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This paper presents research on the polymorphism of Desloratadine substance, which is an
active pharmaceutical ingredient used for the treatment of allergic reactions. Desloratadine has
three known polymorphic forms (I-IIT) simultaneous crystallization of three polymorphs occurs
during the substance production. According to the results of our research, Desloratadine poly-
morphs are prone to polymorphic transitions when external factors change and recrystallization
from solvents of various chemical activities. The Desloratadine polymorph II is metastable and
is not observed in samples after recrystallization. The solvent affects the polymorphic transitions
of the substance. According to our research results, the maximum content of polymorph I was
obtained during recrystallization from chloroform (77 mas.%), and for polymorph III — during
recrystallization from water (86 mas.%). Pressure and temperature also affect the change in the
ratio of polymorphic modifications and the degree of crystallinity in the sample under study.

Keywords: Desloratadine, X-ray diffraction, polymorphism, Rietveld method

Jeanoparangun: nqocaiakeHHa moJdiMopgiaMmy Ta yMOB MOJIIiMOP(HUX IIEPETBOPEHb.
A.M. Illanowrnur, B.M. Baymep, B.B. Pyowx

B mamiit poGori mpoBemeHo mociimsxeHHsa moJimopdismy cybcrammii Jesmoparaguny, mo e
AKTUBHUM (PapMAalEeBTUYHUM IHIPEIIEHTOM TAa BHKOPHCTOBYETHCA IJIA JIKYBAHHSA aJIePridHHX
peaxrriit. Jleamoparamuua mae Bimomi tpu mosaimopdui dopmu (I-III), ogrouacHa rpumcrasmisaiis
TpbOX MOJIIMOPQIB BiAOYBaeThCs IIiJT Yac BUPOOHMIITBA CyOCTAHINI. 3a pe3yjbraTaMy HAIIUX
JIOCJTIPKEHb ITOJIIMOPQU Je3JI0paTafuHy MAIOTh CXUJIBHICTD 0 HMOJIIMOPQHUX MEePEXOIIB M Yac
3MIHM 30BHINIHIX YMHHUKIB Ta MEPEKPUCTAII3AINNA 3 POSUNHHUKIB PI3HOT XIMIYHOI aKTUBHOCTI.
HomMopcha Moaudiraris Jle3yIopaTa uHy II e meTacTablIbHOIO TA HE CIIOCTEPITAETHCS B 3pa3Kax
MICJIST IIPOBEJIEHHS IIepeKprucTa3aiii. PO3UMHHUK Mae BIIUB HA nomMOp(le IIepeTBOPEeHHS
cy6CTaHu11 3a pe3yIbTaTaMH HAIIMX JIOCJTI/T?KeHb MaKCUMAaJIbHUN BMicT mtostimopdy 1 OTPHMAHO
i vac mepexkpucrasisarii 3 xaopodopmy (77 mac.%), nomMop(by IIT - m/:L Jac ImepeKprucTaniaarii
3 Boau (86 mac.%). Tuck Ta TeMIIePATyPa TAKOK BJIMBAE HA 3M1Hy Cl'IlBBl,ZI;HOLTIeHHH moTiMOpHIUX
MOAUMIKAINN B CRITAI] JOCTIIKYBAHOIO 3pa3Ka Ta Ha CTYIIIHb KPUCTAJIIHOCTI.

© 2024 — STC “Institute for Single Crystals”

1. Introduction

Polymorphism and phase transitions have
been in focus of recent research due to their
great importance for many branches of science
and production. They are rather widespread
in functional materials and biologically active
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substances. Polymorphism is the ability of a
solid substance to exist in several forms with
different crystal structures and properties but
with the same chemical composition [1].

