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TRITIUM ISOTOPE EFFECT I N  BIRCH REDUCTIONS 
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New Brunswick, New J e r s e y ,  08903 

SUMMARY 

D-2-Aminophenylacetic a c i d  (1) (pheny lg lyc ine ,  PG) w a s  
s u b j e c t e d  t o  a B i r c h  r e d u c t i o n  i n  t h e  p re sence  of t r i t i u m  
ions .  A s u b s t a n t i a l ,  b u t  r e l a t i v e l y  l o w  i s o t o p e  e f f e c t ,  
kH/%=3.51, was found f o r  t h e  r e d u c t i o n  r e a c t i o n .  
r e s u l t i n g  D-2-amino-[3,6- H](1,4-cyclohexadien-l-yl)acetic 
a c i d  (2) (d ihydropheny lg lyc ine ,  DHPG) aromatized r a p i d l y  
by a secondary radio-decomposi t ion t o  a f f o r d  mainly P[3H]G, 
r e s u l t i n g  i n  t h e  p r e d i c t e d  l o s s  of h a l f  t h e  t r i t i u m .  When 
a carbon-14 l a b e l  was used ,  t h e  DHP[14C]G aromatized abou t  
seven t imes  f a s t e r  t h a n  DH[3H]PG normalized t o  t h e  same 
s p e c i f i c  a c t i v i t y ,  when s t o r e d  a s  a s o l i d .  Th i s  d i f f e r e n c e  
is  i n  good agreement w i t h  t h e  r a t i o  p r e d i c t e d  based on t h e  
d i f f e r e n c e  i n  decay e n e r g i e s  f o r  t h e  two i s o t o p e s .  

The 3 
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INTRODUCTION 

I n  drug me tabo l i c  s t u d i e s ,  where low s p e c i f i c  a c t i v i t i e s  a r e  u s u a l l y  em- 

p loyed,  I4C-labeled compounds a r e  normally p r e f e r r e d  ove r  t h o s e  l a b e l e d  w i t h  

t r i t i u m .  The l a t t e r  a r e  p o t e n t i a l  c a n d i d a t e s  f o r  i s o t o p e  e f f e c t s  and may re- 

l e a s e  l a b i l e  t r i t i u m ,  which, i f  n o t  d e t e c t e d ,  may r e s u l t  i n  a d i s t o r t e d  p i c t u r e  

of  t h e  metabolism of t h e  compound. 

Labeled DHPG (F ig .  1) was r e q u i r e d  f o r  t h e  s y n t h e s i s  of two l a b e l e d  s e m i -  

s y n t h e t i c  a n t i b i o t i c s ,  cephrad ine  and e p i c i l l i n .  DHPG was i n i t i a l l y  l a b e l e d  

w i t h  I 4 C ,  b u t  w a s  found t o  be v e r y  u n s t a b l e  and r e a d i l y  conve r t ed  t o  P[14C]G by 

a r o m a t i z a t i o n .  [ C ] - E p i c i l l i n  had similar s t a b i l i t y  c h a r a c t e r i s t i c s ,  whereas 

[ C]-cephradine decomposed abou t  t h r e e  t imes  f a s t e r  t h a n  DHP[ C]G. T h i s  

a r o m a t i z a t i o n  p r e s e n t s  a secondary r ad iodecompos i t ion  which, i n  t h e  c a s e  of low 
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ene rgy  B-emitters, i s  approx ima te ly  p r o p o r t i o n a l  t o  t h e  s p e c i f i c  a c t i v i t y  and 

the energy of  decay of t h e  p a r t i c u l a r  i s o t o p e ,  when t h e  compound i s  s t o r e d  as a 

s o l i d  and t h e  r a d i a t i o n  i s  abso rbed  a t  a r e l a t i v e l y  h i g h  level by t h e  system. 

