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S U m Y  
A roinvostigation of tho Biltz synthesis of phenytoin war undortaken to 

rolectivoly produce tho hydantoin derivative instead of a mixture of the hydan- 
toin and t b  glycoluryl dorivativm. A solution of this problem was found in 
carrying out the reaction in a two-phase system (n-butanolrwator) and in tho 
pnsonco of a phare-tran8fer catalyst (poly(ethyleneglycol)600). In these con- 
ditions, a 87-938 yield of phenytoin can be obtained. Extenrion of this ap- 
proach to the syntherir of other hydantoin derivatives was alro found ruporior 
to om-pharo conditionr. 

Phenytoin (S,S-diphonyl-2,4-imidazolidinedione, I )  161 a vory potent anti- 
epiloptic agent regardod AS the drug of choice for the treatment of generalizod 
tonic-clonic seizures and elamentary partial seizuror’. It war introduced in 
clinical practice in 193E2, thirty years after the first ryntherir of this com- 
pound by the German chemist H. Biltz3, who found that the troatnunt of benzil 
and uroa with potassium hydroxide resulted in the formation of 4. This reac- 
tion was subrequently reinvestigated in detail by Dunnavant and Jamem‘, who 
shcnred that the formation of involved a benzilic rearrangemrnt; a mechanirm 
explaining the concomitant formation of a 3a, 6a-diphenylglycoloril compound 
(2) via a 4,5-diphenyl-4,5-dihydroxy-2-imidazolidinono (3) war alro proposed 
by thoro authors . Tho rcopo and tho limitation8 of the Biltz roaction were 
rtudiod by Dietz and Myers in 1968. The mechanism of Dunnavant and James has 
km rovired recently by Butler and Leicht‘, and by Hayward7 who postulated tho 
exirtenco of 4 as an intermediate in the formation of I .  In homogoneour reac- 
tion conditions, when othanol or ethanolrwater mixturer are employod ar solvent, 
tho yield in analytically pure material never oxcoed8 50-55%5”’8. It should 
ba noted also that a wid. variety of bases can be employed to promote the reac- 
t i o n  (8odium othoxide, totrabutyl.anaoniun hydroxide, lithium hydroxide, ... ) .  

Tho80 variationr, howevor, did not significantly affect the ratio 112. Am tho 
production of 3 could not be reduced in single-phase rystunr, wo havo focused 
our attontion on two-pha8e mystens. We anticipated that, if tho ionized form8 
of 2 (2) or could bo ramved fraa the aqueour pha8e (where urea is present) 
and tranmportod into the organic phase by mean. of a phare-tranrfer catalymt 
(PTC), th. yield of 1 could be conriderably improved and the production of 2 
SubStantially lowered. Uring a toluenerwator ry8t.m and clammica1 PTC‘r 
(Dibonzo-18-crown-6,benzyltriethyla~rmoni~ chloride) 
from tho ruction productr however, the yield of J was vory low (17-238). 
Whoa an n-butanolrwator ryrtem and polyethyleneglycol10 (avorago molecular 

4 

2 war virtually absont 
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weight 600) ae PTC were employed, the yield of war 87-93. 
In view of the iucceir met with thir approach, tho r a m  reaction was attempted 
with thiourea, N-methyl and N-phenylthiourea, in a11 carer tha yield was nearly 
quantitative. No significant difference was obrerved in the yield when diben- 
zo-18-cr-6 or benzyltriethylammonium chloride were employed inrtoad of PEG 600. 
To finally teat the limitation of our reaction myitem, we have reacted together 
para-methoxybenzil with urea for 48 h and obtained a 479 yield of 5-(4-m0thoxy- 
phony1)-5-phenylhydantoin. 
under one-phare homogeneous conditionr. 

We believe that our two-phaw reaction condition uring PEG 600 ar pTC may 
be worth 
labelled or rtable-irotope analogueo of phenytoin employed in the drug monito- 
ring of this major antiepileptic drug. 

Diotz and Mayor reported that no reaction occur 

mnsidering rpecially in the elaboration or tho production of radio- 

EXPERIMENTAL 
Homogeneous conditions 

potassium hydroxide (0.178 moll were covered by 325 ml of 959 ethanol. Stir- 
ring was started and after 10 m i n ,  when a yellouirh parte had formod, the mlx- 
ture wan gradually heated in an oil bath to enrure a rteady reflux for 2 h. 
The reaction mixture war poured into dirtilled water to obtain a final volume 

19.979 of benzil (0,095 mol), 9.97 g of  urea (0.166 awl) and 10.14g of 
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of 1 litor. 
rodium hydroxide and thon wi th  100 m l  o f  d i s t i l l o d  water. 
r o c r y r t a l l i z o d  from DMFtothanol to give 6.39 of 2". 
The combinod f i l t r a t o a  wore a c i d i f i e d  wi th  acetic a c i d  to pH 6 and t h e  rerul- 
t f n g  p r o c i p i t a t e  war f i l t o r o d  and warhed wi th  100 m l  o f  d i r t i l l o d  water. It  
was d r i o d  to c o n s t a n t  weight a t  9SoC/20 mmHg to give  17.69 of crude material 
which was r o c r y s t a l l i z o d  from 300 m l  of 959 e thanol  t o  y i e l d  12.89 of pure 

m.p. 297-298'C. 
roported previously.  

The p r o c i p i t a t o  war f i l t e r e d  and washed twice w i t h  100 m l  Of 0.5N 
Thi r  material was 

(HPLC) 4. 
The 13C-NMR rpectrum (0.25 M i n  DMSO-d6) was i d e n t i c a l  to t h a t  

mo-phase condi t ions  
BOn2Z1, urea and potarsium hydroxide ( i n  t h e  same q u a n t i t i e r  as in the precee- 
d ing  s e c t i o n )  and 2.59 of  PEG 600 were s t i r r e d  and heated a t  100°C f o r  2 h ( o i l  
ba th)  i n  a two-phare system c o n s i s t i n g  of 200 m l  of n-butanol and 200 m l  of 
d i r t i l l o d  water. Aftor  cool ing,  t h e  mixture  was f i l t e r e d  and a c i d i f i e d  to  giw 
a p r o c i p i t a t e ,  which war warhed wi th  water and co ld  e t h e r ,  d r i o d  i n  vacuo and 
r e c r y r t a l l i z o d  from e thanol  t o  give 87-939 of  pure (HPLC) 1 .  
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