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Abstract: Thiazolopyrimidines are attractive to medical chemists as new antitumor agents due to
their high inhibiting activity towards the tumor cells replication process and easy modification of their
structure by varying of the number and nature of substituents. The presence of asymmetric C5 carbon
atoms requires the development of racemic mixture separation procedures for these heterocycles.
One of the more effective ways is the crystallization of a racemic compound as a conglomerate. A
prerequisite for such separation is the formation of non-centrosymmetric crystals presenting Sohncke
space groups. For the construction of chiral supramolecular ensembles in a crystalline state, hydrogen
bonds were chosen as supramolecular synthons. In this context, salicylic derivatives at the C2
atom of thiazolopyrimidines were synthesized. The crystal structures of the obtained compounds
were established by SCXRD. The regularities of the solvent’s influence on the crystal packaging
were revealed. The conditions for the preparation of crystals with the chiral space group due to
intermolecular hydrogen bonds were discovered.

Keywords: thiazolo[3,2-a]pyrimidines; solid state structure; hydrogen bonds; non-centrosymmetric crystals

1. Introduction

In the 21st century, cancer ranks first among noncommunicable diseases (NCDs) that
have a significant impact on extending of the human life [1]. In this respect, it is still highly
challenging to develop new medicaments able to act against a wide variety of cancers and
suppress a large range of pathogens. The determination of the structure of such molecules,
especially in the crystalline phase, plays an important role in the study of conformational
and supramolecular behavior of such species that eventually can afford the development
of new synthetic strategies in rational design of such type of compounds aimed to improve
their biological activity [2].

In recent years, thiazolopyrimidines (Figure 1) have attracted growing interest as
new antitumor agents due to their high inhibiting activity of the tumor cells replication
process [3–7].
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Figure 1. Structure of thiazolo[3,2-a]pyrimidines modified by X, Y, Z, and W sites. 

Their molecular structure can be easily modified by varying the number and nature 
of substituents (aromatic, aliphatic, heterocyclic, etc.) at the four main sites (stated as X, Y, 
Z and W on Figure 1) for adjusting antitumor activity. The methylene group disposed at 
the second position of the thiazolidine fragment can be considered as one of the most at-
tractive for functionalization because of its high activity in condensation reactions, espe-
cially when combined with either aromatic or heterocyclic aldehydes. It was shown that 
the products obtained by this method can exhibit a wide range of biological activity, i.e., 
they can act as antitumor agents [8,9] and act as effective growth inhibitors of the Bcl-2 
protein that protects the tumor cells from many types of apoptosis [10,11], CDC25 phos-
phatase that plays a key role in the regulation of the cell reproduction cycle and is usually 
observed in many types of cancer, casein kinase, and protein kinase [12,13]. Some exam-
ples of inhibition of ISPF proteins of Mycobacterium tuberculosis, Plasmodium falcipa-
rum, and A. thaliana by such type of compounds were also reported [14]. 

It is well-known that the majority of biologically active substances used in medicine 
to treat humans or animals contain chiral centers in their molecular structure, generating 
optical isomerism. In most cases, only one of the enantiomers has the necessary biological 
activity [15–17]. The presence of another chiral antipode in the medicament composition 
may cause or enhance some side effects or even harm the health of a recipient. Thus, the 
development of separation methods for racemic mixtures of chiral molecules in order to 
obtain a pure enantiomer form is of great importance [18–20]. 

Due to the presence of an asymmetric carbon atom in the C5 position, thiazolopyrim-
idines can exist in both R- and S-enantiomeric forms. (Figure 2). 

 
Figure 2. R- and S-enantiomeric forms of thiazolo[3,2-a]pyrimidine derivatives. 

