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Resumen 

El c ompuesto C 7H9N3O3S, también c onocido c omo rac-N-acetil-5-propionamida-2-tioxo-imidazolidin-4-ona, 
cristaliza en el sistema monoclínico con grupo espacial P21/n (N°14), Z =  4,  y pa rámetros de celda un idad: a= 
9.338 (7) Å, b= 7.545 (5) Å , c= 13.212 (10) Å, = 97.10 (2)°, V= 932.8 (12) Å3. El plano del grupo acetil y el  
plano del grupo ureido forman un ángulo de 81.0 (2)°. En la estructura supramolecular, las moléculas se mantienen 
unidas po r e nlaces de  h idrógeno de l t ipo N --H···O m ediante estructuras cíclicas representadas po r l os gra fos 
R2

2(14) y R2
2(16), formando una red tridimensional. 
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Abstract 

The titl e c ompound, C 7H9N3O3S, a lso kn own a s rac-N-acetyl-5-propionamide-2-thioxo-imidazolidin-4-one, 
crystallize in the monoclinic system with space group P21/n (Nº14), Z=4, and unit cell parameters a= 9.338 (7) Å, b= 
7.545 (5) Å, c= 13.212 (10) Å, = 97.10 (2)°, V= 932.8 (12) Å3. The acetyl group and the mean plane of the ureido 
group form an angle of 8 1.0 (2)°. In the supramolecular structure, the molecules are joined by N--H···O hydrogen 
bonds into cyclic structures with graph-set R2

2(14) and R2
2(16), forming a three-dimensional network. 
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Introduction 

Thiohydantoins and hydantoins are five-member heterocyclic 
system with a  ve ry r eactive nucleus, which pr ovides four 
possible points o f d iversity. B oth h eterocycles represent 
significant bu ilding b locks for c ombinatorial chemistry 
libraries1,2. T he b iological a ctivities of hydantoin a nd 2 -
thiohydantoin derivatives have been known for a long t ime3. 
For instance, several applications have been reported for 
hydantoins: a ntiarrhythmic a nd a ntihypertensive, a ntiviral, 
antineoplastic, a ntitumoral a nd a nticonvulsant a gents4. T he 
best known hydantoin, p henytoin, i s a w idely used 
antiepileptic drug5. Thiohydantoins a re known for t heir uses 
as h ypolipidemic, a ntimutagenic a nd a nticarcinogenic 
agents6. I n addition, derivatives of both heterocyclic 
compounds a re us ed a s he rbicides a nd fungicides a gents7. 
Recently, t here has b een interest i n t he s earch of new 
synthetic r outes for t he pr eparation of t hese t ypes of  

compounds, via solution or solid state reactions8-10. As part of 
ongoing s tudies on t hiohydantoin derivatives of α-amino 
acids11-14, w e r eport here t he s tructure of  N -acetyl-2-
thiohydantoin-asparagine, w hich i s an i ntermediate i n the 
preparation of 2-thiohydantoin-asparagine. 

Experimental  
Synthesis 

The t itle c ompound was synthesized u sing a  modified 
methodology p reviously r eported10,11. L -asparagine ( 3.4 
mmol) and N H4SCN (3.4 mmol) w ere di ssolved in a  9 ml 
acetic anhydride - 1 ml a cetic a cid mixture and t ransferred 
in a round-bottom f lask. The m ixture w as w armed, with 
agitation, t o 363 K over a  p eriod of  30 min. T he resulting 
solution was cooled in an ice/water mixture and s tored in a 
freezer overnight. The resulting white solid was filtered off 
and washed with cold water. Crystal of (I) suitable for X-ray 



G Delgado, K Varela, R Araque, J Rodríguez, A Mora, L Seijas / Avances en Química 9(1), 3-6 (2014) 4 

diffraction analysis were obtained by slow evaporation of a  
1:1 ethanol-methanol solution. The measured melting point 
of 220-222 °C is in good agreement with that reported of 
224 °C15. 

 

 
Scheme 1: Synthesis of rac-N-acety-2-thiohydantoin-asparagine. 

X-ray data collection and structure determination 

Colorless r ectangular c rystal ( 0.40x0.30x0.20 mm) w as 
used for data collection. Diffraction data were collected at 
298(2) K by ω-scan t echnique on a  R igaku AFC7S 
Mercury diffractometer e quipped w ith g raphite 
monochromatized MoKα radiation (λ = 0.71073 Å). T he 
data w ere c orrected f or L orentz-polarization a nd 
absorption e ffects16. Three s tandard reflections were 
monitored every 1 00 reflections (intensity de cay: no ne). 
The s tructure was s olved b y direct methods u sing t he 
SHELXS pr ogram a nd r efined b y a  full-matrix l east-
squares calculation on F2 using SHELXL17. 

