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DEUTERATED BIOGENIC AMINE METABOLITES: 
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Se lec ted  i o n  m o n i t o r i n g  (SIM) assays a r e  now w i d e l y  used f o r  measur ing  t h e  

c o n c e n t r a t i o n s  o f  monoamine n e u r o t r a n s m i t t e r s  and t h e i r  m e t a b o l i t e s  i n  u r i n e ,  

b lood ,  ce reb rosp ina l  f l u i d ,  and b r a i n  e x t r a c t s  (1-5).  A l though these assays 

have a h i g h  degree o f  s e n s i t i v i t y  and s p e c i f i c i t y ,  t h e  success fu l  a p p l i c a t i o n  

o f  them t o  r o u t i n e  work r e q u i r e s  t h e  a v a i l a b i l i t y  o f  s u i t a b l e  i n t e r n a l  stand- 

a rds .  For  p r e c i s e  and s p e c i f i c  q u a n t i t a t i v e  S I M  assays i s o t o p i c a l l y  l a b e l l e d  

analogues a r e  g e n e r a l l y  p r e f e r r e d  as i n t e r n a l  s tandards .  

mande l ic  a c i d  (commonly r e f e r r e d  t o  as v a n i l l y l m a n d e l i c  a c i d  (VMA)) l a b e l  l e d  

w i t h  deuter ium i n  t h e  methoxy group has been prepared b o t h  enzymat i ca l l y ,  f rom 

S-adenosyl-L-methionine-methyl-d3 and d ihydroxymande l ic  a c i d  u s i n g  ca techo l -  

0-methyl t r a n s f e r a s e  ( 4 ) ,  and c h e m i c a l l y  from ca techo l ,  deu te ra ted  iodomethane, 

and g l y o x y l i c  a c i d  ( 6 ) .  R ing-deutera ted  VMA can be  prepared b y  a hydrogen- 

deu te r ium excnange r e a c t i o n  under a c i d  c o n d i t i o n s  ( 2 ) ,  b u t  because o f  r a p i d  

p o l y m e r i z a t i o n  o f  VMA under these c o n d i t i o n s ,  t h e  y i e l d  i s  v e r y  low and i t  i s  

d i f f i c u l t  t o  p u r i f y  t h e  f i n a l  p roduc t  ( 5 ) .  We w ish  t o  r e p o r t  t h a t  i n  one s t e p  

u s i n g  t h e  p l a t i n u m  c a t a l y z e d  r e a c t i o n  between aromat ic  r i n g  p ro tons  and deuter -  

ium o x i d e  ( 7 ) ,  we have been a b l e  t o  prepare,  i n  reasonab le  y i e l d ,  c r y s t a l l i n e  

r i n g - d e u t e r a t e d  VMA s u i L a b l e  f o r  use as an i n t e r n a l  s tandard  i n  S I M  assays. 

4-Hydroxy-3-methoxy- 

P l a t i n u m  o x i d e  (132 mg, 0.6 mmol) was suspendeo i n  water  ( 1 2  m l )  and, w i t h  

ca re  taken t o  ensure t h a t  t h e  tempera ture  d i d  n o t  go above 50°C, reduced b y  t h e  

c a u t i o u s  and s tepw ise  a d d i t i o n  o f  sodium bo rohydr ide  (920 mg, 24 mmol). 

p l a t i n u m  was then washed seve ra l  t imes by  decan ta t i on  w i t h  water  and, a f t e r  

The 
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warming t h e  s l u r r y  t o  70"C, t h e  me ta l  was p e l l e t e d  by c e n t r i f u g a t i o n  (3,000 x g 

15 min) .  

c e n t r i f u g a t i o n  and then  b l o t t e d  d r y  and p laced  i n  equal  p r o p o r t i o n s  i n  f o u r  

g lass  ampoules ( 2  i n  x 0.75 i n )  each c o n t a i n i n g  1 .1  m l  o f  D20 (616 mmol, 99.7 

atom pe rcen t  deu te r ium)  and 10 mg o f  VMA (0.06 mmol). A f t e r  connec t ing  t h e  

ampoules t o  a mechanical  pump, w i t h  a l i q u i d  n i t r o g e n  t r a p  and an i s o l a t i o n  

v a l v e  i n  t h e  l i n e ,  t h e  m i x t u r e s  were t h o r o u g h l y  degassed. T h i s  was ach ieved by  

f r e e z i n g  t h e  con ten ts  o f  each ampoule and evacua t ing  t h e  headspaces. 

vacuum l i n e  c l o s e d  t h e  c o n t e n t s  o f  t h e  ampoules were then  a l l owed  t o  thaw. 