Some examples of thiazolo[3,2-a]pyrimidine derivatives bearing 2-arylidene groups 
have been already encountered in the literature [14,21–41]. The X-ray diffraction analysis 
of these compounds revealed that all the obtained structures present a racemic mixture 
(centrosymmetric crystals). Only one attempt to separate enantiomers by the HPLC 
method on the chiral stationary phase was reported [14]. It was found that the obtained 
enantiopure compounds were stable individual substances for more than one week at 
room temperature. The chiral seeded crystallization, so-called entrainment crystallization 
method [42], is one of the efficient procedures to separate racemic mixtures. In order to 
realize this approach, the experimental conditions for the ccrystallization of a racemic 
compound as a conglomerate, i.e., as a mechanical mixture of crystals of individual enan-
tiomers, must be established. A prerequisite for such separation is the attempt to crystal-
lize the racemic compounds in Sohncke space groups. 

In this paper, we report synthesis and crystal structures of new 2-arylidene thia-
zolo[3,2-a]pyrimidines derivatives (1–3) (Scheme 1) functionalized by proton-

Figure 1. Structure of thiazolo[3,2-a]pyrimidines modified by X, Y, Z, and W sites.

Their molecular structure can be easily modified by varying the number and nature of
substituents (aromatic, aliphatic, heterocyclic, etc.) at the four main sites (stated as X, Y, Z
and W on Figure 1) for adjusting antitumor activity. The methylene group disposed at the
second position of the thiazolidine fragment can be considered as one of the most attractive
for functionalization because of its high activity in condensation reactions, especially when
combined with either aromatic or heterocyclic aldehydes. It was shown that the products
obtained by this method can exhibit a wide range of biological activity, i.e., they can act as
antitumor agents [8,9] and act as effective growth inhibitors of the Bcl-2 protein that protects
the tumor cells from many types of apoptosis [10,11], CDC25 phosphatase that plays a key
role in the regulation of the cell reproduction cycle and is usually observed in many types
of cancer, casein kinase, and protein kinase [12,13]. Some examples of inhibition of ISPF
proteins of Mycobacterium tuberculosis, Plasmodium falciparum, and A. thaliana by such
type of compounds were also reported [14].

It is well-known that the majority of biologically active substances used in medicine
to treat humans or animals contain chiral centers in their molecular structure, generating
optical isomerism. In most cases, only one of the enantiomers has the necessary biological
activity [15–17]. The presence of another chiral antipode in the medicament composition
may cause or enhance some side effects or even harm the health of a recipient. Thus, the
development of separation methods for racemic mixtures of chiral molecules in order to
obtain a pure enantiomer form is of great importance [18–20].

Due to the presence of an asymmetric carbon atom in the C5 position, thiazolopyrim-
idines can exist in both R- and S-enantiomeric forms. (Figure 2).
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Figure 2. R- and S-enantiomeric forms of thiazolo[3,2-a]pyrimidine derivatives.

Some examples of thiazolo[3,2-a]pyrimidine derivatives bearing 2-arylidene groups
have been already encountered in the literature [14,21–41]. The X-ray diffraction analysis
of these compounds revealed that all the obtained structures present a racemic mixture
(centrosymmetric crystals). Only one attempt to separate enantiomers by the HPLC method
on the chiral stationary phase was reported [14]. It was found that the obtained enantiopure
compounds were stable individual substances for more than one week at room temperature.
The chiral seeded crystallization, so-called entrainment crystallization method [42], is one of
the efficient procedures to separate racemic mixtures. In order to realize this approach, the
experimental conditions for the ccrystallization of a racemic compound as a conglomerate,
i.e., as a mechanical mixture of crystals of individual enantiomers, must be established.
A prerequisite for such separation is the attempt to crystallize the racemic compounds in
Sohncke space groups.

In this paper, we report synthesis and crystal structures of new 2-arylidene thiazolo[3,2-a]
pyrimidines derivatives (1–3) (Scheme 1) functionalized by proton-donor/acceptor hy-
droxyl group in D-fragment (Figure 1). The crystallization from protic/aprotic solvents
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such as EtOH or DMSO were also applied in order to control the self-assembly of chiral
molecules in the crystal phase. The role of intermolecular H-bonding between thiazolo[3,2-
a]pyrimidines and co-crystallized solvents molecules at the formation of racemic or ho-
mochiral crystalline phases will be discussed.
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Scheme 1. Hydroxybenzylidene)thiazolo[3,2-a]pyrimidines 1–3.

