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Abstract: Thiazolopyrimidines are attractive to medical chemists as new antitumor agents due to
their high inhibitory activity against the replication process of tumor cells and the easy modification
of their structure by changing the number and nature of substituents. The presence of asymmetric C5
carbon atoms requires the development of racemic mixture separation procedures for these heterocy-
cles. One of the most effective methods is the crystallization of a racemic compound in the form of
a conglomerate. The prerequisite for such separation is the construction of chiral, supramolecular
ensembles in the crystalline state. Halogen-π interactions were chosen as supramolecular synthons.
In this context, ethyl 7-methyl-3-oxo-2,3-dihidro-5H-thiazolo[3,2-a]pyrimidine-6-carboxylate con-
taining a 4-bromophenyl fragment at C5 was synthesized. The crystal structure of the resulting
compound was established using SCXRD. The role of the halogen-π interaction on the formation of
one-dimensional homochiral chains is revealed.

Keywords: thiazolo[3,2-a]pyrimidines; π-halogen interactions; X-ray crystallography

1. Introduction

Thiazolo[3,2-a]pyrimidines, especially those that are 2-substituted, are promising
structural fragments for the development of drugs, including anti-cancer drugs, in addition
to their huge synthetic potential[1–3]. The structure of thiazolo[3,2-a]pyrimidine is quite
easily modified by the introduction of new binding centers, which is extremely necessary
to optimize the interaction of the ligand with the active center of the biotarget [4]. The
presence of an asymmetric carbon atom, C5, determines the existence of two enantiomers
(R- and S-isomers). One of the methods of separation for racemic compounds is the method
of crystallization with a chiral seed: the so-called method of crystallization by attraction [5].
To implement this approach, it is necessary to establish experimental conditions for the
crystallization of a racemic compound in the form of a conglomerate, i.e., in the form of a
mechanical mixture of crystals of individual enantiomers. The formation of non-covalent,
supramolecular [6–8]—or, in this case, halogen—interactions can lead to the formation of
such crystal structures.

There are various synthetic approaches for obtaining derivatives of thiazolo[3,2-
a]pyrimidines (Scheme 1). The most common approach is the cyclization of 3,4-
dihydropyrimidine-2-thions 1 using biselectrophilic building blocks, which are most
often halogen-containing: α-bromoketones, chloroacetic acid, 1,2-dichloroethane, and
terminal alkynes [9–18].
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Scheme 1. Synthetic approaches for obtaining derivatives of thiazolo[3,2-a]pyrimidines. 

2. Results and Discussion 
The target compound 7 was obtained with a high yield (90%) by a sequence of two 

reactions: three-component Biginelli condensation and the condensation of the resulting 
1,2,3,4-tetrahydropyrimidine-2-thion 6 with ethyl chloroacetate. The initial condensation 
of acetoacetic ether, thiourea, and 4-brombenzaldehyde was carried out without a solvent 
at 120 °C. The subsequent condensation was also carried out in the absence of a solvent at 
120 °C in a 5-fold excess of an alkylating agent (Scheme 2) [19–21]. 

 
Scheme 2. Synthesis of ethyl 5-(4-bromophenyl)-7-methyl-3-oxo-2,3-dihidro-5H-thiazolo[3,2-a]py-
rimidine-6-carboxylate. 

The structure of compound 7 was unambiguously confirmed using 1H and 13C NMR 
spectroscopy (see Figures S1 and S2), ESI mass spectrometry (see Figure S3), and single-
crystal X-ray diffraction (Table S1). According to a single-crystal XRD data analysis, the 
bicycles tiazolo[3,2-a]pyrimidine fragment is found almost flat (Figure 1a). A six-mem-
bered cycle adopts the sofa conformation; the sp3 carbon atom C5 deviates slightly from 
the plane formed by other five atoms. The ethoxycarbonyl substituent is lying also in the 
plane of the bicyclic fragment. In crystal, the formation of n-π bonding is observed involv-
ing the Br-atom belonging to phenyl substituent at the C5 atom and С13 atom (dBr1…C13 = 
3.379(1) Å, φ = 145.21(4)°). It is interesting to note that the established n-π interaction leads 
to the formation of homochiral chains of in the crystalline phase (Figure 1b). Homochiral 
chains consisting of one particular R- or S-isomer due to π-stacking are arranged parallel 
to each other (Figure 1c). Thus, it was discovered that the n-π interactions between the 

Scheme 1. Synthetic approaches for obtaining derivatives of thiazolo[3,2-a]pyrimidines.

