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SUMMARY 

Three deu te r ium l a b e l l e d  drugs, 5-ethyl-d,-5-phenylthiobarbi- 
t u r i c  a c i d ,  p r im idone-e thy l -L5 ,  and p h e n o b a r b i t a l - e t h y l - d 5 ,  
have been p repared  employing a t h r e e  s tep  s y n t h e s i s  u t i l i z i n g  
d i e t h y l  phenylmalonate and bromoethane-Cs. O v e r a l l  i s o t o p i c  
p u r i t y  o f  t he  l a b e l l e d  drugs was i n  excess o f  95':. Complete 
s y n t h e t i c  techn iques  as w e l l  as s p e c t r a l  da ta  of  l a b e l l e d  i n t e r -  
med ia te  and drugs a r e  presented .  

Ac id ,  Prir. i i iJone and Phenobarb i ta l ,  Mass Spec t ra l  Data.  

INTRODUCTION 

P rev ious  r e p o r t s  concern ing  the  concur ren t  a d m i n i s t r a t i o n  o f  phenobarb i ta l  

KEY WORDS: Deuter ium L a b e l l i n g ,  Ma lon ic  E s t e r  Synthes is ,  T h i o b a r b i t u r i c  

and p r im idone  i n  s e i z u r e  p a t i e n t s  have l e d  t o  c o n f l i c t i n g  s ta tements  ( 1 )  p e r t a i n i n g  

t o  close requ i rements ,  r e l a t i v e  t o x i c i t y ,  and i i le tabo l i c  d i s p o s i t i o n  o f  these drugs. 

There fore ,  i n  o r d e r  t o  o b t a i n  a b e t t e r  unders tand ing  ( 2 )  o f  t he  c ie tabo l i c  f a t e  

o f  these compounds when used s e p a r a t e l y  o r  i n  combina t ion ,  as w e l l  as t o  seek o u t  new 

m e t a b o l i t e s  o f  t h e  p a r e n t  drug, deuter ium l a b e l l e d  p r im idone  and phenobarb i ta l  were 

prepared.  

I n  t h e  process o f  p r e p a r i n g  these compounds, a new deu te r ium l a b e l l e d  t h i o b a r b i t u r a t e  

was a l s o  genera ted .  

Both probes were designed c o n t a i n i n g  a f u l l y  l a b e l l e d  e t h y l - d 5  n io ie ty .  

The s y n t h e t i c  pathways l e a d i n g  t o  these compounds a r e  seen i n  Scheme 1 .  A 

ma lon ic  e s t e r  condensat ion  o f  d i e t h y l  phenylr i ia lonate,  l=,  w i t h  bromoethane-d-, 2., 

formed d i e t h y l  ethyl-d5-phenylnalonate, 3. Th is  deu te r ium l a b e l l e d  i n t e r m e d i a t e  

was n e x t  condensed w i t h  e i t h e r  t h i o u r e a  o r  urea t o  y i e l d  5-ethyl-ds-5-phenylthio- 

b a r b i t u r i c  ac id ,  4 ,  o r  p h e n o b a r b i t a l - e t h y l - g 5 ,  5, r e s p e c t i v e l y .  C a t a l y t i c  hyciro- 

qena t ion  of  4: produced p r i m i d o n e - e t h y l - $  i n  h i g h  y i e l d .  
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Scheme 1 .  P r e p a r a t i o n  o f  5 -e thy l -J5-5-pheny l  t h i o b a r b i  t u r i c  
a c i d  (4-), phenobarbi tdl -e t+: / l - j -5  (s), and p r i i l i i do iw-  
e t h y l - $  (b). 