2. Materials and Methods
2.1. Synthesis and Crystallization

All reagents (Acros Organics (Geel, Belgium), Alfa Aesar (Ward Hill, MA, USA)) were
used without further purification. The synthesis of the starting 1,2,3,4-tetrahydropyrimidine-
2-thions and thiazolo[3,2-a]pyrimidines was carried out according to well-known methods
in the literature [43–47]. The preparation of target 2-(2-hydroxybenzylidene)thiazolo[3,2-a]
pyrimidines 1–3 consists of three stages. The first stage is a three-component Biginelli con-
densation between appropriate aldehyde (1 mmol) (benzaldehyde, 2-methoxybenzaldehyde,
4-methoxybenzaldehyde), thiourea (1.5 mmol), and acetoacetic ether (1 mmol) in the pres-
ence of a catalytic amount of molecular iodine (0.03 mmol) at refluxing in acetonitrile for
10 h. The second stage is the reaction of the obtained 1,2,3,4-tetrahydropyrimidine-2-thions
(1 mmol) with ethyl chloroacetate (5 mmol) in solvent-free conditions at 110 ◦C for 2 h. At
the final stage of the presented pathway, thiazolo[3,2-a]pyrimidines (1 mmol) reacts with
salicylic aldehydes (1 mmol) in the presence of a 1% solution of sodium hydroxide and a
catalytic amount of pyrrolidine in ethanol for 10 h.

2.1.1. Synthesis of Ethyl (Z)-2-(2-Hydroxybenzylidene)-7-Methyl-3-Oxo-5-Phenyl-2,3-
Dihydro-5H-Thiazolo[3,2-a]Pyrimidine-6-Carboxylate, Compound 1

A mixture containing ethyl 7-methyl-3-oxo-5-phenyl-2,3-dihydro-5H-thiazolo[3,2-a]
pyrimidine-6-carboxylate (0.32 g, 1 mmol), 2 drops of pyrrolidine, and salicylic aldehyde
(0.134 g, 1.1 mmol) dissolved in 5 mL ethanol was stirred for 10 h at 80 ◦C. After 10 min of
heating, the solution turned red. The precipitate formed after cooling down the reaction
mixture to room temperature; it was then filtered out and washed with ethanol (20 mL).
Compound 1: yield 80%, mp 215–218 ◦C; IR (KBr, cm−1): 3371 (OH), 3299 (OH), 1702
(C=O), 1682 (C=O), 1546, 1159, 1081, 754. MALDI-TOF: 421.2 [M]+. 1H NMR (DMSO-d6,
600 MHz) δ 1.12 (3H, t, J = 12, CH3), 2.39 (3H, s, CH3), 3.99–4.09 (2H, m, OCH2), 6.05 (1H,
s, CH), 6.93–6.97 (2H, m, Ar-H), 7.28–7.38 (7H, m, Ar-H), 7.96 (1H, s, C=CH), 10.58 (1H, s,
OH). 13C NMR (DMSO-d6, 151 MHz) δ 13.8, 22.4, 54.7, 60.2, 108.5, 116.2, 118.2, 119.8, 127.4,
128.5, 128.7, 131.5, 132.6, 137.2, 140.4, 151.3, 156.7, 157.2, 164.5. See supplementary materials
(Figures S1–S5).

Slow evaporation of the ethanol solution containing dissolved Compound 1 formed
monocrystals suitable for SCXRD after 5 days.

