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y biological processes is based on molecular 
ich various classes of chemical compounds are 
esses of crystal formation can serve as models 
 phenomena in biosystems.1 In particular, 
ed to separate racemic drugs into enantiomers, 
 usually exhibit different pharmacological 
the other hand, tetrahydroimidazo[4,5-d]
3H)-diones (glycolurils) are capable of 
lecular assemblies and supermolecules of 
ity upon crystallization from different 
h can lead to spontaneous resolution of 
nantiomers (conglomerate formation).15–17 

 carboxylic acids also possess such 
,16 (Figure 1). The ability of racemates to 
lution is very important for obtaining 

enantiomerically pure glycolurils with various types of biological 
activity.8,18–21 

In this work, novel conglomerates were unexpectedly formed 
during crystallization of racemates, namely, (2'S,3aS,6aR)/
(2'R,3aR,6aS)-(2,5-dioxohexahydroimidazo[4,5-d]imidazol-
1(2H)-yl)-3-methylbutanoic acid 1a and (2'S,3aS,6aS)/
(2'R,3aR,6aR)-4,6-dimethyl-2,5-dioxohexahydroimidazo[4,5-d]
imidazol-1(2H)-yl)pentanoic acid 1b. New compounds 1a,b 
were synthesized by highly diastereoselective α-ureidoalkylation 
of corresponding racemic 2-ureidoalkyl acids with 
4,5-dihydroxyimidazolidin-2-ones 2a,b (Schemes 1, 2). In the 
synthesis of racemate 1a, racemic 3-methyl-2-ureidobutanoic 
acid 3a was used. Racemate 1b was prepared from dl/meso 
mixture 2b + 2'b and racemic 2-ureidopentanoic acid 3b (see 
Scheme 2). The reactions were accompanied by formation of 
hydantoins 4a,b as a result of intramolecular cyclization of 
2-ureidoalkyl acids 3a,b. Earlier,22,23 a similar approach to 
obtain enantiomerically pure (S)- and (R)-2-(2,5-dioxohexa
hydroimidazo[4,5-d]imidazol-1(2H)-yl)-3-methylbutanoic acid 
and (S)-4,6-dimethyl-2-(2,5-dioxohexahydroimidazo[4,5-d]
imidazol-1(2H)-yl)pentanoic acid was used, however, the 
relative configuration of chiral centers C(3a) and C(6a) in those 
glycolurils was not established by X-ray study. 

The starting compounds 2a and 2b + 2'b mixture (dl/meso 
ratio 15 : 1) were synthesized from urea or 1,3-dimethylurea, 
respectively, and 40% aqueous glyoxal according to the 
literature.24,25 The ratio of diastereomers was determined from 
the integral intensity of signals for the protons of CH–CH groups 
in the 1H NMR spectra (4.53 ppm for 2b and 4.76 ppm for 2'b, 
both s, 1H). The synthesis of new racemic 2-ureidoalkyl acids 
3a,b was carried out starting from (R,S)-Val or (R,S)-nor-Val 
and KOCN (see Schemes 1 and 2). 
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We investigated the crystallization of racemates 1a and 1b 
from H2O, MeOH, PriOH and a H2O/PriOH mixture. Single 
crystals 1a and 1b were obtained from a H2O/PriOH (1 : 1) mixture 
and from MeOH, respectively. Their X-ray diffraction analysis 
(Figure 2)† showed them to crystallize as conglomerates in non-
centrosymmetric space groups Pna21 and P212121 with two and 
one symmetry-independent molecules, respectively. Owing to the 
different substituents at the carbon atom C(5), the isopropyl or the 
propyl group, these compounds feature an important difference in 

their molecular geometry, which is the rotation of the COOH 
group relative to the C(2)–C(5) bond. The corresponding torsion 
angle N(1)C(5)C(6)O(3) being much higher in 1a [76.0(4) and 
77.3(4)° in its two symmetrically-independent molecules] than in 
1b [23.6(3)°] may be attributed to the steric effect of the bulky 
isopropyl group in the former compound. 