E XPE RI MENTAL 

D i e t h y l  ethyl-d5-phenylmalonate,  3 - To a s o l u t i o n  o f  100 m l  o f  d r y  d i m e t h y l -  

formainide and 3 g (0.124 moles)  o f  NaH i n  a 300 m l  t h r e e  necked f l a s k  equipped 

w i t h  a r e f l u x  condenser and t h r e e  rubber  s e p t u m  d i e t h y l  pheny lmalonate  16.0 g 

(0.068 moles) was added by cannu la  under n i t r o g e n .  

s t i r r e d ,  heated  t o  85", and t h e  evo lved  hydrogen a l l owed  t o  escape th rough 3 25 

gauge need le .  

t u r e  had dropped t o  70". 

s l o w l y  added ove r  a p e r i o d  o f  10 min .  

noted. A f t e r  1 h r  t h e  tempera ture  had s t a b i l i z e d  a t  70" and t h e  m i x t u r e  was added 

by cannula t o  a s t i r r i n g  0.1 11 H,SO, i c e  s o l u t i o n ,  e x t r a c t e d  w i t h  e t h y l  ace ta te ,  

d r i e d  w i t h  anhydrous MgSO,, and evapora ted  t o  a 1 i g h t  ye1 low o i l .  

d i s s o l v e d  i n  300 rnl o f  pentane, was added 200 g o f  p r e a c t i v a t e d  (heated  t o  320" 

f o r  24 hours )  aluminum o x i d e  (1:oeln a lun inun i  ox ide ;  a c t i v i t y  I ;  100 mesh) and the  

The m i x t u r e  was i n i t i a l l y  

A f t e r  90 min  t h e  e v o l u t i o n  of  hydrogen had ceased and t h e  tempera- 

By cannu la  6 .0  g (0.053 moles)  o f  bromoethane-45 was 

A smal l  tempera ture  i nc rease  t o  80" was 

To the  o i l ,  
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whole evaporated down unt i l  a f r e e  flowing powder was obtained.  

oxide was then ex t rac ted  extensively with dry methylene ch lor ide  t o  y i e l d  13.5 g 

(95%, i s o l a t e d )  of an o i l ,  d ie thyl  ethyl-&-phenylmalonate. M.S. ( r e l a t i v e  i n t e n . ) :  

p.l+ 269 (6Z), m/e 197 (49W), _nl/e 196 (47%), F/C 179 ( 7 5 2 ) ,  m/g 151 (51%),  m,'g 136 

( Rf = 0.60 

(E .M.  S i l i c a  gel p l a t e s / e t h e r ;  I, vapor) .  

5-Pheny l -~-e thy1-&-2- th iobarb i tu r ic  ac id ,  4_ - To a 50 ml round bottom f l a s k  equipped 

with a s t i r r i n g  b a r ,  re f lux  condenser, a n d  rubber septum were added th iourea ,  

1 . 2  g (0.058 moles) and IJaH, 1 .0  g (0.0416 moles) .  While s t i r r i n g  slowly, by 

cannula, diethyl-ethyl-$-phenylmalonate ,  3 .5  g (0.0130 moles) i n  40 nil absolu te  

ethanol was added. After  the  addi t ion ,  a drying tube was added and the whole mix- 

t u r e  refluxed f o r  24 hr. 

0.1 N H,SO, and i c e .  

y i e l d  2 . 0  g (61:;) of the  t h i o b a r b i t u r a t e ,  4. 
a n d  char )  m.p. 216-218'. Y.S .  ( r e l a t i v e  i n t e n . ) :  14' 253 (100%) and ;/g 221 (83%) .  

Phenobarbital-ethyl-d5_5_ - To a 50 ml round bottom f l a s k  equipped  w i t h  a s t i r r i n g  

bar ,  re f lux  condenser, a n d  rubber septum were added 1 .0  g (0.0166 moles) of  urea 

and 1 . 0  g (0.0416 moles) of llaH under ni t rogen.  

phcnylmalonate, 3.4 g (0.0126 moles), i n  40 ml dry ethanol was slowly added by 

cannula. The mixture was refluxed f o r  24 hours and then added t o  50 ml 0.1 N 

H,SO, and 25 nil crushed i c e .  After  ex t rac t ion  with e t h e r ,  drying,  and evaporation 

of the solvent  t o  a small volume, the phenobarbital was obtained by column chroma- 

tography ( S i l i c a  ge l ;  E.M. Reagents, 0.5-0.2 mm mesh, 2.5 x 28 cm) in  the  f i r s t  

200 ml of dry ethyl  e t h e r .  The e t h e r  was evaporated t o  y i e l d  2.0 g (65%) of pure 

phenobarbital. 

p o s i t i v e )  m . p .  175-173'. 

