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Abstract: The aim of this study was to use a different synthetic route for the preparation
of 5-methyl-5-benzyl hydantoin by modifying the Bucherer-Berg reaction. This different
route for the synthesis led to improvement in reaction time, purity of the compound, and
practical yield. The synthesized compound was characterized spectroscopically by IR, 'H,
13C NMR, and mass spectrometry. The X-ray diffraction method was used to determine
the chemical structure. The experimental data from X-ray analysis were compared with
theoretically calculated data by DFT analysis.
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1. Introduction

Hydantoins are a class of compounds containing a hydantoin substructure as a scaffold.
Hydantoins or imidazolidine-2,4-diones are a five-membered heterocycles. Recently, too
many reviews have been devoted to the synthesis and pharmacological and biological
application of hydantoin derivatives [1-4]. Interest in synthetic methods for the preparation
of hydantoins is increasing worldwide due to their widespread use in medicine [5-17].
They have focused on all the methods existing in chemistry, ranging from the first historical
reactions of Bilz, Ried, or Bucherer—Berg to the more modern multicomponent reactions
(MCR) that have been used to create thousands of hydantoin compounds [18-24]. In 1932,
Herbst [25] synthesized 5-methyl-5-benzyl hydantoin and studied it by elemental analyses
and melting point. So far, a detailed description of the compound, such as crystal structure,
IR, and NMR spectra, has not been published.

In the present study, a new synthetic route for the synthesis of 5-methyl-5-benzyl
hydantoin, as well as its spectral investigation and crystal structure, is presented.

2. Results and Discussion

The Herbst method includes the reaction of phenylacetone with ammonium cyanide to
1-amino-1-methyl-2-phenylethanonitril, followed by interaction with potassium cyanate [25].
The obtained urea derivative is acidifying to 5-methyl-5-benzyl hydantoin.

We synthesized 5-methyl-5-benzyl hydantoin by using the Bucherer—Berg reaction,
which belongs to the multiple-component reaction. The preparation of the compound was
performed by heating an aqueous ethanol solution (1:1) of phenylacetone with sodium
cyanide and ammonium carbonate (Scheme 1) at 60 °C. The title compound obtained by
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the Bucherer-Berg reaction enhanced the reaction time to 24 h as well as the purity and
yield until comparable with the Herbst method.

o

60°C, 24h NH
+ NaCN + (NH,CO3 oo oh HN—(
o) ° Y

Scheme 1. Synthetic route for preparation of 5-methyl-5-benzyl hydantoin.

In the IR spectrum of the compound, an NH stretching vibration is observed at
3109 cm !, which corresponds to hydrogen-bonded NH groups. Its calculated frequency
(by the DFT method) is in the range of 3535-3520 cm~!. The experimental frequency for
the C=0 stretcher appears as a strong band at 1748 cm~! and as a shoulder at 1732 cm ™!,
which is in good agreement with the literature data [26]. The theoretical values for the
stretched modes of the C=0O groups are at 1791 cm~! and 1755 cm~!. Aromatic C=C
and C-H stretching frequencies are observed in the typical aromatic vibrational range
(Figure S1).

Two doublets (AB quartet, ] = 15.5 Hz) are observed in the 'H NMR spectra at 3.16
and 2.94 ppm for the diastereotopic CH, group protons. The chemical shifts of the aromatic
protons are at 7.34, 6.91, and 6.81 ppm. The signals at 7.94 and 10.36 ppm are due to the N-H
hydantoin protons (NH-1) and (NH-3). In the 13C spectrum, the signals for the carbonyl
groups—C=0-2 and C=0-4 are at 178.0 and 156.6 ppm, respectively. The carbon C-5 of the
hydantoin ring is at 63.3 ppm (Figures S2 and S3).

Compound 5-methyl-5-benzyl hydantoin crystallized from 50% ethanol solution in the
monoclinic space group Pn with two molecules per asymmetric unit (ASU) and a total of
four molecules in the unit cell (Z = 4, Z’ = 2, Table S1). ORTEP view [27] of the molecules in
the ASU are given in Figure 1a. Values for bond lengths, angles, and torsion angles derived
from the structural analysis are given in Tables S2-54 and are comparable to those of other
similar compounds [28-30]. The principal features of the molecular structure of compound
5-methyl-5-benzyl hydantoin include hydantoin, toluyl moieties, and asymmetric (inver-
sion) center at atoms C51 and C52. The difference between the two molecules present in the
asymmetric unit is in the rotation of the hydantoin ring around (C7-C5). This is clearly seen
from the overlay of the two independent molecules present in the ASU (Figure 1b). The
direct overlay of the hydantoin moieties produces an alignment root-mean-square deviation
(RMSD) value of 1.632 A. When inversion is applied, the alignment RMSD value between
the moieties is 0.088 A. The hydantoin moiety is rich in hydrogen bond donors (2 x N-H)
and hydrogen bond acceptors (2 x C=0); therefore, the presence of hydrogen bond interac-
tions is anticipated. The strength of the hydrogen bonding interactions depends not only on
the specific donor-acceptor combination but also on the hydrogen bond length and bond
angles. Therefore, strong hydrogen bonding interactions are considered those with H.--A
distances less than 2 A (D---A distances less than 2.8 A) and D—H---A angles between 170°
and 180° [31,32]. Indeed, the crystal structure of 5-methyl-5-benzyl hydantoin is stabilized
by four strong intermolecular hydrogen bonding interactions of N-H:--O=C type with H:--A
distances between 1.81 and 1.93 A and D—H_--A angles between 159° and 176° (Figure 2a
and Table 1). Moreover, two additional weak hydrogen bonding interactions of C-H---O=C
type are detected (C61—H61A---O42 and C61—H61B---O41) with H---A distances between
2.53 and 2.67 A and D—H:--A angles between 137° and 153° (Figure 2a and Table 1). Short
intermolecular contacts of C-H...C and C-H. ..O type with distances shorter than the vd W
radii of the involved atoms are also present. Other non-covalent interactions, such as -7t
interactions between conjugated systems, are not detected. The combination of hydrogen
bond interactions and short contacts defines the specific three-dimensional arrangement
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of the molecules in the crystal structures. As seen from the projections perpendicular to
the c-axis and b-axis, the molecules of 5-methyl-5-benzyl hydantoin are joined into pseudo
layers (Figure 2b,c).