DH[ H]PG a t  a g i v e n  s p e c i f i c  a c t i v i t y  shou ld ,  t h e r e f o r e ,  a r o m a t i z e  a t  abou t  one- 

e i g h t h  of t h e  r a t e  of DHP[14C]G a t  t h e  same s p e c i f i c  a c t i v i t y ,  s i n c e  t h e  decay 

energy f o r  

3 

3 .  H i s  18 .6  KeV as compared t o  156 K e V  f o r  I4C. 

3 DH[ H]PG w a s  s y n t h e s i z e d  by a mod i f i ed  B i r c h  r e d u c t i o n  as o u t l i n e d  i n  

F ig .  1: 

l i q u i d  NH, 

l i t h i u m  
- 1 -50°C 

*Denotes p o s i t i o n  of 3H. 

2 - 

F i g u r e  1 

3 - 1 D-2-aminophenylacetic a c i d ,  (PG) 
- 2 D-2-amino [ 3 ,  6-3H] (1,4-cyclohexadien-l-yl)acetic a c i d ,  (DH[ H]PG) 

A Birch  r e d u c t i o n  of PG w i t h  m e t a l l i c  l i t h i u m ,  i f  n o t  c a r e f u l l y  c a r r i e d  

o u t ,  w i l l  e i t h e r  r e s u l t  i n  some u n r e a c t e d  PG o r  w i l l  f u r t h e r  r educe  t h e  DHPG t o  

t e t r a h y d r o p h e n y l g l y c i n e  (THPG). T h i s  makes i t  d i f f i c u l t  t o  p r e p a r e  pu re  DHP- 

[ 

opposed t o  14C, p r o v i d e s  t h e  d i s t i n c t  advan tage  t h a t  any u n r e a c t e d  PG w i l l  n o t  

b e  r a d i o a c t i v e .  For  t h i s  r e a s o n ,  t h e  r e d u c t i o n  was c a r r i e d  o u t  on a small s c a l e  

and was pu rpose ly  t e r m i n a t e d  p r i o r  t o  comple t ion .  

t h e n  d i l u t e d  w i t h  u n l a b e l e d  DHPG, which u s u a l l y  c o n t a i n s  1-1.5% PG a s  an impur- 

1 4  C]G on a s m a l l  scale. The u s e  of 3H i n  t h e  s y n t h e s i s  of l a b e l e d  DHPG, as 

3 The r e s u l t i n g  DH [HIPG w a s  

i t y .  

RESULTS AND D I S C U S S I O N  

The r ad iochemica l  y i e l d  f o r  t h e  B i r c h  r e d u c t i o n ,  assuming a complete  ex- 

change w i t h  t h e  t h r e e  hydrogen atoms of ammonia, t h e  two hydrogen atoms of water 

and t h e  one hydrogen atom of e t h a n o l ,  w a s  c a l c u l a t e d  t o  be 0.59%. The e x p e r i -  

men ta l  y i e l d ,  however, w a s  found t o  be on ly  0.17%, i n d i c a t i n g  an  i s o t o p e  e f f ec t .  
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3 A s  t h e  DH[ H]PG w a s  found t o  c o n t a i n  some s e m i l a b i l e  t r i t i u m ,  t h e  t o t a l  

r a d i o c h e m i c a l  y i e l d  of t h e  B i r c h  r e d u c t i o n  was c a l c u l a t e d  from t h e  end p r o d u c t ,  

[ HI-cephradine,  which was p u r i f i e d  by P r e p a r a t i v e  High P r e s s u r e  Liquid Chroma- 

tog raphy  (C-18 Rever se  Phase Column, 4% a c e t o n i t r i l e  i n  w a t e r )  t o  a radiochemi-  

c a l  p u r i t y  of 98.6%, and which had a molar  s p e c i f i c  a c t i v i t y  6.5% lower t h a n  

D H [  H I P G .  