Primidone-ethyl-&, 6 - To a 50 ml round bottom f l a s k  was added 1 .5  g (0.00593 

moles) of the  t h i o b a r b i t u r a t e ,  4, 25 ml absolu te  a lcohol ,  and 9 g W,-Raney nickel 

( 3 ) .  

f i l t e r e d  hot a n d  the pyrophoric nickel c a t a l y s t  washed with boi l ing hot e thanol .  

Evaporation of the  solvent  yielded 1.06 g (80%) of primidone-ethyl-$. 

(Si g e l ,  e t h e r )  m . p .  280-282". 

The aluminum 

- m / g  1 2 2  (43%),  m/e 121 ( 3 & % ) ,  nJe 93 (53%),  and m/g 77 ( 6 2 % ) .  

After  re f lux ing ,  the mixture was added by cannula t o  

The white c r y s t a l s  were f i l t e r e d  and washed with water t o  

Rf  = 0.57 (Si  g e l / e t h e r ;  H,SO,/heat 

While s t i r r i n g ,  diethyl  ethyl-&- 

Rf = 0.72 (Si  ge l /e ther ;  diphenycarbazone and mercuric s u l f a t e  

Under 1 a t m  of hydrogen the whole was refluxed f o r  5 hr. The mixture was 

Rf = 0.66 



684 Brian D. Andresen and K. Biemann 

D I s cus s I ON 
Var ious  s y n t h e t i c  methods were i n i t i a l l y  employed i n  o r d e r  t o  op t in : i ze  t h e  

y i e l d  o f  3 i n  t h e  f i r s t  s tep  o f  Scneme 1. 

e s t e r  syn thes i s  have been repo r ted ,  i t  was found t h a t  t h e  a d d i t i o n  o f  d i e t h y l  pheny l -  

rnalonate and sodium h y d r i d e  t o  d ry  dimethyl formarnide ( 4 )  a t  a s l i g h t l y  e l e v a t e d  

temperature,  f o l l o w e d  by t h e  a d d i t i o n  o f  bronoethane-d5, produced t h e  h i g h e s t  

y i e l d s  o f  3 w i t h  few s i d e  r e a c t i o n s .  

were found t o  c a t a l y z e  d e c a r b o x y l a t i o n  l e a d i n g  t o  t h e  f o r m a t i o n  o f  e t h y l  P - e t h y l -  

- d,-phenylacet ic a r i d  and e t n y l  ?,2-diethyl-$-phenylacet ic  a c i d .  

t i e s  were e l i m i n a t e d  employing anhydrous c o n d i t i o n s .  

A l though many v a r i a t i o n s  o f  t h e  ma lon ic  

Traces o f  wa te r  i n  t h e  r e a c t i o n  m i x t u r e s  

These i m p u r i -  

I n  o r d e r  t o  u t i l i z e  a l l  o f  t h e  v a l u a b l e  bromoethane-c15 i n  t h e  f i r s t  s tep  o f  

Scheme 1, an excess amount o f  s t a r t i n g  m a t e r i a l  was used. I n i t i a l  p u r i f i c a t i o n  

of  t h e  d e s i r e d  i n t e r m e d i a t e  3 - by vacuum d i s t i l l a t i o n s  o r  e x t r a c t i o n s  i n t o  v a r i o u s  

s o l v e n t  systems f a i l e d .  However, i t  was d i scove red  t h a t  excess 1. possessed more 

a f f i n i t y  f o r  and c o u l d  be t rapped on a c t i v a t e d  aluminum ox ide .  Simple e x t r a c t i o n  

of a f r e e  f l o w i n g  povder o f  a lumina,  coa ted  w i t h  t h e  r e a c t i o n  produc ts ,  f o l l o w i n g  

t h e  malon ic  e s t e r  syn thes is ,  produced 3 i n  a h i g h l y  p u r i f i e d  form. 