There are several main types of polymor-
phism: conformational, enantiotropic, and
monotropic. For example, for each enantiotro-
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pic polymorph in a compound, the characteris-
tic thermodynamic parameters (temperature,
pressure) at which this polymorph exists are
fixed; one enantiotropic form can be converted
into another under given thermodynamic con-
ditions characteristic of this polymorph. There-
fore, one polymorphic form may be stable un-
der low temperatures, another — under high
temperatures, ete. [1-5]. Compounds Acetazol-
amide and Carbamazepine belong to that type
of polymorphism [6, 7].

Polymorphic modifications of a substance
have specific physical and chemical properties:
melting temperature, solidity, density, elec-
tric conductivity, water absorption, solubility,
and dissolution speed as well as differences in
chemical reactivity [1]

The phenomenon of polymorphism is rather
widespread among active pharmaceutical in-
gredients (API). That is why it is important
to study the presence of polymorphism when
developing new medicines. Polymorphism is
interesting not only from the point of view of
crystal structure but also from biological activi-
ty which is closely related to the modification of
the API. The structure of the solid-state phase
is important in determining the effectiveness of
a drug and its possible effect on the body. Due
to solubility variations of API polymorphs, one
may have better therapeutic properties than
another. In many cases, an API only receives
regulatory approval for one of the polymorphs.
Each API requires quite extensive studies of
physical, chemical and biological characteris-
tics. Control of the quality and composition of
medicines is necessary at every stage of produc-
tion and storage [8-12]

Our paper presents research on the poly-
morphism of the Desloratadine substance with
the chemical formula C;gH;9CIN, (Fig.1) which
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Fig.1. Structure of Desloratadine

has antihistaminic activity and is used for al-
lergic reaction treatment [13]

2. Experimental

2.1 Method of synthesis

Obtaining the substance Desloratadine
technical

22 kg (550 mol) of sodium hydroxide and 80
1 of methyl alcohol were loaded into a reactor
of 500 1 volume equipped with a mechanic mix-
er, a reverse refrigerator, and a thermometer.
The reacting mixture was heated up to 75-80°C
with vigorous stirring and maintained at this
temperature until the alkali is completely dis-
solved (approximately for 1 hour).

After solid sediment dissolution the solu-
tion was cooled down to 45-50°C and 20kg (52
mol) of loratadine were loaded. The mixture
was heated up to 80-85°C and kept at a given
temperature and vigorous stirring for 3 hours.
Then the mixture was forcibly cooled in the re-
actor to 45-50°C, the refrigerator was immedi-
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Loratadine Desloratadine
[382.88] [310.82]

Fig.2. Scheme for obtaining Desloratadine
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Table 1. Crystallographic data of Desloratadine polymorphic modifications I-IIT [17].

System/

Form Sy Z a(d) b A) c ) B(°) VA3 | D, .(gcm)
p.gr.

I 4 | 7.061 12.069 | 9.559 | 108.20 773.8 1.335
Monoclinic/

II po 8 | 14.818 | 12.223 | 9.631 | 113.26 | 1602.7 1.288
1

III 4 | 7.754 12.139 | 9.608 | 118.78 792.6 1.302

ately turned on, the pressure in the system was
reduced to 30-40 mmHg, and approximately 40
1 of methanol distilled from the reacting mix-
ture. After distilling off the solvent, the system
was set to atmospheric pressure and 200 1 of
distilled water was added to the mixture. The
reacting mixture was cooled to 10-15°C while
stirring and then kept at this temperature for
1 hour.

The reacting mixture was filtered, the prod-
uct was squeezed out, then washed with 5 por-
tions of 30 I distilled water.

23 kg of raw syrup is obtained and dried
at 60°C to a moisture content of no more than
0.5%. 4 kg of dry technical Desloratadine is ob-
tained which is 87% of the theoretical conver-
sion to loratadine.