3 

3 

When DHPG, a s  a s o l i d ,  i s  exposed t o  a i r ,  a s m a l l  amount a r o m a t i z e s  back 

t o  PG. The p r e s e n c e  of 6 - r a d i a t i o n  g r e a t l y  a c c e l e r a t e s  t h i s  p r o c e s s ,  due pe r -  

haps t o  t h e  f o r m a t i o n  of NO2 from a tmospher i c  n i t r o g e n  and oxygen. (Exposure 

of DHPG t o  NO r e s u l t e d  i n  t h e  f o r m a t i o n  of t h e  same decomposi t ion p roduc t s . )  

About 60% of t h e  d e g r a d a t i o n  p r o d u c t s  w a s  accounted f o r  as PG; t h e  o t h e r  t h r e e  

major  d e g r a d a t i o n  p r o d u c t s  were n o t  i d e n t i f i e d .  S i n c e  t h e  ra te  of decomposi t ion 

is  a f u n c t i o n  of  s u r f a c e  area, t h e  p re sence  of c e r t a i n  trace i m p u r i t i e s ,  and many 

o t h e r  pa rame te r s ,  an  a c c u r a t e  comparison of t h e  decomposi t ion rates is n o t  

p o s s i b l e  ( 1 ) .  The decomposi t ion r a t e s ,  when t h e  s o l i d  w a s  s t o r e d  a t  5"C, were 

0.3% p e r  mCi/mMole p e r  month f o r  DH[ H]PG (G(-M) va lue :340)  and 2.0% p e r  m C i / m -  

Mole p e r  month f o r  DHP( C)G (G(-M)value:250). The G(-M) v a l u e  ( 1 )  i n d i c a t e s  

how many molecu le s  are decomposed p e r  100 e V  ( e l e c t r o n  V o l t s )  absorbed by t h e  

system. Values  were c a l c u l a t e d  w i t h  t h e  e q u a t i o n s  c i t e d  i n  t h e  r e f e r e n c e ,  ex- 

c e p t  t h a t  t h e  r a d i a t i o n  w a s  assumed t o  be  100% absorbed ,  s i n c e  t h e  a c t u a l  v a l u e s  

were n o t  de t e rmined .  When t h e  p e r c e n t a g e  of  absorbed r a d i a t i o n  is known and i s  

i n t r o d u c e d  i n t o  t h e  e q u a t i o n s ,  t h e  G(-M) v a l u e s  of t h e  t r i t i u m  and carbon-14 

l a b e l e d  DHPG shou ld  be i d e n t i c a l .  For  r e f e r e n c e ,  a compound having a G(-M) 

v a l u e  l a r g e r  t h a n  1 0  is g e n e r a l l y  c o n s i d e r e d  u n s t a b l e .  

2 

3 

1 4  

EXPERIMENTAL 

Materials and Methods 

T r i t i a t e d  water, 30.5 C u r i e s ,  was  p repa red  from t r i t i u m  g a s  and p l a t inum 

o x i d e  by D r .  J .  Moravek of Moravek Biochemicals ,  15302 E.  P r o c t o r  Ave., C i t y  of 

I n d u s t r y ,  C a l i f o r n i a ,  91745. 

L iqu id  s c i n t i l l a t i o n  c o u n t i n g  w a s  c a r r i e d  o u t  on a Model 2425 Packard T r i -  

C a r b s  L iqu id  S c i n t i l l a t i o n  Spec t romete r .  Samples were counted i n  1 5  m l  TX-114 
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c o c k t a i l  ( 2 ) .  E f f i c i e n c i e s  were de te rmined  by t h e  e x t e r n a l  s t a n d a r i z a t i o n  

method. 

