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Resumen: 

La hidantoina del ácido L-aspártico, C5H6N2O4, cristaliza en el sistema ortorrómbico con grupo espacial  P212121 (Nº19), 
Z=4, y parámetros de celda unidad a= 7,597(1) Å, b= 8,591(1) Å, c= 9,447(1) Å, V= 616,6(2) Å3. En la estructura 
cristalina de este compuesto, las moléculas están unidas por enlaces de hidrógeno del tipo N---H···O y O---H···O, 
creando estructuras en cadenas y ciclos con grafos C(4), C(6), C(8), R3

3(15), R4
4(20) que forman una red tridimensional 

Palabras clave: Estructura cristalina por difracción de rayos-X; enlaces de hidrógeno; hidantoinas 

Abstract 

Hydantoin-L-aspartic acid, C5H6N2O4, crystallize in the orthorhombic system with space group P212121 (Nº19), Z=4, 
and unit cell parameters a= 7.597(1) Å, b= 8.591(1) Å, c= 9.447(1) Å, V= 616.6(2) Å3. In the crystal structure of the title 
compound the molecules are joined by N---H···O and O---H···O hydrogen bonds into chain and cyclic structures with 
graph-set C(4), C(6), C(8), R3

3(15), R4
4(20) forming a three-dimensional network. 

Keywords: X-ray diffraction crystal structure; hydrogen bonding; hydantoin 
 
Introduction 

The hydantoin or imidazolidine-2,4-dione heterocycle is a 
common 5-member  ring containing a reactive cyclic urea 
core1,2. This heterocycle is present in a wide range of 
biologically active compounds including therapeutic drugs 
for the treatment of seizures and antitumor compounds3. 
Phenytoin (5,5-diphenylhydantoin, Dilantin®) is one of 
the oldest non-sedative antiepileptic drugs, which is 
employed in cases of generalized neural seizures 
(epilepsy) and focal motor seizures4,5. 

Moreover, this heterocycle represents a significant 
molecular template in combinatorial chemistry libraries6-8, 
due principally to the four possible points of substitutions.  

For the other hand, the biocatalitic conversion of 5-
subtituted hydantoins to amino acids has received 
considerable attention recently for their potential 
applications in the industrial productions of optically pure 
amino acids9,10, and for these reasons, there has been 
greatly interest in the search of new synthetic routes to 
preparing hydantoin derivatives11-15. 

As complexation to a metal ion usually modifies the 
biological activity of a ligand, the coordination properties 
of hydantoins could produce promising biologically active 
substances. However, to the best of our knowledge only 
few metal complexes with hydantoins are known in the 
literature16-18. 

In continuation of our previous investigation on N-
carbamoyl, hydantoin and thiohydantoin natural α-amino 
acids derivative compounds19-27, the present work is 
focused on the synthesis, crystal and molecular structure of 
hydantoin-L-aspartic acid, a new derivative of the α-amino 
acid L-aspartic acid. The absolute structure for this 
compound is reported using data collected with a Cu 
source, and the analysis of the hydrogen bond patterns is 
also discussed. 

Experimental  

Synthesis 

The title compound was synthesized from the pure α-
amino acid using a methodology previously reported19,20, 
4.3 mmol of L-aspartic acid were dissolved in 20 mL of 
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water and the solution was acidified with concentrated HCl 
(37% v/v) to pH= 5. Then, 12.9 mmol of KOCN were 
added to this solution. The mixtures were warmed up, with 
agitation, to 60 °C, during 4 h. The resultant solutions 
were acidified with HCl to pH= 2 and agitated during 4 h, 

until the precipitation of a white solid en each case (see 
scheme 1). The solid was filtered and washed with cool 
water. Colorless crystals suitable for X-ray diffraction 
analysis were obtained by slow evaporation in a 1:1 
methanol-water solution (m.p. 487-488K).

 
Scheme 1: Synthesis of hydantoin-L-aspartic acid from the pure amino acid 
 

FT-IR and NMR analysis 

FT-IR (KBr) ν cm-1, 3360 [t, O-H], 3202 [t, N-H], 1759 [t, 
C=O], 1707 [t, C=O], 1434 [t, C-N]. 
1H NMR (400 MHz, DMSO-d6) δ =12.52 (s, H8), 10.64 (s, 
H3), 7.89 (s, H1), 4.20 (t, H5), 2.64 (s, H6B), 2.63 (s, H6A). 
13C NMR (100.6 MHz, DMSO-d6) δ =175.44 (C4), 171.04 
(C7), 157.70 (C2), 54.40 (C5), 35.43 (C6). 