T h i s  process was repeated  f i v e  t imes,  a f t e r  which, w h i l e  t h e  D20 was s t i l l  

f r ozen  and under vacuum, t h e  neck o f  each ampoule was sea led  i n  a f lame.  

F o l l o w i n g  i n c u b a t i o n  f o r  3 weeks a t  room tempera ture  w i t h  c o n t i n u a l  a g i t a t i o n  

t h e  con ten ts  o f  t he  ampoules were removed and q u i c k l y  f i l t e r e d .  The f i l t r a t e s  

were combined and f i r s t  a c i d i f i e d  (4N HCOOH, 200 p l )  and then e x t r a c t e d  w i t h  

e t h y l  a c e t a t e  ( 3  x 4 m l ) .  

charcoa l  and f i l t e r e d  aga in .  The s o l v e n t  was then removed f rom t h e  f i l t r a t e  

i n  a s t ream o f  n i t r o g e n ,  and t h e  rema in ing  y e l l o w  o i l  immedia te ly  c r y s t a l l i z e d  

when sc ra tched  w i t h  a s p a t u l a  a f t e r  t h e  a d d i t i o n  o f  benzene (2 .0  m l ) .  The 

r e s u l t i n g  w h i t e  needles were c o l l e c t e d  by  f i l t r a t i o n  and d r i e d  under vacuum. 

The p e l l e t  was resuspended i n  D20 (1  m l )  and p e l l e t e d  aga in  by  

Wi th  t h e  

The poo led  o r g a n i c  l a y e r s  were shaken w i t h  a c t i v a t e d  

For  ana lys i s ,  t h e  co r respond ing  p e n t a f l u o r o p r o p i o n y l  (PFP) d e r i v a t i v e  was 

Res idua l  reagen ts  were removed i n  a s t ream o f  n i t r o g e n  and t h e  prepared ( 8 ) .  

d e r i v a t i z e d  p roduc t  was r e d i s s o l v e d  i n  e t h y l  ace ta te  f o r  gas chromatography 

which was c a r r i e d  o u t  on a s i l a n i z e d  g l a s s  column ( 6  f t  x 2 mm i . d . )  packed 

w i t h  3 pe rcen t  OV-17. Mass s p e c t r a  were reco rded  w i t h  a F i n n i g a n  3200 Quadru- 

p o l e  mass spec t rometer  i n  which the  parameters o f  t h e  source  were man ipu la ted  

t o  maximize t h e  s i g n a l  o f  t h e  i o n  a t  m/e 464 ob ta ined  f rom s tandard  c a l i b r a t i o n  

gas (perfluorotributylamine). 

The PFP d e r i v a t i v e  o f  deu te ra ted  VMA showed on ly  one GC peak which had a 

r e t e n t i o n  t i m e  i d e n t i c a l  t o  t h a t  o f  t he  PFP d e r i v a t i v e  o f  a u t h e n t i c  VMA (3.1 

min when t h e  column was programmed a t  a r a t e  o f  4'C/min f rom an i n i t i a l  

s t a r t i n g  tempera ture  o f  1 l O ' C ) .  The presence o f  two and p redominan t l y  t h r e e  

deuter ium atoms i n  t h e  l a b e l l e d  sample i s  i n d i c a t e d  f rom a comparison o f  t h e  
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mass spec t ra  ( F i g u r e  1). 

t h e  deu te r ium atoms a r e  l o c a t e d  on t h e  a romat i c  r i n g  w i t h  t h e  t h i r d  deu te r ium 

atom on t h e  a-carbon atom o f  t h e  s i d e  cha in .  

acetone con f i rmed  t h e  complete loss o f  t h e  aromat ic  p ro tons  on t h e  carbon atoms 

des ianated  5 and 6 i n  F i g u r e  1, w i t h  app rox ima te l y  75 percen t  l o s s  o f  t h e  

a-pro ton .  