Thin-Layer Chromatography 

Support :  C e l l u l o s e ,  Eastman ChromagramB No. 6065 

S p o t t i n g  S o l u t i o n :  1 mg/ml 1 N H C 1  

Amount s p o t t e d :  4 m i c r o l i t e r s ,  4 micrograms 

Developing s o l v e n t :  1-butanol/pyridine/acetic a c i d / w a t e r  (30:20:6:24) 

V i s u a l i z a t i o n :  Cadmium-ninhydrin s p r a y  ( 3 )  

The R v a l u e s  of PG, DHPG and THPG i n c r e a s e  i n  t h i s  o r d e r .  The compounds f 

chromatograph c l o s e  t o g e t h e r  b u t  a r e  r e a s o n a b l y  w e l l  s e p a r a t e d  a t  R c a  0 .7 .  

Ninhydrin g i v e s  a red  c o l o r  w i t h  PG, and a ye l low c o l o r  w i t h  DHPG and THPG, 

which t u r n s  a s t a b l e  r e d  c o l o r  a f t e r  s e v e r a l  hour s .  The amount of unreduced PG 

was de te rmined  by v i s u a l  comparison of t h e  sample w i t h  a ser ies  of DHPG s t and-  

a r d s  c o n t a i n i n g  2, 5, 10 ,  15 and 20% PG. 

f -* 

Birch Reduc t ion  

D-2-Aminophenylacetic a c i d  (PG), 60 mg", was p l aced  i n t o  a 30 m l  r e a c t i o n  

f l a s k  equipped w i t h  a movable s idea rm,  a septum, and a s topcock .  M e t a l l i c  

l i t h i u m ,  1.2 mg ( f o u r  p i e c e s ) ,  w a s  charged i n t o  t h e  s idearm,  connected t o  t h e  

r e a c t i o n  f l a s k  and evacuated on a vacuum l i n e .  Using l i q u i d  n i t r o g e n  t o  c o o l  

t h e  r e c e i v e r ,  abou t  20 mg 3H20  (30.5 C u r i e s )  was d i s t i l l e d  i n t o  t h e  f l a s k ,  f o l -  

lowed by 0.20 m l  e t h a n o l  and 1 .0  m l  l i q u i d  ammonia. The t empera tu re  was in -  

c r e a s e d  t o  - 5 O O C  and t h e  m i x t u r e  s t i r r e d  u n t i l  a s o l u t i o n  w a s  o b t a i n e d .  The 

B i r c h  r e d u c t i o n  w a s  s t a r t e d  by t h e  a d d i t i o n  of t h e  m e t a l l i c  l i t h i u m .  A f t e r  

s t i r r i n g  f o r  5 t o  15 minu tes ,  t h e  r e a c t i o n  was s topped by t h e  a d d i t i o n  of 1 m l  

methanol through t h e  septum. V o l a t i l e  s u b s t a n c e s  were d i s t i l l e d  i n t o  a f l a s k  

f o r  t h e  c o l l e c t i o n  and r a d i o m e t r i c  a s s a y  of t h e  t o t a l  l a b i l e  t r i t i u m ,  which f o r  

p r a c t i c a l  pu rposes  r e p r e s e n t e d  t h e  t o t a l  r a d i o a c t i v i t y  used i n  t h e  r e d u c t i o n .  

3 L a b i l e  t r i t i u m  from DH[ H]PG w a s  l a r g e l y  bu t  n o t  comple t e ly  removed by t h e  

a d d i t i o n  and subsequen t  removal of  1.0 m l  2N NH40H and 1.0 m l  2 N H C 1 .  The 

"Larger  amounts g i v e  s o l u b i l i t y  problems. 
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3 r e s i d u e ,  DH[ HIPG, w a s  d i s s o l v e d  i n  60.0 ml 2 N H C 1  and a s sayed .  Th in - l aye r  

chromatography i n d i c a t e d  5% PG and 95% DH[  HIPG. The r a d i o m e t r i c  a s s a y  showed a 

t o t a l  of 62.0 m C i .  

