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SYNTHESIS OF CARBON-I'1 LABELED DIPHENYLHYDANTOIN AND 
I T S  MAJOR METABOLITE 5- (P-HYDROXYPHENYL) -5-PHENYLHYDANTOIN 
(HPPH) I N  70 MINUTES 
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S U M M A R Y  

A simple and conoenient mechod for the  synthesis of carbon-14 
labeled diphenylhydantoin (DPIII (I! and i t s  major metabolite 5- 
Ip-hydrorcyphenyl)-5-phenylhydantotn (HPPH) (II) zn 70  minutes i s  
described. This  synthesis allows incorporation of carbon-12 11 

(physical h a l f - l i f e  20 minutes) i n t o  these molecules. 
ion of short-l ived isotopes i n t o  drug m l e c u l e s  provides a v a s t l y  
epanded poten t ia l  f o r  stud$ OF i n  vivo d i s t r i b u t i o n  of drugs and 
development of twmr s p e c i f i c  agents. 

Incorporat- 

INTRODUCTION 

P r e s e n t l y  t h e r e  is i n t e r e s t  in  introducing the s h o r t - l i v e d  i so tope  "C into 

a g e n t s  such  a5 diphenylhydantoin ( 1 )  which w i l l  loca l ize  i n  t h e  b r a i n  and p e r m i t  

sc in t igraphic  imaging.  T h e  advantage of " C  l i e s  i n  i t s  s h o r t  ha l f - l i fe ,  which 

will lower  the  radiat ion e x p o s u r e  to the pa t ien t ,  and  i n  the  high reso lu t ion  and  

sens i t iv i ty  which can be achieved  by v i r tue  of g r e a t e r  photon yield for a given  

radiat ion exposure .  

Good synthe t ic  m e t h o d s  f o r  diphenylhydantoin and  i t s  m a j o r  metabol i te  

5 - (p-hydroxyphenyl)  - 5 -phenylhydantoin (HPPH) a r e  ava i lab le  in the  l i t e r a t u r e  

(2 ,  3 , 4 ,  5,6) .  

in t roduct ion  of s h o r t - l i v e d  i s o t o p e s ,  such  a s  "C which d e c a y s  by pos i t ron  

However .  t h e s e  m e t h o d s  a r e  t i m e  consuming and  do not a l low 
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e m i s s i o n  and  h a s  a half- l i fe  of 2 0 . 4  minutes .  

i m p e r a t i v e  to develop rapid organic  s y n t h e s e s  which will a l low introduct ion of 

th i s  i so tope  into o r g a n i c  m o l e c u l e s .  

hydantoins ,  including diphenylhydantoin,  could be  synthes ized  i n  1 1 / 2  - 2 hours. 

We now r e p o r t  a convenient  synthes is  f o r  diphenylhydantoin and i t s  p r inc ipa l  

m e t a b o l i t e ,  H P P H ,  which can  be accompl ished  in  70 m i n u t e s  for  diphenylhy- 

dantoin and 80 m i n u t e s  f o r  HPPH. 

Due to t h i s  s h o r t  half- l i fe  i t  is 

Winstead,  g &. ( 7 )  repor ted  that  "C 

REACTION 

DMSO/ Na OH 

120-14OoE, 
PRESSURE, 
60 min. 

+ K14CN + (NH4)2CO3 

( c6 H5 '2 H XI30 R = H  

\ / DPH 1 co 

R=OH 

co 
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METHOD 

T h e  '*C diphenylhydantoin i s  synthes ized  using a modif ied B u c h e r e r - B e r g s  

synthes is .  

( v / v )  containing 0 .001  m o l e s  (0 .065 g) of c a r r i e r  f r e e  KCN. 

placed in a P a r r  bomb i45 ml. capac i ty)  to  which 0. 0015 m o l e s  (0. 273  g)  of 

Iicnzophrnone d isso lved  in 5 m l  of DMSOb is added.  

of aminonium carbonate  i s  added.  The  bomb i s  c losed  and the reac t ion  m i x t u r e  

i s  heated (120-110" C) under  p r e s s u r e  by i m m e r s i n g  the bomb in a n  o i l  ba th  

(any o t h e r  convenient  way to h e a t  the  bomb is adequate) .  

bomb i s  ct'oled by placing it in  an i c e  bath. 

contt.nts t r a n s f e r r e d  to a s f p a r a t o r y  funnel containing 1 5  ml of NaOH 1 N. 