X-ray powder diffraction 

X-ray powder diffraction pattern was collected, at room 
temperature, in a Phillips PW-1250 goniometer using 
monocromatized CuKα radiation. A small quantity of 
hydantoin-L-aspartic acid was ground mechanically in an 
agate mortar and pestle and mounted on a flat holder 
covered with a thin layer of grease. The specimen was 
scanned from 10-60° 2, with a step size of 0.02° and 
counting time of 15s. Silicon was used as an external 
standard. X-ray powder pattern is show in Figure 1. The 20 
first measured reflections were completely indexed using 
the program Dicvlo0428, which gave a unique solution in 
an orthorhombic cell with parameters a = 7.60 Å, b = 8.59 
Å, c = 9.44 Å in a P-type cell. In order to confirm the unit 
cell parameters, a Le Bail refinement29 of the whole 
diffraction pattern without structural was carried out using 
the Fullprof program30. Figure 1 shows a very good fit 
between the observed and calculated patterns. 

X-ray single-crystal crystallography 

Colorless rectangular crystal of hydantoin-L-aspartic acid 
with dimensions 0.52×0.21×0.20 mm3 was used for data 
collection. This compound crystallizes in the orthorhombic 
system (space group P212121) Diffraction data were 
collected at 296(2) K by ω-scan technique on a Bruker 
SMART APEX II CCD diffractometer31 equipped with 
CuKα radiation (λ = 1.5418 Å).  

  
Figure 1: X-ray powder diffraction data for hydantoin-L-
aspartic acid. The powder pattern was refined without structural 
model to confirm the unit cell parameters. 

The data were corrected for Lorentz-polarization and 
absorption effects32. The structure was solved by direct 
methods using the SHELXS97 program33 and refined by a 
full-matrix least-squares calculation on F2 using 
SHELXL9733. All H atoms were placed at calculated 
positions and treated using a riding model, with C-H 
distances 0.96-0.98 Å and Uiso(H) = 1.2Ueq(C)], N-H 0.86 
Å and Uiso(H) = 1.2Ueq(N)]. The absolute structure of 
hydantoin-L-aspartic acid was assigned from the known 
configuration of the starting material L-aspartic acid. 
CuKα radiation used in this study improves the anomalous 
dispersion effects. Crystallographic data for the structure 
reported here have been deposited with the Cambridge 
Crystallographic Data Centre (Deposition No. CCDC-
865398). The data can be obtained free of charge via 
http://www.ccdc.cam.ac.uk/perl/catreq.cgi (or from the 
CCDC, 12 Union Road, Cambridge CB2 1EZ, UK; Fax: 
+44 1223 336033; e-mail: deposit@ccdc.cam. ac.uk). 
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Results and discussion 

Hydantoin-L-aspartic acid crystallizes in a non-centro-
symmetric space group preserved the L-configuration of 
the starting amino acid. Figure 2 shows the molecular 
structure and the atom-labeling scheme of the title 
compound, generated using DIAMOND program34. Table 
1 summarizes the crystal data, intensity data collection and 
refinement details for the title compound. Selected 
geometrical parameters are given in Table 2. All 
geometrical calculations were done using the program 
PLATON35. Table 3 shows the hydrogen bonding 
geometry for the title compound. 