Obtaining the substance Desloratadine
officinal

14kg (550mol) of dry technical Deslorata-
dine, 70 1 of ethyl acetate, and 0.35kg of ac-
tivated coal were loaded into a 250 1 reactor
equipped with a mechanical stirrer, a reverse
refrigerator, and a thermometer. The stirrer
was turned on; the mixture was heated up to
the temperature of 77-79°C and stirred at this
temperature (boiling temperature of the mix-
ture 78°C) for 1.5 hours. After that, coal was
filtered off. With intensive stirring, the solution
was cooled spontaneously to a temperature of
50-55°C, then forcibly cooled to 4°C and main-
tained at this temperature for 1 hour. The ob-
tained sediment was filtered, well squeezed,
poured onto the filter with two portions of 20
liters of chilled ethyl acetate and dried at 60 °C
for 4 hours.

As a result, 10 kg of dry Desloratadine of-
ficinal was obtained which is 71% in terms of
the technical Desloratadine taken and 62% in
terms of the obtained loratadine.

2. 3 Experimental

The powder X-ray diffraction (PXRD) study
was carried out with a Siemens D500 powder
diffractometer at the room temperature (CuK,
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radiation, Bragg-Brentano geometry, curved
graphite monochromator on the counter arm,
4<20<60°, A26=0.02°). The initial processing of
theobtained PXRD patterns was performed with
PowderX program. The FullProf&WinPLOTR
program [14-16] was used for the Rietveld re-
finement. An Al,O5 plate (NIST SRM1976) was
used as the external standard and to determine
the instrumental profile function.

3.Results and discussion

It is known from the literature that there
are three polymorphic modifications of Deslo-
ratadine [17] (Table 1). The authors identified
three polymorphs and recorded the stage of for-
mation of each of them using a single-crystal
method on heating a sample in situ to 77°C.
The sample for the research was obtained as
a result of recrystallization from ethyl acetate.
Based on the results obtained, the authors
proved that desloratadine can be classified as
“dynamic molecular crystals”, since the single-
crystal—single-crystal phase transition occurs
not only upon heating, but also upon cooling:
1(20°C) — II(62°C) — III(77°C), III(77°C) —
I1(47°C) — 1(20°C). Polymorph II is transi-
tional in this system. The structure model data
were taken for the calculations of the powder
patterns (Table 1).

We have carried out a number of experi-
ments to study the possibility of polymorphic
transitions during recrystallization of the
desloratadine substance. We used solvents in
which the studied substance has maximum sol-
ubility and boiling temperatures in the range
of polymorph transitions mentioned by the au-
thors [17]. According to the literature data, the
melting point of Desloratadine is 157°C [18]
and according to the research of the authors
[17], the phase transition temperature varies
in a fairly small range of 20-80°C. Therefore,
the following solvents were chosen for recrys-
tallization: chloroform (t;;=61.2°C), hexane
(tpo=68.7°C), ethyl acetate (t,,;=77.1°C),
water (t,,;;=100°C). As the Desloratadine sub-
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Table 2. Conditions of the experiments

Mark Experiment conditions
1 0) Desloratadine substance sample
2 (1) Recrystallization (0) from chloroform
3 2) Recrystallization (0) from hexane
4 3) Recrystallization (0) from water
5 4) Recrystallization (0) from ethyl acetate
6 (0a) Pressing (0)
7 (1a) Pressing (1)
8 (2a) Pressing (2)
9 (Ob) Recrystallization (0) from melt

Table 3. The results of quantitative refinement of diffraction patterns of the samples after the action of
solvent and pressure according to the Rietveld method

Solvent Pressure
Content ; ; Content ;
Sample Phase Crystallite size Sample Phase Cl.ﬂystalhte
(mass.%) (nm) (mass.%) size (nm)
I 39 (1) 36 I 44 (1) 40
0) 11 49 (1) 36 (0a) 11 37 (1) 20
1 12 (1) 33 11 19 (1) 31
I 77 (1) 31 I 60 (1) 26
® (1a)
111 23 (1) 12 111 40 (1) 17
I 36 (1) 35 I 75 (1) 24
2 (2a)
111 64 (1) 34 111 25 (1) 30
I 14 (1) 19
3
111 86 (1) 20
I 20 (1) 24
4)
1 80 (1) 37

stance is produced in the form of tablets, addi-
tional analysis of the samples was carried out
after pressing (P = 1.52 GPa), since pressure is
one of the factors of a possible phase transition.
The samples presented in Table 2 were studied
to perceive the possibility of Desloratadine sub-
stance phase transitions.