Twenty 1111. of e thyl  e t h e r  is  addcd to the funnel and thoroughly shaken.  

aqueous  phase  containing sodium diphenylhydantoin is s e p a r a t e d  and  t r a n s f e r r e d  

to a cold 50 nil b e a k e r .  

e d  HCL. 

T h e  prec ip i ta te  is  f i l t e r e d  through a Buchner  funnel  and r e c r y s t a l l i z e d  i n  

r t h a n o l - w a t c r .  C r y s t a l s  f r o m  e thanol ,  mp.  296-298' C .  c h e m i c a l  y ie ld  6470, 

spec i f ic  ac t iv i ty  0. 24 p C i / m g ,  rad ioac t ive  yield 59%. Typica l  s y n t h e s i s  t i m e  

70 minutes .  

bb. 2 yCi of 14C KCNa i s  d i sso lved  in NaOH 0.01 N/DMSO (5/5) 

T h i s  solut ion is 

Fina l ly  0. 0 4 i  m o l e s  (4. 5 g) 

A f t e r  60 m i n u t e s  the  

Thi ,  bomb i s  now opened and  t h e  

T h e  

The  solut ion i s  acidif ied with a few d r o p s  of c o n c e n t r a t -  

At th i s  pr~ in t  diphenylhydantoin s t a r t s  to prec ip i ta te  in f ine  c r y s t a l s .  

Radioact ive pur i ty  of f inal  product  was d e t e r m i n e d  by thin l a y e r  c h r o m a t o g -  

raphy using s i l ica  g e l  with f l u o r e s c e n t  indicator '  and  c h l o r o f o r m - a c e t o n e  a s  

m o b i l e  phase  (90  t 101 (81. 

L'. V .  l i p b t .  

Only one spot  was  o b s e r v e d  u n d e r  e x p o s u r e  to s h o r t  

I<atlioactive scanning of t h e  plate  shows o v e r  98% puri ty .  

a New Eng land  Ni:-lear Corpora t ion ,  spec i f ic  ac t iv i ty  0. 18 m C i / m g .  

I> 

r E a s t m a n  Kudak G o . ,  R o c h e s t e r ,  N. Y. 

T h e  yit.1(1 of t h r  rcactio-. I -  i n c r e a s e d  if DMSO is u s e d  a s  the  solvent .  

14650; E a s t m a n  C h r o m a g r a m  Sheet  
6060. 
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S t r u c t u r e  d c t c r m i n a t i o n  w a s  c o n f i r m e d  by i n f r a r e d ,  n m r .  a n d  u l t r a - v i o l e t  

s p e c  t r o  s copy.  

A l l  r a d i o a c t i v i t y  m e a s u r e m e n t s  w e r e  m a d e  u s i n g  a P a c k a r d  T r i  C a r b  

Sc in t i l l a t i on  S p e c t r o m e t e r ,  M o d e l  3 3 7 5 ,  with e f f i c i e n c y  of 90% a n d  b a c k g r o u n d  

c o u n t  of 30 c p m .  T h e  s a m p l e s  w e r e  coun ted  i n  a l iquid s c i n t i l l a t i o n  c o c k t a i l  

con ta in ing  4 g of 2 , 5 - d i p h e n y l o x a z o l e  ( P P O ) ,  100 m g  of 1 , 4  b i s [ ( 4 - m c t h y l - 5 -  

phenyloxazoly l ) ] -benzenc ,  a n d  370 g of T r i t o n  X-100 m a d e  up t o  a Liter w i th  

d i s  t i  I led to l u e n r  . 

5 - (p -HYDROXYPHENY L ) -  5 - P H E N Y  LHY DAN?-OIN 
( H P P H )  

T h i s  c o m p o u n d  i s  p r e p a r e d  by a m o d i f i e d  B u c h e r e r - B e r g s  s y n t h e s i s  with 

e s s e n t i a l l y  t h e  s a m e  t c c h n i q u e  u s e d  in  t h e  s y n t h e s i s  of 5, 5-d iphrny lhydan to in .  

