
824 REGULAR •STRUCTURAL PAPERS 

Larson, A. C. (1970). CrystallograPhic Computing, edited by F. R. 
Ahmed, S. R.' Hall & C. P. Huber, pp. 291-294. Copenhagen: Munks- 
gaard. 

Puff, H., Braun, K. & Reuter, H. (1991). J. Organomet. Chem. 409, 119- 
129. 

Acta Cryst. (1993). C49, 824--825 

S t r u c t u r e  of (+)-(S)-5-Phenyl-5- 
ethylhydantoin 

G/~J~D COQUEREL* AND MARIE NOELLE PETIT 

Laboratoire de Chimie Mindrale et Structurale, BP 118, 
76134 Mont Saint Aignan CEDEX, France 

FRANCIS ROBERT 

Laboratoire de Chimie des Mdtaux de Transition, 
4 Place Jussieu, 75252 Paris CEDEX 05, France 

(Received 20 July 1992; accepted 5 November 1992) 

Abstract 
The structure of (+)-(S)-5-phenyl-5-ethyl-2,4-imid- 
azolidinedione or (+)-(S)-5-phenyl-5-ethylhydantoin 
(PHETHYD) is determined and compared with the 
structure of other related anticonvulsants. Among all 
the hydantoin derivatives previously described, the 
conformation of PHETHYD exhibits the smallest 
value (60 °) of the dihedral angle between the phenyl 
ring and the hydantoin ring. The hydrogen-bond 
network suggests a particular stability of the homo- 
chiral packi'ng. The two N--H and ~ bonds 
participate in the hydrogen-bond network which 
forms a fiat ribbon parallel to the a axis. The non- 
polar parts of the molecules are facing each other 
and are held together by van der Waals forces only. 

Comment 
The antiepileptic and/or sedative properties of 5,5- 
substituted hydantoin derivatives depend upon the 
nature of the substituents and the R or S configura- 
tion. This structure has been studied in order to 
compare its conformation with the conformation of 
other anticonvulsants such as methoin (Lisgarten & 
Palmer, 1980) and phenytoin (Camerman & Camer- 
man, 1971). 

The second aim of this study is to make a contri- 
bution to the knowledge of the way in which homo- 
chiral molecules crystallize as a conglomerate. These 
molecules include (+)-(S)-5-phenyl-5-ethylhydantoin 
(PHETHYD) and other 5-alkyl-5-arylhydantoin 
derivatives. Although a large majority of racemic 
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mixtures (> 90%) crystallize as racemic compounds 
(Brock, Schweizer & Dunitz, 1991), the driving 
forces which lead either to this or to spontaneous 
resolution are not yet clear. 

The racemic mixture, prepared in a good yield 
(> 90%) by Bucherer's reaction, was resolved via a 
new preparative route (Coquerel, Petit, Bouaziz & 
Depernet, 1992). Single crystals of S enantiomer 
were obtained by slow evaporation in ethanol at 
room temperature. 

As expected, the hydantoin ring is almost planar, 
except for the slight deviation of the C(4 )a tom 
which is at 0.064 A from the mean plane passing 
through the other four atoms. The dihedral angle 
between the phenyl and the heterocycle is 60 °. This 
value is smaller than the angle observed in methoin 
(77°). It is in fact the smallest value of all alkyl/aryl 
or aryl/aryl disubstituted hydantoins and related bar- 
biturates studied so far. Both N atoms are involved 
in hydrogen bonds: N(1)--H(1)...O(4)(1 +x ,  y, z) 
2.28/k, 170.3°; N(3)---H(3)...O(2)(0.5 + x, 1 . 5 - y ,  
- z) 1.94/k, 151.1 o The hydrogen-bonded molecules 
form an infinite ribbon, parallel to the a axis. These 
ribbons, possessing hydrophilic character, are held 
together only by means of van der Waals forces 
between the ethyl and phenyl groups which are in the 
vicinity of each other. 

In a recent survey (Collet, 1990), it is shown that 
difficulties arise in dealing with the whole problem of 
homochiral versus heterochiral packing of enantio- 
mers. Nevertheless, some special functional groups 
bring about a large increase in the proportion of 
conglomerates (usually between 5 and 10%). These 
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Fig. 1. ORTEP (Johnson, 1965) drawing with atom numbering. 
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Fig. 2. Stereoscopic view down e of the crystal structure. 
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functions allow non-centrosymmetric associations of 
the molecules which are thus predisposed to form 
stable conglomerates. For the enantiomers of 5-alkyl- 
5-arylhydantoin derivatives, we found the follow- 
ing analogies: a constant 6.3 A axis in the direction 
of the strongest bonds, a great thermal stability (m.p. 
> 493 K) and a high proportion of conglomerates (5 
out of 17). The packing of PHETHYD in which all 
the heteroatoms are involved in hydrogen bonds, 
could explain why all these similar structures have 
great stability and a predisposition to form con- 
glomerates. 