All H atoms were placed at calculated positions and treated 
using the riding model, with C-H distances of 0.97-0.98 A, 
and N -H distances of  0. 86 A . The U iso(H) pa rameters 
were f ixed a t 1 .2Ueq (C, N) a nd 1 .5Ueq ( methyl carbon). 
Molecular diagrams were generated using Diamond18. All 
geometrical c alculations were done  us ing t he pr ogram 
Platon19. T able 1  s ummarizes t he c rystal d ata, in tensity 
data c ollection a nd r efinement details f or th e title 
compound. 

Results and discussion 

The title compound (I) crystallizes w ith one i ndependent 
molecule in the asymmetric unit, in a centrosymmetric space 
group, which implies that L-asparagine suffered an a mino 
acid r acemization pr oduced by the us e of a cetic a cid in t he 
synthesis20. Figure 1 s hows the atom labeling and molecular 
conformation o f rac-N-acetyl-2-thiohydantoin-asparagine. 
Selected geometrical parameters are presented in Table 2. 

Table 1: Crystal data, data collection and structure refinement. 

CCDC 984672 
Chemical formula C7H9N3O3S 
Formula weight 215.23 
Crystal system Monoclinic 
Space group P21/n 
a(Å) 9.338(7) 
b(Å) 7.545(5) 
c(Å) 13.212(10) 

(°) 97.10(2) 
V(Å3) 932.8(12) 
Z 4 
dx (g cm-3) 1.548 
F(000) 448 
µ(mm-1) 0.34 
Crystal size (mm) 0.40 x 0.30 x 0.20 

 range (°) 2.5-28.1 
hkl range -10, 10; -6, 8; -15, 15 
Reflections  
   Unique 1777 
   Rint 0.046 
   With I > 2 (I) 1328 
Refinement method Full-matrix least-squares on F2 
Number of parameters 128 
R(F2) [I > 2 (I)] 0.061 
wR(F2) [I > 2 (I)] 0.160 
Goodness of fit on F2 1.14 
Max/min  (e Å-3) 0.21/-0.31  

All bond distances and a ngles are normal21. T he 
thiohydantoin r ing i s essentially p lanar w ith a  m aximum 
deviations of 0.015 (3) Å in N1 and -0.015 (2) Å in C5. The 
S2-C2-N1, 130.6(3)° bond a ngle is gr eater t han S2-C2-N3, 
123.8(2)°, w hich i s observed i n other 3 1 t hiohydantoin 
fragments f ound i n t he C ambridge S tructural D atabase 
(CSD, ve rsion 5. 34, M ay 20 13)21. The a cetyl gr oup i s 
almost coplanar with the thiohydantoin r ing and form, with 
the mean p lane of  t he u reido group, an a ngle of 8 1.0(2)°. 
The supramolecular structure a nd crystal packing of  ( I) are 
stabilized by three intermolecular N--H···O hydrogen bonds, 
which involve t he c arboxyl a nd u reido gr oups i n t he 
molecule, s erving a s b oth acceptors and donor s in a  set of  
interactions, a s depicted i n F igure 2.  The ge ometrical 
parameters of these hydrogen bonds are summarized in 
Table 3. 
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Table 2: Selected geometrical parameters (Å, º) 

S2-C2 1.633(3)  N1-C5 1.481(4) 
O4-C4 1.205(5)  N3-C2 1.362(5) 
N1-C2 1.396(4)  N3-C4 1.374(4) 
S2-C2-N3 123.8(2)  S2-C2-N1 130.6(3) 
N1-C2-N3 105.6(3)  O4-C4-N3 126.4(3) 
C5-N1-C2-S2 178.2(2)  C4-N3-C2-S2 -179.7(2) 

 
Fig. 1: The molecular s tructure o f I , s howing the atomic 
numbering s cheme. D isplacement ellipsoids a re drawn a t 50 % 
probability level. H atoms are shown as spheres of arbitrary radii. 

 
Fig. 2: A  partial c rystal pa cking v iew of  (I).  Int ermolecular 
hydrogen bonds, N--H···O, are sh own a s dashed l ines. H a toms 
not involved in hydrogen bonding have been omitted for clarity. 

Table 3: Hydrogen bonds geometry (Å, º). (D-donor; A-acceptor; 
H-hydrogen). 