At each stage of the research, the composi-
tion of the samples was controlled by powder
diffraction and the data obtained were pro-
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cessed according to the Rietveld method (Fig.3,
Table 3).

According to the powder X-ray diffraction
data, the Desloratadine sample (0) contains
three phases corresponding to polymorphs I-
IIT known from the literature. According to the
data obtained after refinement (Table 3), the
solvent affects the developing crystal structure
of Desloratadine, since in each case (1) — (4)
after recrystallization only two phases were

Functional materials, 31, 1, 2024
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Fig. 3 Results of diffraction pattern refinements using the Rietveld method after experiments (0) — (4)
and (0a) — (2a). Black dots show the experimental diffraction pattern; red marks show theoretically calcu-
lated data; the difference curve is marked in blue. Vertical lines correspond to the positions of the Bragg

peaks.

observed, corresponding to polymorphic forms
I and IIL. One of the main factors which can in-
fluence the formation of the three polymorphic
modifications is the method of preparation: the
volume of the reaction mixture and the condi-
tions under which constant stirring is carried
out, as well as temperature. For each individual
case of recrystallization, the formation of one of
the polymorphic modifications is most advan-
tageous. In case (1), polymorph I is present in
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the predominant amount in the sample under
study. For the other experiments (2) — (4), the
formation of the polymorph III is predominant;
the largest amount of it was obtained in case
(8), which corresponds to recrystallization from
an aqueous solution. It is worth noting that not
a single polymorphic modification was obtained
in its pure form; polymorph II is observed
only in sample (0) obtained under production
conditions. After pressing the sample (0), the
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Fig.4 Results of the Rietveld refinement of the
powder X-ray diffraction pattern of the sample

(0b).

broadening of the lines is quite noticeable, as
well as a change in the ratio of line intensities
in the powder diffraction pattern (Fig. 3 (0a)).
The changes indicate processes of transition
of part of the sample into an amorphous state,
which is also accompanied by a change in the
ratio of crystalline phases and a decrease in
the size of crystallites (Table 3, (0a)). Based
on the results of refinement of the powder pat-
tern, the amount of metastable modification II
decreased. Let’s compare experiments (1a) and
(2a) for the samples (1) and (2). There is a no-
ticeable change in the content of polymorphs;
this process can be called a reverse phase tran-
sition, since in the first case the amount of
polymorph III increases, in the second - poly-
morph I. In such cases, line broadening is also
observed, which indicates the presence of part
of the amorphous phase and a decrease in the
size of crystallites in the samples under study.

According to the results of refinement for the
melt of sample (0), sample (0b) contains poly-
morphs I (10 wt.%) and III (90 wt.%) (Fig.4).
It is worth noting that polymorph II is also ab-
sent in the sample (0b), while a predominant
amount of polymorph III is observed.

4. Conclusions

According to the results of the research, the
following conclusions can be made: polymorph
II is metastable and is formed only during Des-
loratadine officinal synthesis in manufactur-
ing, and any further processing of the obtained
Desloratadine substance leads to its partial
transition into polymorph I and/or III.

It is worth noting that upon recrystalliza-
tion of Desloratadine from various solvents, as
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well as from the melt, polymorph II completely
disappears in the sample. The balance of poly-
morphs I and III in the recrystallized product
depends on the type of solvent used for recrys-
tallization. The maximum content of polymorph
I was obtained during recrystallization from
chloroform (77 mass%), polymorphic modifica-
tion IIT was obtained during recrystallization
from water (86 mass%) and from a melt (90
mass%). No foreign impurities were observed.
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