Table 1: Crystal data, data collection and structure refinement 

Crystal data  
Empirical formula C5H6N2O4 
Formula weight 158.12 
Crystal system, space group Orthorhombic, P212121 
Unit cell parameters  
a (Å) 7.597 (1) 
b (Å) 8.591 (1) 
c (Å) 9.447 (1) 
Volume (Å3) 616.6(2) 
Z, calculated density (mg/m3) 4, 1.703 
Absorption coefficient (mm-1) 1.308 
F000 328 
Crystal size (mm3) 0.52 x 0.21 x 0.20 
Data collection  

Temperature (K) 296 (2) 
Diffractometer Bruker SMART APEX II 

CCD 
Radiation (Å) Cu K 
θ range for data collection (°) 7.0-66.6 
hkl range -8≤h≤8, -10≤k≤9, -10≤l≤5 
Reflections collected/unique 4346/987 
Rint 0.040 
Reflections observed [I > 2(I)] 947 
Max. and min. transmission 0.780 and 0.550 
Refinement  

Reflections/parameters 987/102 
Goodness-of-fit on F2 1.02 
Final R indices [I > 2(I)] R1 = 0.036, wR2 = 0.107 
R indices (all data) R1 = 0.041, wR2 = 0.116 
Largest diff. peak and hole (e/Å)-3) 0.29 and -0.33 
CCDC deposit no. 865398 

Table 2: Selected geometrical parameters (Å, º) 
O2-C2 1.227(4) O4-C4 1.214(4) 
N3-C2 1.383(4) N3-C4 1.356(4) 
N1-C2 1.334(4) N1-C5 1.449(4) 
C7-O7 1.208(4) C7-O8 1.332(4) 
N1-C2-O2 126.8(3) N3-C2-O2 125.5(3) 
N3-C4-O4 126.0(3) C5-C4-O4 127.3(3) 
C5-N1-C2-O2 175.7(3) C4-N3-C2-O2 179.1(3) 
C5-C6-C7-O8 166.4(3) C4-C5-C6-C7 -53.0(4) 

 
Figure 2: The molecular structure of (I), showing the atomic 
numbering scheme. Displacement ellipsoids are drawn at 35% 
probability level. H atoms are shown as spheres of arbitrary radii. 

Table 3: Hydrogen bonds geometry (Å, º) for (I). (D-donor; A-

acceptor; H-hydrogen). 

D--H···A D--H H···A D···A D--H·A 
N1--H1···O8(i) 0.86 2.15 3.013 (4) 178 
N3--H3···O4(ii) 0.86 1.99 2.839 (3) 168 
O8--H8···O2(iii) 0.82 1.81 2.617 (3) 165 

Symmetry codes: (i) -x,1/2+y,1/2-z, (ii 1/2+x,3/2-y,1-z, (iii)-1+x,y,z 

The hydantoin ring is essentially plane with a maximal 
deviations of 0.055 (1) Å in O2 and -0.028 (4) Å in N1. 
The dihedral angle between the hydantoin and the 
carboxylate plane is 88.8 (2)°. The organic molecule 
adopts a gauche conformation. 
The N1--C2--O2 bond angle 126.8(2)° is slightly greater 
than the N3--C2--O2 angle 125.5 (3)° (Table 2). This 
difference is also observed in the 50 others hydantoin 
derivatives reported in the Cambridge Structural Database, 
CSD version 5.33 updates (August 2012)36, including the 
hydantoin α-amino acid derivatives hydantoin-glycine37 
and hydantoin-L-phenylalanine21, and the recently reported 
structure of hydantoin-L-proline26.  

The molecular structure and crystal packing of hydantoin-
L-aspartic acid (I) is stabilized by intermolecular N--H···O 
and O--H···O hydrogen bonds (Table 3 and Figure 3).  

The O7 atom is the only one not involved in hydrogen 
bonds. The three hydrogen bonds form infinite chains; N1-
--H1···O8 (-x, 1/2 + y, 1/2-z) form chains along the [001] 
direction, which can be described in graph-set notation as 
C(6) [29], N3---H3···O4 (1/2+x, 3/2-y, 1-z) form chains 
along the [001] direction with graph-set C(4) and O8---
H8···O2 (-1+x, y, z) form chains along the [010] direction 
(Figure 3). 
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Additionally, these hydrogen bonds form different rings 
with graph-set R3

3(15)38 with 3 molecules involved, two N-
-H···O and one O--H···O hydrogen bonds, and graph-set 

R4
4(20) with two N--H···O and two O--H···O hydrogen 

bonds (Figure 2). The combination of these interactions 
produces a three-dimensional hydrogen bond network. 

 
Figure 3: Packing view of (I). Intermolecular hydrogen bonds, N--H···O and O--H···O, are indicated by dashed lines. H atoms not 
involved in hydrogen bonding have been omitted for clarity. 
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