3.55 72.66 0.10 0.14
6 СН2- 3.57 60.40 3.61 60.56 0.04 0.16

along the δ scale. Equivalent proton signals from the 
fused ring system of lupinine appear in the spectrum 
of the inclusion complex with β-CD in the regions of 
1.00–1.62 and 1.76–1.92 ppm. The methylene pro-
ton signal adjacent to the hydroxyl group is shifted 
to 3.49–3.50 ppm as a result of complex formation. 
The secondary carbon atoms of the fused ring sys-
tem of the lupinine molecule give rise to signals at 
21.59, 25.40, 27.35, and 29.33 ppm. The C-6 methine 
carbon is observed at 25.69 ppm. Downfield signals 
corresponding to C-2, C-10, C-9, and C-11 also exhib-
it slight shifts and appear at 57.28, 64.62, and 60.56 
ppm. For the carbon atoms of β-CD, the chemical 
shift differences (Δδ) range from 0.03 to 0.25 ppm 
(Table 1).

For β-CD protons, the formation of the inclu-
sion complex is accompanied by downfield shifts of 
all 1H nuclei. The largest chemical shift differences 
(∆δ = +0.10-0.12 ppm) are observed for the inner 
cavity protons H-3 and H-5 of β-cyclodextrin (β-CD). 
In the case of 13C NMR spectra of the substrate, the 
host, and their complex, more significant signal shifts 
are observed. Based on the obtained data, the for-
mation of an internal (inclusion) complex with the 
lupinine molecule can be confirmed (Table 1). The 
structure of the supramolecular complex is further 
supported by COSY (1H-1H) spectral data. Analysis of 

the 1H and 13C NMR spectra indicates the absence of 
covalent interactions between lupinine and the in-
ternal functional groups of the β-CD torus. The for-
mation of the clathrate complex is primarily driven 
by non-specific (dispersive and van der Waals) inter-
actions [32].

2.2.2 Thermal analysis of lupinine and its deriva-
tives by differential thermogravimetry and differ-
ential scanning calorimetry

The combined use of various characterization 
methods, depending on the physical state of the 
studied samples, provides the most reliable results 
in terms of model accuracy and consistency [32]. In 
this regard, it was of interest to compare the ener-
getic and thermodynamic characteristics of lupinine, 
(1S,9aR)-1-[(4-phenyl-1H-1,2,3-triazol-1-yl)methyl]
octahydro-1H-quinolizine (Lup-T), and the inclusion 
complex Lup-T:β-CD (1:2). The thermal stability of 
the samples was evaluated using differential scan-
ning calorimetry (DSC) [33, 34]. The thermogravi-
metric analysis parameters for the decomposition of 
the compounds are presented in the TG/DTG curves 
(Fig. 7a-c). The thermal stability of Lup, Lup-T, and 
the Lup-T:β-CD (1:2) inclusion complex was investi-
gated under isothermal conditions (Fig. 7).
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According to the thermogravimetric analysis, the 
mass loss of the studied compounds occurs differ-
ently. Thus, lupinine loses 85% of its mass within the 
temperature range corresponding to the main heat 
release. Further mass loss (15%) in the range of 260-
300 °C occurs at a low rate and with minimal heat 
evolution. The most thermally stable compound, 
Lup-T, undergoes single-stage decomposition with a 
93% mass loss in the range of 350–400 °C (Fig. 7b).

The thermograms of Lup-T (Fig. 7b) and the in-
clusion complex Lup-T:β-CD (1:2) (Fig. 7c) show 
characteristic thermal peaks at approximately 350 
°C, corresponding to the melting points of these 
compounds. The kinetic parameters of the thermal 
decomposition of Lup, Lup-T, and Lup-T:β-CD (1:2) 
were calculated using the model-free Friedman (FR) 
[35] and Ozawa-Flynn-Wall (OFW) [36] approaches. 
These methods were selected due to their ability to 

compare the apparent activation energies of Lup-T 
and the Lup-T:β-CD (1:2) clathrate obtained by both 
differential and integral methods.

Analysis of the obtained data in Arrhenius coor-
dinates allows for the determination of the kinetic 
parameters of the thermal decomposition reactions
k = A · exp-E/RT, which are presented in Fig. 8 and Table 2.