The condensat ion  o f  t h e  l a b e l l e d  i n t e r m e d i a t e  3- w i t h  e i t h e r  t h i o u r e a  o r  u r e a  a s  

desc r ibed  p rev iou  s l  y f o r  t h e  p r e p a r a t i o n  of non la  be1 1 ed 5 - e t h y l  -5-phenyl  - t h i o b a r -  

b i t u r i c  a c i d  ( 5 , 6 )  o r  phenobarb i ta l  (7 ) ,  r e s p e c t i v e l y ,  genera ted  t w  e t h y l - $  

l a b e l l e d  drugs .  

5 - e t h y l  -65-5-p henyl - hexa hyd ropy r im id  ine-4,6-d ione, 6, (p r im idone-e thy l  -%). 

C a t a l y t i c  hydrogenat ion  o f  4 ~ u s i n g  Raney ’s  c a t a l y s t  ( 3 )  y i e l d e d  

Because phenobarb i ta l -e thy l -d ,  and pr im idone-e thy1-c5  a r e  i d e a l l y  w i t e d  f o r  

mass spec t romet ry  a p p l i c a t i o n s ,  mass s p e c t r a l  comparisons between t h e  n o n l a b e l l e d  

and l a b e l l e d  d rugs  a r e  presented  i n  F i g u r e s  1 and 2, r e s p e c t i v e l y .  The m o l e c u l a r  

i o n  a t  rn/e __ - 232 f o r  n o n l a b e l l e d  phenobarb i ta l  ( F i g u r e  1-A) i s  observed t o  i nc rease  

5 mass u n i t s  t o  rn/e _ -  237 i n  t h e  spectrum o f  t h e  l a b e l l e d  m o l e c u l e  ( F i g u r e  1-B).  

However, t h e  base peak i o n  a t  nJ/e 204  i n  t h e  mass spectrum o f  n o n l a b e l l e d  pheno- 

b a r b i t a l  s h i f t s  o n l y  one mass u n i t  t o  mJg 205 i n  t h e  mass spectrum o f  t h e  l a b e l l e d  

molecu le .  These o b s e r v a t i o n s  con f i rm  e a r l i e r  d a t a  suggest ing  t h e  l o s s  of e t h y l e n e  
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F igu re  1: A-  Mass spec t rum o f  phenobarb i ta l .  
B- Mass spec t rum o f  phenobarb i ta l -e thy l -& .  

and m i g r a t i o n  o f  a hydrogen o r  deu te r ium atom t h r o u g h  a McLa f fe r t y  rear rangement  

(8)  observed w i t h  many 5-su b s t i t u t e d  b a r b i t u r a t e  compounds. 

I n  a s i m i l a r  f a s h i o n ,  p r im idone  r e v e a l s  a m o l e c u l a r  i o n  a t  n~/e 218 ( F i g u r e  2-A) 

wh ich  s h i f t s  t o  m_/e- 223 i n  t h e  mass spectrum o f  primidone-ethyl-+, ( F i g u r e  2-B). 

A l s o  t h e  m i g r a t i o n  o f  a hydrogen o r  deu te r ium atom and subsequent l o s s  o f  e t h y l e n e  

i s  apparent  by t h e  s h i f t  of t h e  i o n  a t  m/g 190 t o  m_//e 191 f o r  n o n l a b e l l e d  and 

l a b e l l e d  pr im idone,  r e s p e c t i v e l y .  

t o  m_/g 151 (F igu re  2-8).  T h i s  r e w i r e s  r e t e n t i o n  o f  t h e  l a b e l l e d  e t h y l  s i d e  c h a i n  

and suggests t h i s  i o n  t o  be an e t h y l - p h e n y l  ke tsne f ragmen t .  High r e s o l u t i o n  mass 

The base peak i o n  a t  m_/e 146 ( F i g u r e  2-A)  s h i f t s  
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s p e c t r a l  ana lyses  (CEC 110) indeed con f i rmed  t h a t  r?_/e 146 and m_//e 151 i n  F i g u r e  2 

were genera ted  f rom C, ,H, ,O+ and C1 ,H,D,O+, r e s p e c t i v e l y .  