2. Results and Discussion

The target compound 7 was obtained with a high yield (90%) by a sequence of two
reactions: three-component Biginelli condensation and the condensation of the resulting
1,2,3,4-tetrahydropyrimidine-2-thion 6 with ethyl chloroacetate. The initial condensation of
acetoacetic ether, thiourea, and 4-brombenzaldehyde was carried out without a solvent at
120 ◦C. The subsequent condensation was also carried out in the absence of a solvent at
120 ◦C in a 5-fold excess of an alkylating agent (Scheme 2) [19–21].
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Scheme 2. Synthesis of ethyl 5-(4-bromophenyl)-7-methyl-3-oxo-2,3-dihidro-5H-thiazolo[3,2-
a]pyrimidine-6-carboxylate.

The structure of compound 7 was unambiguously confirmed using 1H and 13C NMR
spectroscopy (see Figures S1 and S2), ESI mass spectrometry (see Figure S3), and single-
crystal X-ray diffraction (Table S1). According to a single-crystal XRD data analysis, the
bicycles tiazolo[3,2-a]pyrimidine fragment is found almost flat (Figure 1a). A six-membered
cycle adopts the sofa conformation; the sp3 carbon atom C5 deviates slightly from the plane
formed by other five atoms. The ethoxycarbonyl substituent is lying also in the plane of
the bicyclic fragment. In crystal, the formation of n-π bonding is observed involving the
Br-atom belonging to phenyl substituent at the C5 atom and C13 atom (dBr1 . . . C13 = 3.379(1)
Å, ϕ = 145.21(4)◦). It is interesting to note that the established n-π interaction leads to the
formation of homochiral chains of in the crystalline phase (Figure 1b). Homochiral chains
consisting of one particular R- or S-isomer due to π-stacking are arranged parallel to each
other (Figure 1c). Thus, it was discovered that the n-π interactions between the brom atom
and the carbon atom of the phenyl substituent determined the crystal packing of 7.
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tetrahydropyrimidine-2-thion coincided with the literature [22]. 

Figure 1. ORTEP view of molecule 7 in the crystalline phase (a) (Br, C, O, N, S, and H-atoms are
presented as brown, grey, red, light-violet, yellow, and light grey ellipsoids with a 50% probability,
respectively), a mutual orientation of R-isomers of 7 within the zigzag homochiral chain formed
by Br1 . . . C13 n-π interaction (b), and a portion of crystal packing of 7 showing the formation of
parallel R- and S-homochiral chains along b axis (colored in blue and red, respectively) (c) (H-atoms
are omitted for clarity).

3. Materials and Methods

NMR experiments were performed on Bruker Avance instruments with an operating
frequency of 500 MHz for shooting 1H and 13C NMR spectra. Chemical shifts were
determined relative to the signals of residual protons of the CDCl3. Electrospray ionization
(ESI) mass spectra were obtained using a Bruker AmaZon X ion trap mass spectrometer. IR
spectra in KBr tablets were recorded on a Bruker Vector-22.

Ethyl 4-(4-bromophenyl)-6-methyl-2-thioxo-1,2,3,4-tetrahydropyrimidine-5-carboxylate
was synthesized.

Acetoacetic ether (1 mmol), 4-brombenzaldehyde (1 mmol), and thiourea (1.5 mmol)
were fused at 120 ◦C without solvent for 8 h. Organic residue was recrystallized from
ethanol (30 mL). The precipitate was filtered, washed with a small amount of methanol
(5 mL), and dried in air. The data from the 1H and 13C NMR spectroscopy of the obtained
tetrahydropyrimidine-2-thion coincided with the literature [22].