Two extra methyl groups at the nitrogen atoms in molecule 1b 
results in its supramolecular organization being different from 
that in 1a. In both cases, the main structural motif is an infinite 
chain (Figure 3) formed via a hydrogen bond between the 
hydroxyl group and that of the carboxy groups of the heterocyclic 
core [O∙∙∙O 2.596(5) and 2.557(2) Å, OHO 173.8(2) and 
171.64(11)° in 1a and 1b, respectively]. In case of 1a, they hold 
together different symmetry-independent molecules that 
alternate to produce a 3D-framework through hydrogen bonds 
of  three NH groups [N∙∙∙O 2.779(6)–3.013(5) Å, NHO  
149.1(3)–176.6(3)°] and oxygen atoms of the carboxy groups. In 
case of 1b, however, the only NH group is hydrogen-bonded to 
the oxygen atom of the COOH functionality [N∙∙∙O 3.089(3) Å, 
NHO 149.52(12)°], thereby additionally stabilizing the above 
infinite chains. 

In conclusion, new racemates 1a,b of glycoluril alkanoic acid 
chemotype were found to crystallize as conglomerates (as gauged 
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Scheme  1  Reagents and conditions: i, glyoxal, H2O, pH 10–11, 50–55 °C, 7.5 h (refs. 24, 25); ii, H2O, KOCN, reflux, 20 min, then 10 °C, HCl; 
iii, H2O : PriOH (1 : 1), HCl, reflux, 2 h.
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Scheme  2  Reagents and conditions: i, glyoxal, H2O, pH 11, 50–55 °C, 5 h; ii, H2O, KOCN, reflux, 20 min, then 10 °C, HCl; iii, H2O : PriOH (1 : 1), HCl, 
reflux, 2 h.

†	 Crystal data for 1a. C9H14N4O4, M = 242.24, orthorhombic, space 
group Pna21, at 120 K, a = 14.5941(14), b = 7.1221(7) and 
c = 22.150(2) Å, V = 2302.3(4) Å3, Z = 8, dcalc = 1.398 g cm–3, 
F(000) = 1024. Intensities of 20691 reflections were measured with a 
Bruker APEX2 DUO CCD diffractometer [l(MoKa) = 0.71073 Å, 
m(MoKa) = 1.11 cm–1, ω-scans, 2q < 54°], and 5010 independent 
reflections were used for the structure solution and refinement. Final R 
factors: R1 = 0.0616 for 3915 observed reflections with I > 2s(I ), 
wR2 = 0.1607 and GOF = 0.996 for all the independent reflections.
	 Crystal data for 1b. C11H18N4O4, M = 270.29, orthorhombic, 
space  group P212121, at 120 K, a = 9.7011(6), b = 11.1901(7) and 
c = 12.0069(8) Å, V = 1303.42(14) Å3, Z = 4, dcalc = 1.377 g cm–3, 
F(000) = 576. Intensities of 13038 reflections were measured with a 
Bruker APEX2 DUO CCD diffractometer [l(MoKa) = 0.71073 Å, 
m(MoKa) = 1.06 cm–1, ω-scans, 2q < 56°], and 3133 independent 
reflections were used for the structure solution and refinement. Final R 
factors: R1 = 0.0409 for 2826 observed reflections with I > 2s(I ), 
wR2 = 0.1159 and GOF = 1.072 for all the independent reflections.
	 Using Olex2,26 the structures were solved with the ShelXT27 structure 
solution program using Intrinsic Phasing and refined with the XL2428 
refinement package using Least-Squares minimisation. Hydrogen atoms 
of the OH and NH groups were found in difference Fourier synthesis 
while positions of other hydrogen atoms were calculated, and they all 
were refined in the isotropic approximation within the riding model. 
	 CCDC 2089267 (1a) and 2089265 (1b) contain the supplementary 
crystallographic information for this paper. These data can be obtained 
free of charge from The  Cambridge Crystallographic Data Centre via 
http://www.ccdc.cam.ac.uk.
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Figure  2  General view of (a) molecule 1a and (b) molecule 1b. Hereinafter, 
hydrogen atoms except those of OH and NH groups are omitted, and non-
hydrogen atoms are shown as thermal ellipsoids at 50% probability level. 
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by space groups Pna21 and P212121). The key difference between 
these two compounds, which is the different rotation of the 
COOH group relative to the C(2)–C(5) bond, may be attributed 
to the steric effect of the bulky isopropyl group in 1a. 

X-ray diffraction data were collected using the equipment of 
Center for molecular composition studies of INEOS RAS with 
the financial support from Ministry of Science and Higher 
Education of the Russian Federation.
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(a) (b)

Figure  3  Fragments of the crystal packing of (a) molecules 1a and 
(b)  molecules 1b illustrating the formation of hydrogen-bonded chains 
along the crystallographic axes b and a, respectively. 