+ 

[&,J 
m/e 146 _ -  

I *  I 

F i gu re  2 :  A- Mass spectrum o f  p r im idone .  
B- Mass spectrum o f  p r i m i d o n e - e t h y l - d  
(Spec t ra  were ob ta ined  u s i n g  an H i t a 8 ;  RMU-6L low 
r e s o l u t i o n  mass spec t rometer  i n t e r f a c e d  t o  an  IBM 
1800 computer. Samples were v o l a t i l i z e d  
d i r e c t l y  i n t o  the  i o n  source  o f  t h e  mass spec t rometer ,  
70 eV, E I )  
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CONCLUSIONS 

The r e a c t i o n s  p resen ted  here  revea l  a conven ien t  and inexpens ive  s y n t h e s i s  

of  t h r e e  ethyl-c l ,  l a b e l l e d  drugs. I n  c o n t r a s t  one analogue, phenobarb i ta l -2 ,4 (6 ) ,  

5-13C4 has been prepared by t h e  r e a c t i o n  o f  d i e t h y l  malonate-1 ,2- I3C2 w i t h  bromo- 

benzene i n  l i q u i d  ammonia, f o l l o w e d  by condensat ion  o f  t h e  l a b e l l e d  i n L e r n e d i a t e  

w i t h  e t h y l  i o d i d e  and urea-13C. 

phenobarb i ta l  d e r i v a t i v e s  (10)  and 2-thi0phenobarbital-ethyl-l-~'+C and p h e n o b a r b i t a l -  

e t h y l - l - 1 4 C  analogues (11 )  have r e c e n t l y  been prepared.  

b a r b i t a l - e t h y l - d c ,  probe may p r o v i d e  an a l t e r n a t i v e  t o  e i t h e r  an expens ive  o r  r a d i o -  

a c t i v e l y  l a b e l l e d  probe necessary f o r  o r  used i n  d rug  assays and d rug  metabo l ism 

s t u d i e s .  

A l so  a v a r i e t y  o f  deu te r ium l a b e l l e d  l -methoxymethyl-  

There fore  t h i s  new pheno- 

Th is  new p r im idone-e thy l -d5  analogue has n o t  been r e p o r t e d  p r e v i o u s l y  and i t  

a l s o  shou ld  s a t i s f y  the  need f o r  an i n e x p e n s i v e l y  l a b e l l e d  probp f o r  metabo l is i l i  

s t u d i e s .  I n  f a c t ,  i n i t i a l  s t u d i e s  and f e e d i n g  exper iments  i n  r a t s  ( 2 )  u s i n g  

e t h y l - &  l a b e l l e d  p r im idone  and phenobarb i ta l  demonstrated and c o n f i r r i e d  e a r l i e r  

p roposa ls  (12)  t h a t  t he  ma jo r  m e t a b o l i t e  o f  p r im idone  i s  2-ethyl-2-phenylmalondiamide. 

Also ,  i t  c o u l d  be e a s i l y  shown by u s i n g  these s t a b l e  i s o t o p i c a l l y  l a b e l l e d  probes 

t h a t  phenobarb i ta l  i s  never  i n c o r p o r a t e d  i n t o  t h e  enzymatic pathways l e a d i n g  t o  

the  malondiamide. 

p r im idone  i s  i r r e v e r s i b l y  o x i d i z e d  t o  phenobarb i ta l  which i s  n o t  m e t a b o l i c a l l y  

reduced t o  p r im idone.  

On? c o u l d  a l s o  conc lude f rom these l a b e l l i n g  exper iments  t h a t  
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