2.1.2. Synthesis of Ethyl (Z)-2-(2-Hydroxybenzylidene)-5-(4-Methoxyphenyl)-7-Methyl-3-
Oxo-2,3-Dihydro-5H-Thiazolo[3,2-a]Pyrimidine-6-Carboxylate, Compound 2

A mixture containing ethyl 5-(4-methoxyphenyl)-7-methyl-3-oxo-2,3-dihydro-5H-
thiazolo[3,2-a]pyrimidine-6-carboxylate (0.35 g, 1 mmol), 2 drops of pyrrolidine, and
salicylic aldehyde (0.134 g, 1.1 mmol) dissolved in 5 mL ethanol was stirred for 10 h
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at 80 ◦C, leading to a red solution. After removing half of the solvent in a vacuum and
cooling the mixture to 0 ◦C for 12 h, yellow precipitate was formed, filtered out, and washed
with ethanol. Compound 2: yield 76%, mp 242–244 ◦C; IR (KBr, cm−1): 3412 (OH), 1717
(C=O), 1707 (C=O), 1512, 1157, 762. IR (KBr, cm−1): 3434 (OH), 1709 (C=O), 1600, 1542, 1173,
745. MALDI-TOF: 451.6 [M]+. 1H NMR (DMSO-d6, 600 MHz) δ 1.13 (3H, t, J = 12, CH3),
2.38 (3H, s, CH3), 3.71 (3H, s, OCH3), 3.99–4.08 (2H, m, OCH2), 5.99 (1H, s, CH), 6.88–6.96
(4H, m, Ar-H), 7.21–7.23 (2H, m, Ar-H), 7.29–7.36 (2H, m, Ar-H), 7.96 (1H, s, C=CH), 10.63
(1H, br. s, OH). 13C NMR (DMSO-d6, 151 MHz) δ 14.4, 22.9, 54.8, 55.6, 60.6, 107.3, 112.5,
116.6, 118.8, 120.3, 120.5, 127.7, 128.1, 129.1, 130.4, 131.4, 133.1, 151.1, 156.4, 157.5, 158.0,
165.0, 165.8. See supplementary materials (Figures S6–S11).

Slow evaporation of the ethanol (or DMSO) solution containing dissolved Compound 2
formed monocrystals 2a and 2b, respectively, suitable for SCXRD after 5 days.

2.1.3. Synthesis of Ethyl (Z)-2-(2-Hydroxybenzylidene)-5-(2-Methoxyphenyl)-7-Methyl-3-
Oxo-2,3-Dihydro-5H-Thiazolo[3,2-a]Pyrimidine-6-Carboxylate, Compound 3

A mixture containing ethyl 5-(2-methoxyphenyl)-7-methyl-3-oxo-2,3-dihydro-5H-
thiazolo[3,2-a]pyrimidine-6-carboxylate (0.35 g, 1 mmol), 2 drops of pyrrolidine, and
salicylic aldehyde (0.134 g, 1.1 mmol) dissolved in 5 mL ethanol was stirred for 10 h
at 80 ◦C, leading to a red solution. After removing half of the solvent in a vacuum and
cooling the mixture to 0 ◦C for 12 h, yellow precipitate was formed, filtered out, and washed
with ethanol. Compound 3: yield 85%, mp 187–190 ◦C; IR (KBr, cm−1): 3434 (OH), 1709
(C=O), 1600, 1542, 1173, 745. MALDI-TOF: 451.6 [M]+. 1H NMR (DMSO-d6, 600 MHz) δ
1.14 (3H, t, J = 12, CH3), 2.29 (3H, s, CH3), 3.72 (3H, s, OCH3), 3.99–4.04 (2H, m, OCH2), 6.17
(1H, s, CH), 6.90–7.01 (4H, m, Ar-H), 7.25–7.37 (4H, m, Ar-H), 7.89 (1H, s, C=CH), 10.51 (1H,
s, OH). 13C NMR (DMSO-d6, 151 MHz) δ 14.3, 22.7, 53.7, 56.0, 60.6, 107.3, 112.5, 116.6, 118.8,
120.3, 120.5, 127.7, 128.1, 129.1, 130.4, 131.4, 133.1, 151.1, 156.4, 157.5, 158.0, 165.0, 165.8. See
supplementary materials (Figures S12–S17).

Slow evaporation of the ethanol solution containing dissolved Compound 3 formed
monocrystals suitable for SCXRD after 5 days.

An Ultraflex III TOF/TOF mass spectrometer (Bruker Daltonik GmbH, Bremen,
Germany) in linear mode was used to register mass spectra. P-nitroaniline and 2,3-
dihydroxybenzoic acid were used as matrices.

NMR experiments were performed on Bruker Avance instruments with an operating
frequency of 400, 500, and 600 MHz for shooting 1H and 13C NMR spectra, two-dimensional,
and low-temperature experiments. Chemical shifts were determined relative to the signals
of residual protons of the CDCl3 or DMSO-d6 solvents.

IR spectra in KBr tablets were recorded on a Bruker Vector-22. The melting points
of the substances were determined on a BOETIUS heating block with a visual device
RNMK 05.

The X-ray diffraction study of the crystals 2a and 3 was performed at the “Belok/XSA”
beamline of the Kurchatov Synchrotron Radiation Source [48,49]. Diffraction patterns were
collected using Mardtb goniometer (marXperts GmbH, Werkstraße 3, 22844 Norderstedt,
Germany) equipped with Rayonix SX165 CCD (Rayonix LLC, 1880 Oak Ave UNIT 120,
Evanston, IL, USA) 2D positional sensitive CCD detector (λ = 0.7450 Å, ϕ-scanning in 1.0◦

steps). All data were collected at 100 K.
X-ray diffraction analysis of crystal solvates 1 and 2b was performed on a Bruker D8

QUEST automatic three-circle diffractometer with a PHOTON III two-dimensional detector
and an IµS DIAMOND microfocus X-ray tube (λ[Mo Kα] = 0.71073 Å) at 100 (2) K. Data col-
lection and processing of diffraction data were performed using APEX3 software package.

All structures were solved by the direct method using the SHELXT program [50] and
refined by the full-matrix least squares method over F2 using the SHELXL program [51].
All calculations were performed in the WinGX software package [52]. The calculation of the
geometry of molecules and intermolecular interactions in crystals was carried out using the
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PLATON program [53], and the drawings of molecules were done using the ORTEP-3 [52]
and MERCURY [54] programs.

Non-hydrogen atoms were refined in the anisotropic approximation. The positions
of the hydrogen atoms H(O) were determined using difference Fourier maps, and these
atoms were refined isotropically. The remaining hydrogen atoms were placed in geomet-
rically calculated positions and included in the refinement in the “riding” model. The
crystal of Compound 2b is a solvate with DMSO (1:1); crystal 1-solvate with ethanol (1:1).
The crystal of Compound 1 is pseudo-centrosymmetric; it was interpreted in the non-
centrosymmetric space group P21 with two independent molecules 1 and two ethanol
molecules. The PLATON program proposes a centrosymmetric space group P21/c with
one molecule of Compound 1 and an ethanol molecule. An attempt to transfer the structure
to a centrosymmetric group did not lead to success. The ethoxycarbonyl substituent and
the solvate molecules diverged strongly in the structure. R factors in the centrosymmetric
space group cannot be obtained below 18%. In addition, systematic absences in the h0l
reflections were not observed. As a result, the structure was refined only in the noncen-
trosymmetric space group. The absolute structure of crystal 1 was not established due to
pseudo-centrosymmetric crystal (racemic twin), and in structure 3, due to the poor quality
of the crystal, the Flack parameter [55] was calculated with a high error, and the absolute
structure was not determined. Crystallographic data of structures 1–3 were deposited at
the Cambridge Crystallographic Data Center; deposition numbers and the crystallographic
data are given in Table 1.

Table 1. Crystallographic data for synthesized Compounds 1–3.

Compound 1 (from Ethanol) 2a (from Ethanol) 2b (from DMSO) 3 (from Ethanol)

Molecular formula C23H20N2O4 S, C2H6O C24H22N2O5S C24H22N2O5S, C2H6OS C24H22N2O5S

Formula C25H26N2O5S C24H22N2O5S C26H28N2O6S2 C24H22N2O5S

Formula Weight 466.54 450.50 528.62 450.50

Crystal System monoclinic triclinic monoclinic orthorhombic

Space group P21 P-1 (P1bar) P21/c P212121

Cell parameters

a = 11.7398(16) Å,
b = 21.619(3) Å,
c = 9.6209(13) Å;
β = 108.231(4)◦

a = 6.6700(13) Å,
b = 11.210(2) Å,
c = 14.630(3) Å;
α = 77.42(3)◦

β = 77.45(3)◦

γ = 78.96(3)◦

a = 9.6076(8) Å,
b = 17.8987(15) Å,
c = 14.7477(12) Å;
β = 101.158(3)◦

a = 7.7520(16) Å,
b = 12.147(2) Å,
c = 22.309(5) Å;

V [Å3] 2319.2(6) Å3 1030.1(4) Å3 2488.1(4) Å3 2100.7(7) Å3

Z and Z′ 4 and 2 2 and 1 4 and 1 4 and 1

D(calc) [g/cm3] 1.336 1.452 1.411 1.424 Γ·CM−3

λ (Å) (MoKα) 0.71073 0.7450 (MoKα) 0.71073 0.7450

µ [/mm] 0.179 MM−1 0.221 MM−1 0.260 MM−1 0.217 MM−1

F(000) 984 472 1112 944

Theta Min-Max [Deg] 1.9–26.5◦ 2.0–30.0◦ 2.2–30.0◦ 1.9–26.3◦

Reflections measured 75,170 19,400 118,981 11,919

Independent reflections 9502 5168 7251 3699

Observed reflections
[I > 2σ(I)] 8409 4893 6494 1821

Goodness of fit 0.997 1.03 1.04 0.986
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Table 1. Cont.

Compound 1 (from Ethanol) 2a (from Ethanol) 2b (from DMSO) 3 (from Ethanol)

R [I > 2σ(I)] R1 = 0.0277,
wR2 = 0.0702

R1 = 0.0353,
wR2 = 0.0936

R1 = 0.0307,
wR2 = 0.0818

R1 = 0.0848,
wR2 = 0.1582

R (all reflections) R1 = 0.0341,
wR2 = 0.0719

R1 = 0.0368,
wR2 = 0.0951

R1 = 0.0352,
wR2 = 0.845

R1 = 0.1879,
wR2 = 0.2041

Max. and Min. Resd.
Dens. [e/Å−3] 0.216 and −0.182 e Å−3 0.41 and −0.24 e Å−3 0.52 и −0.34 e Å−3 0.32 and −0.34 e Å−3

Flack parameter 0.48(5) (racemic twin,
BASF 0.4785) - - 0.4(3)

Depositor numbers in
CCDC 2,155,259 2,155,261 2,155,263 2,155,264

3. Results and Discussion

To the best of our knowledge, to date, the crystal structures 7-Methyl-3-oxo-5-phenyl-
2,3-dihydro-5H-1,3-thiazolo[3,2-a]pyrimidine-6-carboxylates are rather scarcely presented
in the literature. In the Cambridge Structural Database [56], there are only 23 struc-
tures (Figure 3) containing 7-Methyl-3-oxo-2,3-dihydro-5H-1,3-thiazolo[3,2-a]pyrimidine-6-
carboxylate fragment [14,21–41].
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According to single-crystal XRD data analysis, the bicyclic thiazolo[3,2-a]pyrimidine
fragment is found almost flat in all reported compounds. Six-membered cycle adopts the
sofa conformation; the sp3 carbon atom C5 deviates slightly from the plane formed by
other five atoms (0.341–0.378 Å). Ethoxycarbonyl and benzylidene substituents are also
in the plane of the bicyclic fragment. Apparently, a long electron conjugated system from
the ethoxycarbonyl group through the six-membered cycle, the carbonyl group, and the
benzylidene substituent of a five-membered cycle is realized in these molecules according
to XRD data.