A so lu t ion  , , f  0 .  G 9 1 5  moles  10. 3 g l  of I - h y d r o x y h r , n z o p h c n u n e d  i n  3 ml o f  DMSO 

is p l a c e d  in  a P a r r  b o m b  145 rnl c a p a c i t y )  to  which 4 3  ,,Ci of  "C K.CNa d i s -  

s o l v e d  in NaOH 0. 01 N / D M S O  1 5 / 5 )  ( v / v )  con ta in ing  0. 001 m o l e s  1'). 065 g )  of 

c a r r i e r  f r e e  K C N  is  a d d e d .  Thc: b o m b  i s  c l o s e d  a n d  t h e  r t a c t i r r i ~  ni i - \ tur(J  h i , a t c d  

at 130-140' C by m e a n s  of a n  o i l  ba th .  

p l ac ing  it in a n  i c c  bath.  

t o  a s e p a r a t o r y  funne l  con ta in ing  1 5  nil o f  NaOH 1N. 

i s  a d d e d  to  t h e  f u n n e l  a n d  t h o r o u g h l y  s h a k e n .  

s o d i u m  H P P H  i s  s p p a r a t e d  a n d  . r a n s f e r r e d  t o  a c-Jld 50 ml  hcakc.r .  

A f t e r  60 mini1tc.s the. b o m b  is cooled b)  

T h e  b o m b  i s  now o p r , n r d  a n d  t h e  c o n t e n t s  t r a n s f e r r e d  

Tivcnty ml 3i ,%thy! e t h e r  

1 hi, a q u e o u s  pha$c, c c,ntainini: 

T h e  so lu t ion  is  a c i d i f i < : d  with a f e w  d r o p 5  t;f  conci .ntr ;z tcd I f C L  The l;ght 

b r c w n  p r c r i p i t a t c  i s  f i l tercrd off u s i n a  a E u c h n e r  funn(:i. 

f r o m  c t h a n o l  w i th  Ncjri: y ivldud wh i t<  t : r y ? . : ~ : s  w i t h  a nic111ng piiiri: o t  $ 1 5 -  3 i : ' ' C  

a n t ,  c r y s t a l ! i x a t i o n  
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( u n c o r r e c t e d )  with decomposi t ion  tha t  could not  be r a i s e d  by f u r t h e r  c r j s t a l l i z a -  

tion. 

40%. 

Chemica l  yield 46. 670, spec i f ic  ac t iv i ty  0. 1 3 7  p C i / m g ,  rad ioac t ive  y ie ld  

Typica l  synthes is  t i m e  80 minutes .  

Radioact ive puri ty  of the  f ina l  product  was  d e t e r m i n e d  by ascending  c h r o m a -  

tography using Whatman No. 1 paper  a n d  i sopropanol -15% a m m o n i a  (4 : l )  a s  

mobi le  phase ( 2 ) .  

light. Radioact ive scanning of the  paper  shows o v e r  95% puri ty .  

de te rmina t ion  was  conf i rmed by i n f r a r e d  and  u l t r a - v i o l e t  spec t roscopy.  R a c e m i c  

H P P H  i s  obtained using t h i s  procedure .  

p e r f o r m e d  s i m i l a r l y  to those  d e s c r i b e d  for  5 ,  5-diphenylhydantoin. 

Only one spot  was  o b s e r v e d  u n d e r  e x p o s u r e  to s h o r t  U. V. 

S t r u c t u r e  

A l l  radioact ive m e a s u r e m e n t s  w e r e  

DISCUSSION 

Orgdn imaging proccdurc,s  have undergone rapid development  dur ing  t h e  

las t  t en  y t ' a r s  an,! a r e  now a n  i m p o r t a n t  p a r t  of n u c l e a r  medic ine .  

of pharmacologica l  s lud ics  with var ious  d r u g s ,  in format ion  concern ing  the m o d e  

of ac t ion  of d r u g s  o r  t h c i r  abi l i ty  to c o n c e n t r a t e  in var ious  t i s s u e s  h a s  b e c o m e  

avai la i ) l<, .  

s i d e r a b l t  t,<liirt in th r  development  of  rapid o r g a n i c  s y n t h e s e s  such  a s  t h o s e  

d c s r  ribcd i n  tliih paper .  

A s  a r e s u l t  

The  potential u s e  of sc in t igraphic  imaging jus t i f ies  expending con-  

Incor;x,r ,+t i<,n o f  tht. s h o r t - l i v e d  i so tope  'C into organic  m o l e c u l e s  p r o v i d e s  

.I vas t ly  ~ . x p a n d e d  p<btcntial f < , r  deve lopment  of t u m o r  spec i f ic  d iagnos t ic  agents .  
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