Experimental 
Crystal data 

C n H I 2 N 2 0 2  M o / C a  radiat ion 
Mr = 204.23 )~ = 0 .71069 ,~, 
Or thorhombic  Cell parameters  f rom 25 
P21212 ~ reflections 
a = 6.230 A 0 = 14 -18  ° 
b = 10.701 ,~, # = 0.086 m m  -~ 
c = 15.550 ,~ T = 293 (1) K 
V = 1036 (7) ,~3 Acicular  a long a 
Z = 4 0.45 x 0.12 × 0.08 n u n  
Dx = 1.31 Mg m -3  Colour less  
D m =  1.29 M g  m -3 

Data collection 

E n r a f - N o n i u s  CAD-4  
di f f rac tometer  

0 - 2 0  scans 
1089 measu red  reflections 
1089 independent  reflections 
542 observed  reflections 

[I > 3cr(1)] 

Refinement 

Ref inement  on  F 
Final R -- 0.037 
wR -- 0.039 
S --- 2.36 
542 reflections 
137 parameters  
Only  coordinates  o f  H a toms  

ref ined 

0max = 25 ° 
h = 0---~ 7 
k = 0 ~  12 
l = 0 - - ,  18 
2 s tandard reflections 

f requency:  60 min  
intensi ty variation: none  

w = l  
(A/~)max = 0.05 
Apmax = 0.14 e A, -3  
Apmi,  = --0.12 e ,~-3 
Atomic  scattering factors 

f rom International Tables 
for X-ray Crystallography 
(1974, Vol. IV) 

Table 1. Fractional atomic coordinates and equivalent 
isotropic thermal parameters (,~2) 

Equivalent isotropic Ueq is obtained from U U according to Pryor (1975): 
U e q  -- | * * ~ ~iEjUija i a) ai.aj. 

x y z Ueq 
N(I) 0.8175 (8) 0.6788 (8) 0.1877 (3) 0.0387 
C(2) 0.742 (1) 0.7092 (7) 0.1094 (4) 0.0402 
0(2) 0.8468 (8) 0.7307 (5) 0.0451 (3) 0.0585 
N(3) 0.5227 (9) 0.7143 (5) 0.1162 (3) 0.0381 
C(4) 0.452 (1) 0.6812 (7) 0.1949 (4) 0.0337 
0(4) 0.2674 (6) 0.6731 (6) 0.2190 (3) 0.0417 
C(5) 0.648 (1) 0.6604 (6) 0.2509 (3) 0.0303 
C(6) 0.659 (1) 0.7537 (5) 0.3244 (3) 0.0278 
C(7) 0.828 (1) 0.8328 (7) 0.3361 (4) 0.0441 

C(8) 0.829 (1) 0.9152 (7) 0.4046 (4) 0.0549 
C(9) 0.658 (1) 0.9223 (7) 0.4596 (4) 0.0537 
C(10) 0.491 (I) 0.8427 (8) 0.4483 (4) 0.0564 
C(II) 0.488 (1) 0.7590(7) 0.3818 (4) 0.0438 
C(12) 0.647 (1) 0.5234 (6) 0.2840 (4) 0.0413 
C(13) 0.843 (1) 0.4913 (6) 0.3386 (4) 0.0490 

Table 2. Geometric parameters (.~., o) 
N(1)--C(2) 1.345 (8) N(1)--C(5) 1.456 (7) 
C(2)--O(2) 1.215 (8) C(2)--N(3) 1.374 (7) 
N(3)--C(4) 1.349 (8) C(4)--O(4) 1.213 (7) 
C(4)--C(5) 1.514 (8) C(5)--C(6) 1.519 (7) 
C(5)--C(12) 1.554 (8) C(6)--C(7) 1.365 (8) 
C(6)--C(11) 1.388 (8) C(7)--C(8) 1.382 (9) 
C(8)--C(9) 1.37 (1) C(9)--C(10) 1.36 (1) 
C(10)--C(11) 1.369 (9) C(12)--C(13) 1.527 (9) 

C(5)--N(1)--C(2) 113.0 (5) O(2)--C(2)--N(1) 127.3 (6) 
N(3)--C(2)--N(1) 106.7 (6) N(3)--C(2)--O(2) 126.0 (7) 
C(4)--N(3)--C(2) 112.6 (6) O(4)--C(4)--N(3) 127.5 (7) 
C(5)--C(4)--N(3) 107.3 (5) C(5)--C(4)--O(4) 125.2 (6) 
C(4)--C(5)--N(1) 100.2 (4) C(6)--C(5)--N(1) 112.7 (5) 
C(6)--C(5)--C(4) 111.8 (5) C(12)--C(5)--N(1) 110.6 (6) 
C(12)--C(5)--C(4) 109.1 (6) C(12)--C(5)--C(6) 111.8 (4) 
C(7)--C(6)--C(5) 122.9 (6) C(11)--C(6)--C(5) 118.5 (6) 
C(11)--C(6)--C(7) 118.6 (6) C(8)--C(7)--C(6) 120.2 (7) 
C(9)--C(8)--C(7) 120.9 (7) C(10)--C(9)--C(8) 118.9 (6) 
C(11)--C(10)--C(9) 121.0 (7) C(10)--C(1 I)--C(6) 120.3 (6) 
C(13)--C(12)--C(5) 113.3 (6) 

The  structure was  so lved  by direct  m e t h o d s  (Watkin, Carruthers  
& Bet ter idge,  1985) and ref ined by anisotropic  ful l -matr ix least 
squares  on  F. Cor rec t ions  for absorpt ion  were  m a d e  with DI- 
FABS (Walker & Stuart,  1985). No  anoma lous  contr ibut ion was  
considered;  the absolute  conf igura t ion  has  already been deter- 
m ined  (Knabe & Wunn ,  1980). Fig. 1 was d rawn on a VAX sta- 
t ion us ing  ORTEP (Johnson,  1965). Fig. 2 is a s tereoscopic  v iew 
of  the crystal  structure.  
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