Crystallization of a racemic compound as a conglomerate, i.e., a mechanical mixture
of individual enantiomers crystals, is an effective way for the enantiomeric separation
from technological and economical perspectives [56]. Through this work, we attempted to
determine the experimental conditions for such crystallization of this type of compounds.

Usually, molecules intrinsically are prone to crystallize in symmetric, achiral nonpolar
space groups that favor the minimization of dipole moments and close packing in crystal
phase. Due to the anisotropic nature and complementarity, hydrogen bonds can be con-
sidered as efficient supramolecular synthons [57] for the design of chiral supramolecular
assemblies. The construction of the chiral crystals from achiral molecules based on control
on self-assembly of chiral 2D hydrogen-bonded layers was described recently [58]. In
this aspect, the use of salicylic derivatives at the C2 atom of the bicyclic system seems
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a very promising approach to achieve generation of the chiral crystalline phase when
interacting with either each other or solvent molecules acting as supplemental H-bond
donors or acceptors.

The preparation of four single crystals of new compounds suitable for X-ray diffraction
was successfully completed using slow evaporation techniques from ethanol (for 1, 2a, 3)
and DMSO (for 2b). The crystal structures of the obtained crystals were studied using
SCXRD, which revealed that all four compounds displayed the conformation behavior
of a bicyclic system and the geometric parameters of the molecules similar to the parent
compounds. Some selected crystallographic data are presented in Table 1. Aryl fragments
in the Z-substituent are located in the axial position. The same molecular conformation is
observed in all structures reported earlier. Hence, the geometry of molecules will not be
discussed below. Particular attention will be focused on the description of crystal packings
formed by intermolecular H-bonding.

Compound 1 with phenyl substituent at the C5 atom forms a non-centrosymmetric
crystal solvate with ethanol. The asymmetric part consists of two enantiomers (R and S)
of Compound 1 (1A and 1B) and two ethanol molecules. Molecule A is the S isomer, and
molecule B is the R isomer. As was noted in the Experimental section, the PLATON pro-
poses to translate the structure into a centrosymmetric space group with one independent
molecule. However, an attempt to refine this structure in a centrosymmetric group was not
successful. As a result, crystal packing analysis of 1 reveals a non-centrosymmetric system
of hydrogen bonds. The hydrogen bonding between Compound 1 and solvate molecules
of ethanol leads to the generation of two parallel homochiral chains (dO11A-O26A = 2.639(3)
Å, dO26A-N8 = 2.748(3) Å), each composed of only R-isomers or S-isomers (Figure 4).

In the case of the OMe para-substituted derivative 2, single-crystal XRD revealed the
formation of two types of solvates obtained from ethanol 2a and DMSO 2b. A unit cell of
2a presents a centrosymmetric space group and consists of one independent molecule of
heterocycle (Figure 5) showing, in this case, no chiral discrimination.

No solvate molecules were found in the crystal of 2a. The formation of a non-
centrosymmetric crystalline solvate with ethanol was not observed. This fact can be
associated with steric factor. The H-bonding between two heterocyclic molecules leads to
the formation of a centrosymmetric supramolecular dimer crystallized in triclinic space
group P-1 (Figure 5) displaying the O-H . . . O distances equal to 2.696(3) Å and 3.219(2) Å.