3 

Unlabeled DHPG, 5.00 g, was added t o  t h e  above s o l u t i o n  and t h e  s o l u t i o n  

t w a s  s t o r e d  a t  room t empera tu re  f o r  1 t o  2 h r  . The pH of t h e  s o l u t i o n  w a s  t hen  

a d j u s t e d  t o  6 .5  by t h e  dropwise a d d i t i o n  of 28% ammonium hydroxide s o l u t i o n ,  

which p r e c i p i t a t e d  t h e  DH[ H]PG. C r y s t a l s  w e r e  removed by f i l t r a t i o n ,  washed 

w i t h  80 m l  d i s t i l l e d  water and 25 m l  e t h a n o l ,  and d r i e d  i n  vacuo ( y i e l d :  4.14 g ,  

85% by mass) .  

3 

3 The r a d i o m e t r i c  a s s a y  of  DH[ H]PG gave  a s p e c i f i c  a c t i v i t y  of 10 .7  pCi/mg. 

When [ HI-cephradine w a s  s y n t h e s i z e d  from t h i s  material wi thou t  t h e  a d d i t i o n  of 3 

carr ier ,  t h e  molar  s p e c i f i c  a c t i v i t y  of  DH[’H]PG was found t o  be 1.55 mCi/mMole 

( s p e c i f i c  a c t i v i t y  of 1 0 . 1  pCi/mg). 

Radioassay of T o t a l  L a b i l e  T r i t i u m  

A l l  l a b i l e  t r i t i u m  w a s  c o l l e c t e d  i n  one c o n t a i n e r ,  t h e  volume a d j u s t e d  t o  

50 m l  and two a l i q u o t s  were a s s a y e d .  A t o t a l  of 30.5 C u r i e s  of 3H w a s  found. 

I s o t o p e  E f f e c t  

The f o l l o w i n g  e q u a t i o n  ( 4 )  w a s  used: kH l o g  (1-F ) 1 _ -  
$ log [l-(FIRp/Ro)l 

3 F1 = f r a c t i o n  of s t a r t i n g  mater ia l  ( H) t h a t  had r e a c t e d  

R 

Ro = s p e c i f i c  a c t i v i t y  of i n i t i a l  r e a c t a n t ;  3H 

= s p e c i f i c  a c t i v i t y  of accumulated p roduc t ;  DH[3H]PG 
P 

T o t a l  m i l l i a t i o n s  of hydrogen (%) i n  t h e  r e a c t i o n :  

DHi3H]PG (MW 153.2) 

Y ie ld ,  m a s s :  60 mg x 0.95 = 57 mg 

Y i e l d ,  t o t a l  mi l i a toms  hydrogen: 

Y i e l d ,  t o t a l  r a d i o a c t i v i t y :  5057 mg x 10.1 pCi/mg = 51 .1  m C i  

126. 

- 57 = 0.74 mAH 
153.2 

+Ear l ie r  experments had shown t h a t  some s e m i l a b i l e  t r i t i u m  is l i b e r a t e d  i n  
a c i d i c  s o l u t i o n .  
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0.74 mAH 
F =  = 0.0059 1 126 mAH 

5 1 . 1  m C i  R =  = 69.1 mCi /mAH p 0.74 mAH 

_ -  kH l o g  (1-0.0059) 
kT log[l-(0.0059 x 69.1/242)] = 3*51 

Aromat i za t ion  

14 DHP[ C]G a s  a s o l i d  (97 uCi/mg; 14.9 mCi/mMole) decomposed by 28% d u r i n g  

14 one month a t  5 ° C ;  ". 60% of  t h e  decompos i t ion  p roduc t  w a s  i d e n t i f i e d  as P [  C I G .  

DH[ H]PG (10 pCi/mg; 1 . 5  mCi/mMole) decomposed by 0.5% when s t o r e d  f o r  one month 

under i d e n t i c a l  c o n d i t i o n s .  

found t o  have h a l f  t h e  s p e c i f i c  a c t i v i t y  of t h e  DH[  HJPG from which i t  o r i g i n a t -  

ed.  

3 

[3H]PG, i s o l a t e d  from a decomposed sample,  w a s  

3 
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