The proposed f ragmenta t ion  p a t t e r n  suggests two o f  

NMR a n a l y s i s  (60 MH,) i n  d6- 

Us ing  r e a c t i o n  m i x t u r e s  o f  t h e  same compos i t ion  as a l ready  descr ibeo,  we 

have s t u d i e d  t h e  e f f e c t s  o f  b o t h  tempera ture  and t ime  on t h e  r a t e  o f  p r o d u c t i o n  

of  d3-VMA and t h e  r e c o v e r y  o f  VMA . A t  t h e  comple t ion  o f  each incuba t ion ,  

100 pg  o f  3-methoxy-4-hydroxyphenylacetic a c i d  ( h o m o v a n i l l i c  ac id ,  HVA) i n  100 

u l  of H20 was added as an i n t e r n a l  s tandard  t o  10 111 a l i q u o t s  o f  each reac-  

t i o n  m i x t u r e .  PFP d e r i v a t i v e s  were then prepareu o f  t h e  l y o p h i l i z e d  a l i q u o t e d  

samples. 

t i e s  o f  t h e  mo lecu la r  i ons  o f  t h e  do, dl, d2 and d3 spec ies  ( co r res -  

pond ing  t o  t h e  i ons  a t  mle 622, 623, 624 and 625 r e s p e c t i v e l y ) .  The recove ry  

o f  VMA was es t ima ted  f rom t h e  combined i n t e n s i t i e s  o f  t h e  mo lecu la r  i o n s  o f  t h e  

do, d l ,  d2, and d3 spec ies  r e l a t i v e  t o  t h e  i n t e n s i t y  o f  t h e  mo lecu la r  

ion o f  t h e  PFP d e r i v a t i v e  o f  HVA (m/e 460) wh ich  e l u t e d  immedia te ly  a f t e r  VMA 

f rom t h e  GC column. 

The p roduc t i on  of  d3-VMA was es t ima ted  f rom t h e  r e l a t i v e  i n t e n s i -  

P roduc t i on  of  d3-VMA was maximal a f t e r  3 weeks i n c u b a t i o n  a t  room 

tempera ture  when t h e  d3-species accounted f o r  70 percen t  o f  t h e  VMA p resen t .  

A t  t h i s  p o i n t  t h e  recove ry  o f  VMA was es t ima ted  t o  b e  79 percent .  I n c u b a t i o n  

o f  t h e  r e a c t i o n  ampoules a t  e i t h e r  35'C o r  5S'C d i d  n o t  appear t o  s i g n i f i c a n t l y  

decrease t h e  t ime  necessary  f o r  maximal p r o d u c t i o n  o f  t h e  d -species,  and 

a f t e r  3 weeks a t  these tempera tures  t h e  recove ry  o f  VMA was es t ima ted  t o  be 32 

p e r c e n t  and 21 pe rcen t  r e s p e c t i v e l y .  

3 

P roduc t i on  o f  deu te ra ted  VMA on a l a r g e r  sca le ,  u s i n g  100 mg o f  VMA, 330 mg 

o f  p la t inum,  2.3 g o f  sodium bo rohyar iae  and 7 m l  o f  D20, y i e l d e d  30  mg o f  

d r i e d  c r y s t a l l i n e  p roduc t  ( 3 0  pe rcen t  y i e l d ) .  GC/MS a n a l y s i s  o f  t he  PFP 

d e r i v a t i v e  suggested t h e  p roauc t  c o n s i s t e d  o f  a m i x t u r e  o f  t h e  d2- and d3- 

spec ies  i n  t h e  approx imate  r a t i o s  o f  1 . 3 : l  r e s p e c t i v e l y .  

As another  example o f  t h e  u t i l i t y  o f  t h i s  method f o r  p r e p a r i n g  aeu te ra ted  
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aromatic compounds we have a l s o  been able  t o  prepare, using the  same approach, 

r i n g  deuteratea 3-methoxy-4-hyaroxyphenylethylene glycol ,  metanephrine and 

normetanephrine, f o r  use as an in te rna l  s tandard in  SIM assays.  This method 

of preparing i s o t o p i c a l l y  label.led in te rna l  s tandards i s  worthy of meri t  f o r  

t h e  preparation of deuterated water so luble  aromatic compounds on a small 

sca le  because i t  avoids complex s y n t h e t i c  chemistry, i s  simple, and can afford 

the deuterated products i n  r e l a t i v e l y  h i g h  y i e l d .  

VMA-PFP 

I t  i P *  
19 
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I 

299 

>600 x ! 

J 
I 

Figure 1 .  €1 mass spec t ra  o f  the PFP d e r i v a t i v e s  o f  a sample o f  deuterated 

( t o p )  and undeuterated VMA (bottom). 
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