Ethyl 5-(4-bromophenyl)-7-methyl-3-oxo-2,3-dihydro-5H-thiazolo[3,2-a]pyrimidine-
6-carboxylate 7 was synthesized.
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1,2,3,4-Tetrahydripyrimidine-2-thion 6 (1 mmol) was mixed with ethyl chloroacetate
(5 mmol) without a solvent. The mixture was stirred at a temperature of 120 ◦C for 1 h. It
was then cooled to room temperature, and ethyl acetate (20 mL) was added and filtered out.
The precipitate was washed with ethyl acetate and recrystallized from ethyl alcohol. To
obtain thiazolo[3,2-a]pyrimidine 7 as a base, 10 mL of chloroform and 10 mL of 1M aqueous
NaOH solution were added to 1 mmol of the formed hydrochloride and stirred at room
temperature for 1 h. The organic part was then separated, dried over anhydrous sodium
sulfate, and evaporated on rotary evaporators affording a light orange oil. TLC Rf = 0.4
(CHCl3 with 1% EtOH)

1H NMR (500 MHz, DMSO-d6, 25 ◦C) δH ppm: 1.11 (t, J = 7.1 Hz, 3H, OCH2CH3),
2.35 (s, 3H, CH3), 4.00–4.03 (m, 2H, OCH2CH3), 4.12 (d, J = 4 Hz, 2H, CH2), 5.86 (s, 1H,
CH-Ar), 7.20–7.22(d, J = 8.4 Hz, 2H, CH (Ar)), 7.54–7.56 (d, J = 8.5 Hz, 2H, CH (Ar)). 13C
NMR (100 MHz, DMSO-d6, 25 ◦C) δC ppm: 14.36, 22.95, 33.04, 54.59, 60.53, 107.17, 122.10,
130.15, 132.04, 140.44, 152.52, 161.59, 165.28, 171.51. IR (KBr, cm−1): 2977 (CH2); 1741 (C=O);
1709 (C=O); 1619; 1536; 1237; 836; 752. MS (ESI), m/z, [M+H]+: calcd. for C16H16BrN2O3S+:
396,28; found: 397,07. Anal. Calcd. for C16H15BrN2O3S, %: C 48.62, H 3.83, Br 20.21; N 7.09;
O 12.14, S 8.11. Found C 48.45, H 3.76, Br 20.47; N 7.18; O 12.26, S 7.88.

Crystals of 7 suitable for X-ray diffraction study were obtained by the slow evaporation
of a tetrahydrofuran solution (20 mL) containing 0.02 mol of dissolved compound after
2 days.

An X-ray diffraction analysis of 7 was performed on a Bruker D8 QUEST automatic
three-circle diffractometer with a PHOTON III two-dimensional detector and an IµS DIA-
MOND microfocus X-ray tube (λ[Mo Kα] = 0.71073 Å) at cooling conditions. Data collection
and the processing of diffraction data were performed using APEX3 software package.

Structure 7 was solved by the direct method using the SHELXT program [23]. It was
refined by the full-matrix least squares method over F2 using the SHELXL program [24].
All calculations were performed in the WinGX software package [25]. The calculations
of the geometry of molecules and intermolecular interactions in crystals were carried out
using the PLATON program [26]. The drawings of molecules were performed using the
OR-TEP-3 [25] and MERCURY [27] 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 geometrically
calculated positions and included in the refinement in the “riding” model. Crystallo-
graphic data of structure 7 was deposited at the Cambridge Crystallographic Data Center;
registration numbers and the most important characteristics are provided in Tables S1–S4.

4. Conclusions

In this work, a new racemic ethyl 5-(4-bromophenyl)-7-methyl-3-oxo-2,3-dihydro-
5H-thiazolo[3,2-a]pyrimidine-6-carboxylate (7) was obtained and characterized, including
by single crystal X-ray diffraction (SCXRD). It was shown that the generation of one-
dimensional, homochiral, supramolecular assembly in the crystalline phase of 7 can be
achieved due to weak n-π interactions involving the halogen Br-atom of a phenyl sub-
stituent at the C5 atom. Thus, this work can be considered the first step in searching for
the proper conditions for the chiral separation of thiazolo[3,2-a]pyrimidine derivatives—
potentional anti-tumor agents—via chiral discrimination.

Supplementary Materials: The following supporting information can be downloaded. Figure S1:
1H NMR spectrum of compound 7 (DMSO-d6, 500 MHz, 25 ◦C); Figure S2: 13C NMR spectrum of
compound 7 (DMSO-d6, 100 MHz, 25 ◦C); Figure S3: ESI MS spectrum of compound 7 (Ion Polarity:
Positive); Table S1: Crystallographic data for compound 7; Table S2: Bond distances and angles
of asymmetric C5 atom in studied compounds, established by SCXRD for 7; Table S3: Selected
bond distances and dihedral angles for studied compounds 7 established by SCXRD; Table S4: The
distances between the bromine atom and the 4-bromophenyl fragment present in the crystals of the
studied compound.
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