(b)

Center of inversion
at atoms
C51, C52

Alignment RMSD Alignment RMSD
without inversion = 1.632 A with inversion = 0.088 A

Figure 1. ORTEP view [27] of the molecules in the asymmetric unit (ASU) in the crystal structure of
compound X at 50% probability level—(a,b) overlay of the two independent molecules in the ASU,
emphasizing the chirality at atoms C51 and C52.

@) c PLL

Figure 2. Visualization of the intermolecular hydrogen bonding interactions stabilizing the crystal
structure of X—(a) and three-dimensional packing of the molecules of X with views perpendicular to
c-axis (b) and b-axis (c) showing the pseudo layering. Hydrogen atoms are given in light green for clarity.
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Table 1. Hydrogen-bond geometry.

D—H---A D—H, A H--A, A D--A, A D—H---A,°
N32—H32---041 1 1.02 (3) 1.81 (3) 2.831 (3) 176 (3)
N31—H31.--042 il 0.91 (4) 1.88 (4) 2.781 (5) 173 (3)

N12—H12---021 0.91 (4) 1.92 (5) 2.789 (4) 159 (4)
N11—H11---022 v 0.92 (5) 1.93 (5) 2.835 (5) 166 (4)
C61—H61A---042'1 0.96 (4) 2.53 (5) 3.409 (5) 153 (3)
C61—H61B---041 v 0.96 (4) 2.67 (5) 3.444 (5) 137 (2)

Symmetry codes: (i) x, 1 +y, +z; (ii) +x, =1 +y, +z; (iii) —1/2+x,1 -y, =1/2+ 2z (iv) 1/2+x,1 -y, 1/2 + z.

To study the molecular structure, we used the DFT methodology in the gas phase. The
computational study was conducted at the B3LYP/6-311++G** level of the theory [33,34],
implementing the Gaussian03 suite of programs [35]. DFT methods, and in particular
the B3LYP functional in combination with extended basis sets, have proven reliable for
structure prediction and frequency calculations of large numbers of species, including
molecules, anions, radicals, ions, and complexes [36-39]. The optimized structure is shown

in Figure 3.

J
B3LYP/6-311++G**

Figure 3. Optimized structure of the compound.

Table 2 presents select experimental and theoretical geometric parameters of
the compound.

Table 2. Selected geometric parameters.

Parameters Exp. Theor.
Bond lengths (A)
Cp2-Opo 1.21 1.21
Cp-Nyp 1.35 1.37
Cy2-Oyp 1.20 1.21
Cygo-Nyp 1.33 1.36
Crp-Cgo 1.51 1.53
Cs52-Cpp 1.54 1.55
Angles (°)
N12-C5p-Cegp 111.7 111.8
N12-Cs55-Cry 111.4 113.2
N3-Cyp-Csp 107.7 106.4
O2-Cr-N3p 128.6 128.9
Oy-Cyp-N3p 125.7 127.2
Dihedral angles (°)
C42-C52-C72-C82 —53.4 58.4
C62-C52-N12—C22 —123.8 —119.3

N12-C52-C72—C82 —56.3 53.9
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The optimized structural parameters regarding bond lengths and angles agree reason-
ably well with those obtained by X-ray diffraction. The distances between the atoms do
not differ by more than 0.02 A. A significant deviation is observed when comparing the
theoretical data for dihedral angles in the gas phase with those determined experimentally
by X-ray structure analysis.

The reason for the observed deviations from the theoretically predicted dihedral angles
(which correspond to an isolated molecule in the gas phase) is the presence of moderately
strong intermolecular interactions in the solid state.