Crystals of Compound 2 obtained from DMSO solution also turned out to be cen-
trosymmetric monoclinic and present solvates with one DMSO molecule. They form the
1D-system of intermolecular hydrogen bonds between the hydroxyl group of 2 and the sol-
vent molecule (Figure 6 (dO-O = 2.664 (1) Å) and nonclassical CH . . . O H-bonding between
methoxy C26-atom and O3-atomcarbonyl group of thiazole moiety (dC-O = 3.077(1) Å).
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bonds and π-stacking are shown by red and violet dotted lines, respectively.
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Figure 6. Portion of crystal structure of rac-2b showing formation of 1D zigzag chain consisting of R-
and S- isomers and ensured by intermolecular nonclassical CH . . . O H-bonding between methoxy
carbon atom and oxygen of carbonyl group of thiazole moiety (view along c axis). Hydrogen bonds
are shown in red dotted lines.
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Slow crystallization of ortho-isomer 3 from ethanol led to the conglomerate formation
in the Sohncke space group P212121 with one independent molecule in the asymmetric
part. It should be noted that although crystal 3 is obtained from ethanol solution, it does
not contain solvate molecules. Due to the poor diffracting ability of the small crystals of
Compound 3, its crystal structure was established using the synchrotron source of X-rays.
It was discovered that the crystal of 3 is composed of only one enantiomer. The system of
hydrogen bonds in this crystal is a one-dimensional zigzag chain of molecules. In this case,
a different system is implemented than in the previous cases—O11-H . . . N8 (d = 2.66(1) Å)
and O11-H . . . S1 type (d = 3.132(9) Å) (Figure 7).
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In addition, one may notice that the formation of observed H-bonded supramolecular
architectures in the studied crystal structures of obtained thiazolo[3,2-a]pyrimidines can
also be related with OMe group position in the Z-substituent, leading to a change in electron
density distribution within the molecule. However, in this case, the OMe-group can be
considered as a weak H-donor, for which interaction with strong H-acceptors such as
an oxygen atom of a carbonyl fragment does not play a dominant role in the formation
of the crystal packing where the OH groups are involved in the formation of infinitive
crystalline structure.

4. Conclusions

In this work, new derivatives of 2-(2-hydroxybenzylidene)thiazolo[3,2-a]pyrimidines
1–3 with phenyl and ortho-/para-anisyl substituents at the C5 atom were obtained. The crys-
tal structures of all synthesized compounds have been established by SCXRD. The regulari-
ties of the solvent’s influence on the crystal packaging of obtained compounds were studied.
The conditions for the preparation of crystals with Sohncke space group due to intermolec-
ular hydrogen bonds were determined. Such a system of hydrogen bonds in the crystal
gives the possibility for enantiomer’s discrimination of this compound by crystallization
condition optimization. It was demonstrated that enantiomeric molecules of thiazolo[3,2-
a]pyrimidines can be crystallized into racemic or chiral forms. It was shown that hydrogen
bonding can be a driving force for the generation of chiral supramolecular assemblies,
and crystals in the Sohncke space group P212121 was obtained. Thus, it could be consid-
ered as the first step of enantiomeric separation of 2-(2-hydroxybenzylidene)thiazolo[3,2-
a]pyrimidines for further investigation of their antitumor activity.
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Supplementary Materials: The following supporting information can be downloaded at: https://www.
mdpi.com/article/10.3390/cryst12040494/s1, Figure S1: 1H NMR spectrum of compound 1 (DMSO-d6,
600 MHz); Figure S2: MALDI TOF spectrum of compound 1 (matrix: p-nitroaniline); Figure S3: IR
spectrum of compound 1 (KBr tablet); Figure S4: DSC curves of crystal 1; Figure S5: HRMS spectrum
of compound 1; Figure S6: 1H NMR spectrum of compound 2 (DMSO-d6, 600 MHz); Figure S7: 13C
NMR spectrum of compound 2 (DMSO-d6, 600 MHz); Figure S8: MALDI TOF spectrum of compound 2
(matrix: p-nitroaniline); Figure S9: IR spectrum of compound 2 (KBr tablet); Figure S10: DSC curves of
crystal 2; Figure S11: HRMS spectrum of compound 2; Figure S12: 1H NMR spectrum of compound 3
(DMSO-d6, 600 MHz); Figure S13: 13C NMR spectrum of compound 3 (DMSO-d6, 600 MHz);
Figure S14: MALDI TOF spectrum of compound 3 (matrix: p-nitroaniline); Figure S15: IR spectrum
of compound 3 (KBr tablet); Figure S16: DSC curves of crystal 3a; Figure S17: HRMS spectrum of
compound 3.
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