D--H···A D—H H···A D···A D--H···A 
N3-- H3···O9(i) 0.860 1.960 2.782(4) 159.0 
N9--H9A···O4(ii) 0.860 2.290 3.068(4) 151.0 
N9--H9B···O6(iii) 0.860 2.130 2.963(4) 164.0 
C7--H7B···S2 0.960 2.700 3.158(5) 110.0 
C8--H8B···O6 0.970 2.480 3.019(5) 115.0 
C8--H8A···O4(iv) 0.970 2.390 3.194(5) 139.0 

Symmetry codes: (i)1-x, 1-y, 1-z, (ii)½-x, ½-y, ½+z, (iii)2-x, -y, 1-z, 
(iv)1-x, -y, 1-z 

The N3--H3···O9 (1-x, 1-y, 1-z), N9--H9A···O4 (½-x, ½-y, 
½+z) a nd N 9--H9B···O6 ( 2-x, -y, 1 -z) hydrogen b onds 
form r ings, in a lterned (R) and (S) molecules, with graph-
sets notation R 2

2(14) a nd R 2
2(16)22,23 (see F igure 2) . I n 

addition to the classical hydrogen bonds, there are another 
two weak non-classical C --H···O and o ne C--H···S 
hydrogen b onds, w hich pl ay t he r ole of keeping t he 
molecules t ogether. The combination of t hese interactions 
produces a three-dimensional hydrogen bond network. 

Conclusions 

The t itle c ompound was s ynthesized by r eaction of  L -
asparagine and thiourea in presence of anhydride acetic. In 
the supramolecular s tructure, t he molecules are linked by 
N--H···O hy drogen b onds f orming c yclic s tructures i n a  
three-dimensional network. 

Supplementary Materials 

Crystallographic d ata for t he s tructure r eported h ere h ave been 
deposited w ith the C ambridge C rystallographic D ata C entre 
(CCDC-984672). These data can be obtained free of charge from 
the C ambridge Cr ystallographic D ata C entre, 1 2 U nion Roa d, 
Cambridge CB2 1EZ, UK; fax: (+44) 1223 336 033;  or e-mail: 
deposit@ccdc.cam.ac.uk. 

Acknowledgements 

This work was supported by CDCHTA-ULA (Grant C-1853-13-
08-A) and FONACIT (Grant LAB-97000821). The authors thank 
T. González, IVIC, for crystal data collection. 

References  

1. KH Park, J Ehrler, H Spoerri, MJ Kurth. Preparation of a 990-
member c hemical c ompound l ibrary o f h ydantoin- and 
isoxazoline-containing heterocycles using multipin technology. 
J. Comb. Chem., 3, 171-176 (2001). 

2. W Zhang, YM Lu, C HT Chen, L Zeng, DB Kassel. Fluorous 
mixture synthesis o f t wo li braries w ith hydantoin-, and 
benzodiazepinedione-fused h eterocyclic scaffolds. J. Comb. 
Chem., 8, 687-695 (2006). 

mailto:deposit@ccdc.cam.ac.uk�
http://apps.isiknowledge.com/WoS/CIW.cgi?SID=1ENjEBebBLI5111nnf8&Func=OneClickSearch&field=AU&val=Zhang+W&ut=000240403200013&auloc=1&fullauth=%20(Zhang,%20Wei)&curr_doc=1/1&Form=FullRecordPage&doc=1/1�
http://apps.isiknowledge.com/WoS/CIW.cgi?SID=1ENjEBebBLI5111nnf8&Func=OneClickSearch&field=AU&val=Lu+YM&ut=000240403200013&auloc=2&fullauth=%20(Lu,%20Yimin)&curr_doc=1/1&Form=FullRecordPage&doc=1/1�
http://apps.isiknowledge.com/WoS/CIW.cgi?SID=1ENjEBebBLI5111nnf8&Func=OneClickSearch&field=AU&val=Chen+CHT&ut=000240403200013&auloc=3&fullauth=%20(Chen,%20Christine%20Hiu-Tung)&curr_doc=1/1&Form=FullRecordPage&doc=1/1�
http://apps.isiknowledge.com/WoS/CIW.cgi?SID=1ENjEBebBLI5111nnf8&Func=OneClickSearch&field=AU&val=Zeng+L&ut=000240403200013&auloc=4&fullauth=%20(Zeng,%20Lu)&curr_doc=1/1&Form=FullRecordPage&doc=1/1�
http://apps.isiknowledge.com/WoS/CIW.cgi?SID=1ENjEBebBLI5111nnf8&Func=OneClickSearch&field=AU&val=Kassel+DB&ut=000240403200013&auloc=5&fullauth=%20(Kassel,%20Daniel%20B.)&curr_doc=1/1&Form=FullRecordPage&doc=1/1�


G Delgado, K Varela, R Araque, J Rodríguez, A Mora, L Seijas / Avances en Química 9(1), 3-6 (2014) 6 

3. E Mutschler, H Derendorf. Drug Actions, Basic Principles and 
Therapeutic A spects. M edpharm S cientific Publishers, 
Stuttgart (1995). 