Table 2. Activation energy values of Lup, Lup-T, and 
Lup-T:β-CD (1:2) under various ratios in a nitrogen 
atmosphere

Sample A , s-1
   , 

kJ·mol-1

A , s-1 FWOE , 
kJ·mol-1

 
Lup 1.52 109 89.12 0.27 110.46
Lup-T 4.72 106 91.01 0.14 112.87
Lup-T:β-CD (1:2) 4.43 106 88.88 0.15 109.70
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Fig. 7. TG curves of Lup (a), Lup-T (b), and Lup-T:β-CD (1:2) (c).
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Fig. 8. Graphical analysis results obtained using the Friedman and Ozawa-Flynn-Wall methods for Lup (a), Lup-T (b), 
and Lup-T:β-CD (1:2) (c) at different heating rates (5-12.5 °C/min).

As shown in Table 2, the kinetic parameters of 
the thermal decomposition reactions for Lup, Lup-T, 
and the inclusion complex Lup-T:β-CD (1:2) are of 
similar magnitude. Figure 9 presents the graphical 
dependence of the apparent activation energy on 
the degree of conversion. According to the obtained 
data, the absence of peaks corresponding to the 
phase transitions of the individual components in 

the thermogram of the inclusion complex indicates 
the formation of a stable Lup-T:β-CD (1:2) inclusion 
complex.

The E–α curves (Fig. 9) obtained using each indi-
vidual method exhibit similar shapes. As seen from 
the energy profiles, for α < 0.9, the activation energy 
(E) values for Lup-T are slightly higher than those for 
the Lup-T:β-CD (1:2) complex. As a continuation of 
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the study, the non-parametric kinetics method was 
applied to determine the apparent activation en-
ergy. Mathematical processing of the thermogravi-
metric curves shown in Fig. 12 allows for the calcula-
tion of the apparent activation energy using the NPK 
method, which is based on Eq. (1) [34].

r = k(T) · f(α)			       (1)
 
This method allows for the calculation of all ki-

netic parameters of a single-step process based on a 
single differential thermogravimetric curve (Fig. 9). 
One of the main advantages of this approach is that 
it does not require specific assumptions regarding 
the reaction order or the selection of a particular 
kinetic model function. The authors of studies [36, 
37] base their approach on the assumption that, in 
the NPK method, the reaction rate can be expressed 
in the form of a matrix

M = {mij} = {k(Ti)f(aj)}		      (2)

The most important feature of this method is 
that the NPK approach employs the singular value 
decomposition (SVD) algorithm.
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Fig. 9. Profiles of the dependence of apparent activation energy on the degree of conversion according to the 
Friedman and Ozawa-Flynn-Wall methods for Lup (a), Lup-T (b), and Lup-T:β-CD (1:2) (c).
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M = USVT 			       (3)

The elements of matrices U and V are determined 
by the following expressions

f(α) = [u1,u2, ...ui] and k(T) = [w1v1,w1v2,...w1vi]     (4)

The reaction rate values obtained at different 
heating rates were approximated using the non-para-
metric kinetics method and interpolated as a surface 
in 3D space (β·dα/dt, α, T) (Fig. 10). This surface is 
organized in the form of a matrix i×j, where the rows 
correspond to different degrees of conversion, from 
α1 to αi, and the columns correspond to tempera-
tures ranging from T1 to Tj. 

One of the equations that effectively describes 
reactions characterized by a pronounced induction 
period followed by a sharp increase in reaction rate 
is the generalized Šesták-Berggren kinetic equation 
[38].
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Fig. 10. 3D surface plots for Lup (a), Lup-T (b), and Lup-T:β-CD (1:2) (c) showing the dependence of the reaction rate 
(β·dα/dt) on temperature (T) and degree of conversion (α) in a nitrogen atmosphere.

The selection of the kinetic function was carried 
out by fitting the most appropriate model in dα/dt – 
α coordinates at various heating rates β. The f(α) = 
αm (1 ─ α)n was used as the f(α) function. The param-
eters m and n influence the shape and position of 
the maximum on the dα/dt curve. The results of the 
kinetic analysis are presented in Fig. 11 and Table 3.

As shown in Fig. 11, the experimental data plot-
ted in dα/dT-α coordinates are well described by the 
law f(α) = αm(1-α)n, known as the Šesták-Berggren 

model [38, 39], under the condition                                   that

                . Table 3 presents the values of the expo-

nents m and n for the experimental data obtained 
by differential thermal analysis. As seen in Fig. 11c, 
during the initial stage of decomposition of the 
Lup-T inclusion complex, the reaction rate rapidly 
increases due to autocatalysis, reaching a maximum 
at αₘₐₓ = 0.7, followed by a rapid decline until the 
decomposition nearly ceases completely.

  

 

 
0��
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3. Experimental

Molecular modeling of lupinine, (1S,9aR)-1-
[(4-phenyl-1H-1,2,3-triazol-1-yl)methyl]octahy-
dro-1H-quinolizine, and β-cyclodextrin (β-CD) was 
performed using the semi-empirical AM1 method 
in the Gaussian 2016 software package. The chem-
ical structures were obtained from the PubChem 
Substance and Compound database (pubchem.ncbi.
nlm.nih.gov). Unique chemical structure identifiers 
are No. 444041 (β-cyclodextrin) and No. 91461 (lu-
pinine). Geometry optimization was carried out in 
the gas phase (vacuum), without considering solvent 
effects. Molecular structure files of the receptor and 
ligands were prepared for docking using ChemBio-
Office 2014.

Molecular docking was performed using the La-
marckian Genetic Algorithm (LGA), implemented in 
AutoDock 4.2.6 and MGLTools 1.5.7. A semi-flexible 
docking approach was applied, in which the receptor 
was treated as rigid, while the ligand was allowed 
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to rotate and translate within a predefined cubic 
grid. AutoDock calculates binding energy using an 
empirical scoring function based on the free energy 
of binding, incorporating electrostatic, hydrophobic, 
and solvation effects, as well as configurational en-
tropy. The AutoDock approach employs Monte Car-
lo simulated annealing with rapid energy evaluation 
using grid-based molecular affinity potentials.

Inclusion complexes of lupinine (Lup:β-CD) and 
its derivative (Lup-T:β-CD) were obtained by co-pre-
cipitation from aqueous-ethanolic solutions of lu-
pinine (and/or its derivative) with β-cyclodextrin (β-
CD). Stoichiometric amounts of lupinine and β-CD 
(in 1:1, 1:2, and 1:3 molar ratios) were dissolved in a 

Table 3. Kinetic parameters of the thermal decomposition of Lup, Lup-T, and Lup-T:β-CD (1:2) at various ratios, 
calculated using the non-parametric kinetics (NPK) method

Sample
NPKE , kJ·mol-1 A , s-1 Šesták-Berggren

A , s-1

αm(1-α)n

m n
Lup 89.93 6.49 1010 3.21 1.00 89.13 8.62 1010

Lup-T 90.99 4.71 106 1.58 0.91 91.00 4.54 107

Lup-T:β-CD (1:2) 88.83 4.40 106 2.07 1.00 88.51 9.48 107

Fig. 11. Approximation of experimental data using f(α) functions based on the Šesták–Berggren method for Lup (a), 
Lup-T (b), and Lup-T:β-CD (1:2) (c).
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minimal volume of a 1:1 water:ethanol mixture. The 
solutions were stirred on a magnetic stirrer at 50 °C 
for 5 hours. The resulting precipitate was filtered, 
washed with acetone, and dried at 50–52 °C. The 
inclusion complexes Lup:β-CD (1:2; 72.5%) and Lup-
T:β-CD (1:2; 65.4%) were obtained as white crystal-
line solids, melting with decomposition at 265–290 
°C and 250–280 °C, respectively.

IR spectra of the compounds and their inclusion 
complexes were recorded using a Cary 600 Series 
FT-IR spectrometer (Agilent Technologies, USA) in 
the range of 4000–400 cm-1. The IR samples were 
prepared as pellets composed of the test substances 
and KBr.
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1H and 13C NMR spectra were recorded on Bruker 
AV-400 (400 and 101 MHz, respectively) and Bruker 
DRX-500 (500 and 125 MHz, respectively) spectrom-
eters. The spectra of the compounds were acquired 
in CDCl3 (Sigma-Aldrich), using the solvent signal 
(δC = 76.9 ppm) and the residual CHCl3 signal 
(δH = 7.24 ppm) as internal standards.

Differential Thermogravimetry (DTG) and Differ-
ential Scanning Calorimetry (DSC). Thermal anal-
ysis of β-cyclodextrin samples and their inclusion 
complexes with lupinine and its derivative (sam-
ple mass: 12 mg) was performed using differential 
thermogravimetry (DTG) and differential scanning 
calorimetry (DSC) on a DTA/DSC thermal analyzer 
(Setaram). All calculations were carried out using 
Mathcad software.

4. Conclusions

Encapsulated clathrate complexes of including 
the alkaloid lupinine and its 1,2,3-triazole derivative 
using the oligosaccharide β-cyclodextrin were ob-
tained. Obtaining supramolecular complexes of lu-
pinine inclusion and its new triazole derivative will 
make it possible to create a new water-soluble dos-
age form in the future. Using molecular modeling 
methods and optimization of the geometry of the 
molecules of the objects of study made it possible 
to establish that the size of the internal hydrophobic 
cavity of the β-cyclodextrin molecule is sufficient for 
the formation of inclusion complexes with lupinine 
and its triazole derivatives.
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