3. Materials and Methods

Phenylacetone is a trade product. Melting point was determined on BUCHI 535
(BUCHI Labortechnik AG, Meierseggstrasse 40, Switzerland) melting point system. The
IR spectrum was recorded on Thermo Scientific Nicolet iS10 spectrophotometer (Thermo
Fisher Scientific, Waltham, MA 02451, USA) in the range of 4000400 cm~! as Attenuated
Total Reflection Fourier Transform Infrared Spectroscopy (ATR-FTIR). 'H and '*C NMR
spectra were registered on Bruker Avance 500 (500 MHz) spectrometer in DMSO-dg as a
solvent. The mass spectrum of the compound was recorded on LC-MS (Thermo Scientific q
Exactive Plus—Dionex 3000RSLC).

3.1. Preparation of 5-Methyl-5-Benzyl Hydantoin (Ours Modification)

Phenylacetone (13.4 g, 0.1 mol) was dissolved in a mixture of 60 mL ethanol and 60 mL
water. To the solution, we added 7.4 g (0.15 mol) NaCN and 13.2 g (0.15 mol) (NH4),COs.
The solution was heated at 60 °C and stirred for 24 h. After that, the reaction mixture was
acidified in a strong ventilation hood with conc. HCI to pH = 6-6.5 and cooled to room
temperature. The resulting crystals were filtered off and re-crystallized from 50% ethanol
and dried. Yield of recrystallized product was 14.24 g (69.3%). M.p. 228-229 °C [18] M.p.
227-228 °C. IR: 3109; 1748; 1732; 1628; 1575; 1533. 'H NMR (500 MHz, DMSO-dg): 10.36 (s,
1H, NH-3); 7.98 (s, 1H, NH-1); 7.34 (d, 2H, ] = 7 Hz, H-ortho); 6.91 (t, 2H, ] = 7 Hz, H-metha);
6.81 (t, 1H, ] = 7 Hz, H-para); 3.16, 2.94 (AB quartet, 2H, | = 15.5 Hz, CHj); 1.32 (s, 3H,
CH3). 13C NMR (125 MHz, DMSO-dg): 178.0 (C-4); 156.6 (C-2); 137.1 (C,-CH,); 127.8, 127.0,
125.7 (C-arom.); 63.3 (C-5); 37.5 (CHy); 24.1 (CHj3). Mass spectrum: M + H* = 205.09675
(Figure S3).

3.2. Single-Crystal X-Ray Diffraction Analysis

Colorless block-shaped crystals of 5-Methyl-5-benzyl hydantoin were obtained with
slow evaporation from 50% ethanol. A suitable single crystal (0.35 x 0.25 x 0.15 mm?)
was selected and mounted on a nylon loop using an oil-based cryoprotectant. Diffraction
data were collected at 290 K on a SupernovaDual diffractometer equipped with an Atlas
CCD detector and micro-focus MoKa X-ray source (A = 0.71073). Data were processed with
CrysalisPro software ver. 1.171.36.32 [40]. Data were corrected for absorption effects using
multi-scan method. The structure was solved with direct methods (ShelxS ver. 2019 [41])
and refined with the full-matrix least-squares method on F? (ShelxL 2019/1 [42]) utilizing
Olex2 ver. 1.5 graphical user interface [43]. All carbon, nitrogen, and oxygen atoms were
located from electron density maps and were refined anisotropically. Hydrogen atoms
attached to carbon atoms were placed on calculated positions and refined using the riding
model: Ueq = 1.2 for C-Haromatic = 0.93 A and C-Hinethylenic = 0.97 A and Ueq = 1.5 for
C—Hmethyl =0.96 A. Nitrogen-bonded hydrogen atoms were placed from electron density
maps and refined isotropically. Molecules present in the asymmetric unit (ASU) were
visualized using ORTEP-3 ver. 2020.1 software [27]. Illustrations concerning the hydrogen
bonding interactions and three-dimensional arrangement of the molecules in the crystal
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structure were made using CCDC Mercury ver. 4.0 [44]. Data collection and refinement
parameters are given in Table S1. Values for bond lengths, bond angles, and torsion angles
are given in Tables 52-54. Complete crystallographic data for the reported structure were
deposited in the CIF format with the Cambridge Crystallographic Data Centre as ref. code
2408740. These data can be obtained free of charge via www.ccdc.cam.ac.uk/structures
(accessed on 9 December 2024).

4. Conclusions

A different synthetic route was used to synthesize 5-methyl-5-benzyl hydantoin to
improve the reaction time, purity, and practical yield compared to the Herbst method. The
compound was characterized spectroscopically by IR, 'H, 13C NMR, and mass spectra.
The crystal structure of the compound was determined by X-ray diffraction analysis. DFT
methodology in the gas phase was used to investigate the molecular structure of the
compound. A good agreement has been found between calculated and experimental
structural parameters.

Supplementary Materials: Figure S1: Experimental IR spectrum of the compound; Figure S2: 'H
NMR spectrum; Figure S3: 13C NMR spectrum of the compound; Figure S4: Mass spectrum of
the compound; Table S1: Crystal data and structure refinement for the compound; Table S2: Bond
lengths; Table S3: Bond angles; Table S4: Torsion angles; Table S5: Data of 1H and 13C NMR spectra
of the compound.
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