4. CA Ló pez, G G Trigo. The c hemistry o f hydantoins. Adv. 
Heterocycl. Chem., 38, 177-228 (1985). 

5. M Meusel, M  Gütschow. Recent d evelopments i n h ydantoin 
chemistry. A  r eview. Org. Prep. Proced. Int., 36, 391 -443 
(2004). 

6. S Al -Madi, AM  Al -Obaid, H  E l-Subbagh. The in  vitro 
antitumor assay o f 5 -(Z)-arylidene-4-imidazoli-dinones in  
screens of AIDS-related leukemia and lymphomas. 
AntiCancer Drugs, 12, 835-839 (2001). 

7. J. M arton, J . Enisz, S . H osztafi, T. Timar. P reparation and 
fungicidal activity of 5-substituted hydantoins and their 2-thio 
analogs. J. Agric. Food. Chem., 41, 148-152 (1993). 

8. J V ázquez, M  Ro yo, F  A lbericio. Re-evaluation of  a  solid-
phase h ydantoin synthesis. Lett. Org. Chem., 1, 224 -226 
(2004). 

9. Z.D. Wang, S.O. Sheikh, Y.L. Zhang, A simple synthesis of 2-
thiohydantoins. Molecules, 11, 739-750 (2006). 

10. S. R eyes, K. Burgess. On f ormation o f thiohydantoins f rom 
amino a cids under a cylation conditions. J. Org. Chem., 71, 
2507-09 (2006). 

11. ME. Sulbaran, GE Delgado, AJ Mora, A Bahsas, H Novoa de 
Armas, N Blaton. Hydrogen-bonding patterns in rac-1-acetyl-
5-methyl-2-thioxoimidazolidine-4-one. Acta Cryst., C63, 
o543-o545 (2007). 

12. MC U zcátegui, GE D elgado, A J M ora, T. González, A . 
Briceño. r ac-1-acetyl-5-benzyl-2-thioxo-imidazolidin-4-one. 
Acta Cryst., E65, o104 (2009). 

13. GE De lgado, M E Sulbaran, A J Mo ra. Synthesis, c rystal 
structure a nd h ydrogen-bonding p atterns i n rac-N-acetyl-2-
thiohydantoin-leucine. Int. J. Mater. Chem., 3, 1-4 (2013). 

14. L.E. Seijas, R. Almeida, A.J. Mora, G.E. Delgado. Cooperative 
efects o n the f ormation o f s upramolecular synthons o f 
thiohydantoin derivatives. J. Comp. Meth. Sci. Eng. 14, 5-16 
(2014). 

15. JFR Kuck, JJ Herda, WE Kovac, JV. Karabinos. Some 5-alkyl-
1-acetyl-2-thiohydantoins. J. Am. Chem. Soc., 73, 5470-5470 
(1951). 

16. Rigaku/MSC. Cr ystal Structure, Ri gaku/MSC, Texas, U SA, 
2004. 

17. GM Sheldrick. A short h istory o f S HELX. Acta Cryst. A64, 
112-122 (2008). 

18. Brandenburg K, D IAMOND, Cr ystal Im pact GbR, Bonn, 
Germany (1998). 

19. AL Spek. Single-crystal structure validation with the program 
Platon. J. Appl. Cryst., 36, 7-13 (2003). 

20. R Y oshioka. Ra cemization, opt ical resolution a nd 
crystallization-induced a symmetric transformation o f a mino 

acids a nd pharmaceutical i ntermediates. Top. Curr. Chem., 
269, 83-132 (2007). 

21. FH Allen. The Cambridge Structural Database: a quarter of a  
million crystal structures and rising Acta Cryst. B58, 380-388 
(2002). 

22. MC Etter. Encoding and decoding h ydrogen-bond patterns of 
organic-compounds. Acc. Chem. Res., 23, 120-126 (1990). 

23. MC Ett er, JC Ma cDonald, J B ernstein. Gr aph-set analysis o f 
hydrogen-bond patterns in organic crystals. Acta Cryst., B46, 
256-262 (1990). 

 

http://scripts.iucr.org/cgi-bin/citedin?search_on=name&author_name=Etter,%20M.C.�
http://scripts.iucr.org/cgi-bin/citedin?search_on=name&author_name=MacDonald,%20J.C.�
http://scripts.iucr.org/cgi-bin/citedin?search_on=name&author_name=Bernstein,%20J.�

