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SYNTHESIS OF DEUTERIUM-LABELED I M I P R A M I N E  USING ACID-CATALYZED EXCHANGE REACTION 
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1432-1, Hor inouchi .  H a c h i o j i .  Tokyo 192-03, Japan 

SUmARY 

Synthesis  o f  t h r e e  forms o f  s e l e c t 1  v e l y  deu te ra ted  imipramine w i t h  

h i g h  i s o t o p i c  p u r i t y  u s i n g  a c i d  c a t a l y z e d  hydrogen-deuterium exchange 

r e a c t i o n  i s  described. Deuterated imipramine l a b e l e d  a t  t h e  p o s i t i o r s  

o f  2.4.6 and 8 [ IP-d4( I ) ]  was prepared d i r e c t l y  by h e a t i n g  imipramine 

i n  10% DC1-D20 a t  80" f o r  8hr. Imipramine l a b e l e d  a t  a l l  o f  t h e  e i g h t  

a r o m a t i c  p o s i t i o n s  ( IP -dg )  was s y n t h e s i z e d  f r o m  i m i n o d i b e n z y l -  

1,2,3,4,6,7,8,9-d8 w h i c h  was p r e p a r e d  b y  t r e a t i n g  im inod ibenzy l  (IDB) 

i n  37% DCl-D20 a t  160" f o r  24hr. And imipramine l a b e l e d  a t  t h e  pos i -  

t i o n s  o f  1.3.7 and 9 [ IP -d4 ( I I ) ]  was ob ta ined  b y  "back-exchange'' o f  IP- 
dg u n d e r  t h e  p r o t i o  c o n d i t i o n  a c c o r d i n g  t o  t h e  exchange p r o c e d u r e  o f  

IP-d4( I ) .  

Key words : I m i  pram i ne-1 ,3,7.9-d4, I m i  prami ne-l.2,3.4.6,7.8,9-dg. I m i  nodi  benzy 1 - 

1,2.3.4.6.7.8.9-d8. Ac id -ca ta l yzed  exchange reac t i on ,  NMR Spectrum 

INTRODUCTION 

The a p p l i c a t i o n  o f  s t a b l e  i s o t o p i c a l l y  l a b e l e d  drugs i n  c l i n i c a l  pharmacoki- 

n e t i c  s t u d i e s  has r a p i d l y  increased i n  r e c e n t  years'-3. One o f  t h e  major  advan- 

t a g e s  o f  u s i n g  s t a b l e  i s o t o p i c a l  l y  l a b e l e d  d r u g s  i s  t h a t  t h e s e  s t u d i e s  c a n  be 

conducted i n  p a t i e n t s  d u r i n g  and w i t h o u t  i n t e r r u p t i o n  o f  therapy by s u b s t i t u t i n g  

t h e  normal dose w i t h  a p u l s e  dose o f  t h e  l a b e l e d  drug. 

Imipramine i s  a member o f  t r i c y c l i c  an t i dep ressan t  and i s  u s u a l l y  adminis-  

t r a t e d  t o  d e p r e s s i v e  p a t i e n t s  d a i l y .  The measurement o f  plasma o r  serum l e v e l s  o f  

t h i s  d r u g  as a means o f  m o n i t o r i n g  and t i t r a t i n g  c l i n i c a l  r e s p o n s e  i s  o f t e n  

d e s i r a b l e  f o r  e f f e c t i v e  and sa fe  drug therapy. I t  i s  w e l l  known t h a t  e l i m i n a t i o n  

r a t e s  o r  t o t a l  body c lea rance  o f  imipramine v a r y  marked ly  among pa t ien ts4 i5 .  I n  
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o r d e r  t o  s t u d y  t h e  p h a r m a c o k i n e t i c s  o f  t h e  d r u g  i n  p a t i e n t s  d u r i n g  l o n g  t e r m  

t rea tment ,  t h e  most r e l i a b l e  method f o r  s t u d y i n g  changes i n  d rug  d i s p o s i t i o n  i s  

t o  employ s t a b l e  i s o t o p e  methodology. Success depends upon 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 s o t o p i c a l l y  l a b e l e d  compounds f o r  t h e  p h a r m a c o k i n e t i c  s t u d i e s  u s i n g  

GLC-mass s p e c t r o m e t r y .  T h i s  p a p e r  d e s c r i b e s  t h e  p r e p a r a t i o n  o f  t h r e e  forms o f  

d e u t e r i u m  1 a b e l e d  i m i p r a m i n e  u s i n g  h y d r o g e n - d e u t e r i u m  exchange  r e a c t i o n .  

EXPERIMENTAL 

D e u t e r i u m  c h l o r i d e  ( D C 1 ,  99  a tom 0%) and  d e u t e r i u m  o x i d e  (020. 99.75 a tom 

'H-NMR s p e c t r a  were  d e t e r m i n e d  on a V a r i a n  0%) were  o b t a i n e d  f r o m  E. Merck.  

EM-390 90 MHz NMR Spectrometer u s i n g  carbon t e t r a c h l o r i d e  as a s o l v e n t  w i t h  t e t r a -  

m e t h y l s i l a n e  as t h e  i n t e r n a l  standard. Mass spec t ra  were recorded on a H i t a c h i  

Doub le  Focus ing  Mass Spectrometer M-80 ( i o n i z a t i o n  energy : 70 eV. d i r e c t  i n l e t ) .  

De te rm ina t ion  o f  c o n d i t i o n s  f o r  t h e  exchange r e a c t i o n  

A s o l u t i o n  o f  im ipramine h y d r o c h l o r i d e  (100 mg) o r  im inod ibenzy l  (100 mg) i n  

DC1-D20 ( 3  m l )  was h e a t e d  i n  a n i t r o g e n - f i l l e d  s e a l e d  g l a s s  t u b e  u n d e r  t h e  

v a r i o u s  c o n d i t i o n s  shown i n  Tab les  I and 11. The r e a c t i o n  m i x t u r e  was ad jus ted  

t o  pH 10 w i t h  3N NaOH a t  0". and e x t r a c t e d  t h r e e  t i m e s  w i t h  n -hexane ( 3 0  m l ) .  

The combined e x t r a c t  was washed we1 1 w i t h  wa te r ,  d r i e d  o v e r  a n h y d r o u s  sod ium 

s u l f a t e ,  and t h e n  e v a p o r a t e d  t o  d r y n e s s  u n d e r  r e d u c e d  p r e s s u r e .  The e x t e n t  o f  

d e u t e r a t i o n  o f  im ipramine and im inod ibenzy l  were f o l  lowed by 'H-NMR Spectroscopy. 

Imipramine-2,4.6,8-d4 

A s o l u t i o n  o f  i m i p r a m i n e  h y d r o c h l o r i d e  (500 mg, 1.58 mmol) i n  10% DC1-020 

(15  m l )  was h e a t e d  a t  80" f o r  8 h r  i n  a n i t r o g e n - f i l  l e d  s e a l e d  g l a s s  tube.  The 

m i x t u r e  was a d j u s t e d  t o  pH 10  w i t h  3N NaOH a t  0 "  and e x t r a c t e d  t h r e e  t i m e s  w i t h  

n-hexane (60 m l ) .  The combined e x t r a c t  was washed w e l l  w i t h  water  and d r i e d  o v e r  

anhydrous sodium s u l f a t e .  The s o l u t i o n  was evapora ted  t o  dryness under reduced 

p ressu re  t o  g i v e  imipramine-2.4.6.8-d4 as a y e l l o w i s h  o i l  (448 mg. To a 

s o l u t i o n  o f  t h e  m a t e r i a l  i n  a c e t o n e  (30  m 1 ) w a s  added a c e t o n e  ( 5  m l )  s a t u r a t e d  

w i t h  hydrogen c h l o r i d e  gas a t  0" and t h e  s o l u t i o n  was evapora ted  t o  d ryness  under 

r e d u c e d  p r e s s u r e  a t  room t e m p e r a t u r e .  The r e s i d u e  was r e c r y s t a l l i z e d  f r o m  

99.7%). 
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acetone t o  g i v e  im iprami  ne-2,4.6.8-d4 hydroch 1 o r i  de. 

Iminodibenzyl-1,2,3,4.6,7.8.9-d~ 

A s o l u t i o n  o f  i m i n o d i b e n z y l ( 2 . 0 0  g. 10.2 mmol )  i n  37% D C l - D z O  (60  m l )  was 

h e a t e d  a t  160"  f o r  2 4 h r  i n  a n i t r o g e n - f i l l e d  s e a l e d  g l a s s  t u b e .  The r e a c t i o n  

m i x t u r e  was a d j u s t e d  t o  pH 10 w i t h  10N NaOH a t  0" and e x t r a c t e d  t h r e e  t imes  w i t h  

n-hexane (100 m l ) .  The combined e x t r a c t  was washed w e l l  w i t h  water  , d r i e d  o v e r  

anhydrous sodium s u l f a t e ,  and then  evapora ted  t o  d ryness  under reduced pressure.  

The exchange r e a c t i o n  was repea ted  acco rd ing  t o  the  procedure  as desc r ibed  above. 

Iminodibenzyl-1,Z,3,4.6.7.8,9-dg was o b t a i n e d  as y e 1  l o w i s h  c r y s t a l s  (1.60 g. 

76.9%). 

Imipramine- l ,Z.  3.4.6.7.8.9-dg 

Imipramine-1.2.3.4,6,7,8,9-d8 was syn thes i zed  acco rd ing  t o  t h e  procedure  o f  

W. S c h i n d l e r  e t  a1.6 Sodium (0.4 g) was s t i r r e d  i n  l i q u i d  ammonia (30 m l )  i n  t he  

presence o f  Fe(NO3)3.9H20 (3  mg) f o r  l h r  a t  about  -40". To t h e  sodium amide t h u s  

o b t a i  ned was added d r o p w i s e  a s o l  u t i  on o f  i m i n o d i  benzy l -1 ,Z .  3.4.6.7.8.9-dg 

(1.609. 7.87 mmol)  i n  d r y  benzen (30  m l )  a t  room t e m p e r a t u r e  and t h e  m i x t u r e  was 

heated a t  78" f o r  l h r .  To t h e  m i x t u r e  was added dropwise  3-d imethy laminopropy l  

c h l o r i d e  (1.20 g. 10.0 m m o l )  i n  d r y  benzene ( 2 0  m l )  a t  room t e m p e r a t u r e ,  and t h e  

m i x t u r e  was r e f l u x e d  f o r  8hr. A f t e r  decomposing excess sodium amide c a u t i o u s l y  

w i t h  w a t e r ,  t h e  p r o d u c t  was e x t r a c t e d  t h r e e  t i m e s  w i t h  2N HC1 ( 30  m l  ). The 

comb ined  e x t r a c t  was a d j u s t e d  t o  pH 10 w i t h  5N NaOH and t h e n  e x t r a c t e d  w i t h  

d i e t h y l e t h e r .  The s o l u t i o n  was washed we1 1 w i t h  w a t e r ,  d r i e d  o v e r  anhydrous  

sodium s u l f a t e ,  and evapora ted  t o  dryness under reduced pressure. The r e s i d u e  was 

chromatographed u s i n g  s i l i c a  g e l  w i t h  a m i x t u r e  o f  c h l o r o f o r m  and methanol  (3 : l )  

as e l u a n t  t o  g i v e  imipramine-~.2.3.4.6,7,8,9-d8 as a y e l l o w i s h  o i l  (1.03 g, 

45.4%). The H C 1  s a l t  o f  t h i s  m a t e r i a l  was prepared acco rd ing  t o  t h e  procedure  o f  

imipramine-2,4.6.8-d4 h y d r o c h l o r i d e  desc r ibed  above. 

I m i  prami ne-1 ,3,7.9-d4 

A s o l u t i o n  o f  imipramine-1.2.3.4.6,7,8,9-d8 (4451719. 1.54 mmol)  i n  10% HC1- 

H20 ( 1 5  m l )  was h e a t e d  a t  80" f o r  8 h r  i n  a n i t r o g e n - f i l  l e d  s e a l e d  g l a s s  tube.  

The m i x t u r e  was then worked up i n  t h e  same manner as t h e  p rcedure  o f  imipramine- 
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2.4.6.8-d4 t o  g i v e  Imipramine-1.3,7,9-d4 as a y e l l o w i s h  o i l  (428 mg, 97.5%). 

HC1 s a l t  o f  t h i s  m a t e r i a l  was ob ta ined  i n  about  60% y i e l d .  

The 

RESULTS AND DISCUSSION 

T h e r e  h a v e  been s e v e r a l  r e p o r t s  c o n c e r n i n g  t h e  s y n t h e s i s  o f  d e u t e r i u m  

l a b e l e d  i m i p r a m i n e .  The s t r u c t u r e  o f  im ipramine i s  as f o l l o w s :  

J-P. D u b o i s  e t  a l . 7  and J. R. G e i g y 8  s y n t h e s i z e d  i m i p r a m i n e s  l a b e l e d  w i t h  

two deu te r ium atoms a t  t h e  benzy l  p o s i t i o n s  o f  t h e  d ibenzazep ine  r i n g .  Deuter ium 

atoms o f  these p o s i t i o n s  a r e  c h e m i c a l l y  s t a b l e .  Problems due t o  t h e  m e t a b o l i c  

l o s s  o f  d e u t e r i u m  atoms n e g l i g i b l e  because  o f  h y d r o x y l a t i o n  a t  t h e  l a b e l i n g  

p o s i t i o n s  of  t h i s  d rug  i s  n o t  p r e v a l e n t  i n  humans’. However, n e i t h e r  o f  these 

l a b e l e d  compounds seems t o  be s u i t a b l e  f o r  t h e  accu ra te  and s e l e c t i v e  mass spec- 

t r o m e t r i c  a n a l y s i s  because o f  t h e  i n t e r f e r e n c e  f rom ( M + Z ) +  i o n  o r i g i n a t e d  from 

t h e  n a t u r a l  abundance o f  i s o t o p e s  i n  t h e  non- labe led  imipramine, where M+ i s  t h e  

m o l e c u l a r  ion. I n  t h e  mass s p e c t r o m e t r i c  a n a l y s i s  by  c h e m i c a l - i o n i z a t i o n  (CI)  

s e l e c t e d  i o n  n o n i t o r i n g .  even t h r e e  deu te r ium atoms pe r  m o l e c u l e  ( imipramine-d3) 

may be i n s u f f i c i e n t .  I n  t h e  C I  mass spec t ra  o f  t h e  r e g i o n  o f  t h e  m o n i t o r i n g  i o n  

a t  m / z  251 [ ( M t l ) ’ ] ,  an i o n  a t  m / z  2 7 9  [(M-l)’] i s  p r o d u c e d  f r o m  t h e  l o s s  o f  a 

hydrogen atom from t h e  m o l e c u l a r  ion. The cor respond ing  i o n  due t o  t h e  l o s s  o f  

one d e u t e r i u m  a tom f r o m  i m i p r a m i n e - d 3 ,  (M+3-2)+ wou ld  c o i n c i d e  w i t h  t h e  (Mtl)’ 

i o n  o f  u n d e u t e r a t e d  i m i D r a m i n e  and w o u l d  c o n s t i t u t e  an i n t e r f e r e n c e  f r o m  

irnipramine-d3. It was necessary t o  p repare  l a b e l e d  i m i p r a n i n e  w i t h  h i g h  deute- 

r i u m  conten t ,  i n t r o d u c i n g  a t  l e a s t  f o u r  deu te r ium atoms pe r  mo lecu le .  Im ipramine 

l a b e l e d  w i t h  two, t h r e e  o r  s i x  deu te r ium atoms i n  t h e  me thy l  g roup o f  d i m e t h y l -  

a n i n o p r o p y l  s i d e  c h a i n  were  a l s o  s y n t h e s i z e d l O * ” .  The m a t e r i a l s ,  however ,  

e x h i b i t e d  s i g n i f i c a n t  phys icochemica l  o r  b i o l o g i c a l  i s o t o p e  e f f e c t  on t h i n  l a y e r  
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c h r o m a t o g r a p h i c  (TLC) p u r i f i c a t i o n "  and on  t h e  d e m e t h y l a t i o n  p r o c e s s  i n  t h e  

me tabo l i sm o f  im ipramine t o  des ip ramine 13 . 
S e v e r a l  methods have been deve loped  f o r  t h e  d e u t e r a t i o n  of aromat i c  r i n g s  o f  

imipramine. i n c l u d i n g  t h e  use o f  CF3COOD-or C3F7COOD-D20. CH3COC l - D 2 0 - D C 1  and 

CH3COOD-D2D i n  t h e  presence o f  RhC13 Under these exchanging 

media,  h y d r o g e n s  a t  t h e  p o s i t i o n s  o f  2.4.6 and 8 o f  i m i p r a m i n e  [ ( I P - d 4 ( I ) ]  were  

d i s p l a c e d  w i t h  deu te r ium atoms. The i s o t o p i c  p u r i t y  o f  d4-form. however, was n o t  

h i g h .  i n c l u d i n g  d2- and d3 - fo rms  i n  t h e  m a t e r i a l .  The m a t e r i a l  may a l s o  be 

i n v o l v e d  w i t h  an i s o t o p e  e f f e c t  on  h y d r o x y l a t i o n  a t  2 - p o s i t i o n  s u c h  as i n  t h e  

me tabo l i sm o f  im ipramine t o  2 -hydroxy imipramine o r  2 - h y d r o x y d e s i p r a m i n e ,  w h i c h  

i s  a m a j o r  m e t a b o l i c  pa thway  i n  humans17. I t  was s u g g e s t e d  t h a t  t h e r e  i s  a 

s i g n i f i c a n t  s e l e c t i v i t y  i n  t h e  d e u t e r a t i o n  o f  a romat i c  r i n g s  by exchange r e a c t i o n  

and t h a t  t h e  hydrogens a t  t h e  p o s i t i o n s  o f  1.3.7 and 9 s h o u l d  be c h e m i c a l l y  and 

m e t a b o l i c a l l y  s t a b l e .  

as c a t a l y ~ t ' ~ - ~ ~ .  

I n  ou r  s tudy  t o  syn thes i ze  deu te r ium l a b e l e d  im ipramine f o r  pharmacok ine t ic  

s tud ies ,  s p e c i a l  a t t e n t i o n  was p a i d  t o  t h e  s e l e c t i v e  deu te r ium l a b e l i n g  a t  t h e  

p o s i t i o n s  o f  1 . 3 . 7  and 9 [ I P - d 4 ( I I ) ] .  These p o s i t i o n s  were  chosen  n o t  o n l y  

because t h e y  o f f e r e d  t h e  p o s s i b i l i t y  o f  i n t r o d u c i n g  f o u r  deu te r ium atoms b u t  a l s o  

because t h e y  seemed n o t  t o  s u f f e r  f rom s e r i o u s  prob lems due t o  l o s s  o f  l a b e l i n g  

atoms and i s o t o p e  e f f e c t s .  An a t tempt  was f i r s t  made t o  syn thes i ze  two k inds  o f  

im ipramines  deu te ra ted  a t  a l l  o f  t h e  e i g h t  a romat i c  p o s i t i o n s  ( 1 P - d ~ )  and a t  t h e  

p o s i t i o n s  o f  2.4.6 and 8 [ I P - d 4 ( I ) ]  w i t h  h i g h  i s o t o p i c  p u r i t y  u s i n g  exchange 

reac t i on ,  because IP-d4( I I )  s h o u l d  be ob ta ined  by "back-exchange" o f  IP-dg under 

t h e  p r o t i o  c o n d i t i o n s  acco rd ing  t o  t h e  procedure  of  IP-d4(I). 

We employed DC1-D20 as a s o l v e n t - r e a g e n t  system, wh ich  has been w i d e l y  used 

t o  d e u t e r a t e  a romat i c  compounds e l e c t r o p h y l i c a l l y .  The e x t e n t  o f  d e u t e r a t i o n  o f  

im ipramine was f o l  lowed by 'H-NMR spec t roscopy  and t h e  deu te r ium c o n t e n t s  were 

e x a c t l y  d e t e r m i n e d  b y  e l e c t r o n  i m p a c t  ( E I )  mass s p e c t r o m e t r y .  The ' H - N M R  and 

mass s p e c t r a  o f  deu te ra ted  im ipramine t r e a t e d  w i t h  10% DCl -DZO a t  80" f o r  8 h r  and 

u n l a b e l e d  r e f e r e n c e  a r e  g i v e n  i n  F igs .  1 ( A  and B)  and 2 ( A  and B). I n  F ig .  16, 

p r o t o n  s i g n a l s  o t h e r  than  aromat ic  r e g i o n s  o f  deu te ra ted  im ipramine a r e  t h e  same 
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as t h o s e  o f  u n l a b e l e d  r e f e r e n c e  

im ipramine showed t h a t  t h e  m a t e r i a l  

ma t i c  r i n g s  (99%). I t  i s  w e l l  es tab  

S. Hobo ct al. 

i n  F ig .  1A. B o t h  s p e c t r a  o f  d e u t e r a t e d  

con ta ined  f o u r  deu te r ium atoms i n  t h e  aro- 

i shed  t h a t  e lec t ron -donor  s u b s t i t u e n t s  such 

as a d imethy lamino group i n  t h e  a r o m a t i c  r i n g  a c c e l e r a t e  e l e c t r o p h i  1 i c  d e u t e -  

r a t i o n  p r i n c i p a l l y  b y  a c t i v a t i o n  o f  t h e  o r t h o  and pa= p o s i t i o n s  I t  was 

reasonab le  t o  assume t h a t  f o u r  deu te r ium atoms en te red  t h e  ortho and para pos i -  

t i o n s  o f  t h e  N-pheny l -N-a1 k y l a n i  1 i n o  m o i e t y  i n  t h e  i m i p r a m i n e  m o l e c u l e  [ I P -  

d q ( I ) ] .  These p o s i t i o n s  were a l s o  d e u t e r a t e d  c o m p l e t e l y  by  h e a t i n g  im ipramine i n  

10% DCl-D20 a t  110" f o r  8h r  (99%). I n  t h e  r e a c t i o n  o f  10% DC1-020 a t  80" f o r  l h r ,  

18 . 

Tab le  I The Chemical Y i e l d s  and The E x t e n t  o f  D e u t e r a t i o n  a t  The Aromat ic  

P o s i t i o n s  o f  Im ipramine under Var ious  Exchange React ion  Cond i t i ons  

Us ing  DC1-D20 as A so lvent -Reagent  System 

React ion  React i o n  Chemical lIeuteri 
Temp. ( " C )  DC1(%)  Time( h r )  Y ie ld (%)  ~ ~ ( r ~ ~ u ~ ~ r  

1.0 90 3.6 
80 4.0 90 4.0 

10 90 4.0 
20 90 4.0 
3 1  90 4.0 
10 1 5  4.0 

110 20 8.0 60 4.0 
3 1  50 4.0 
10 11 (4.7)i' 

140 20 0.5 (5.6)+ 
31  n o t  recovered (6. 8)ie 

( )" : The number o f  deu te r ium atoms p e r  im inod ibenzy l  mo lecu le .  

Tab le  I 1  The Chemical Y i e l d s  and The E x t e n t  o f  D e u t e r a t i o n  a t  The Aromat ic  

P o s i t i o n s  o f  I m i n o d i b e n z y l  u n d e r  V a r i o u s  Exchange R e a c t i o n  

Cond i t i ons  Us ing  D C l - D z O  as A So lvent -Reagent  System 

React ion  Reac t ion  Chemical Deuterium 
Temp.("C) Ocl(x) T ime(hr )  Y i e l d ( % )  ~ ~ ~ ~ ~ u ~ ~ r  

140 37 24 90 1.3 
160 3 1  24 81  1.9 
180 3 1  18 70 8.0% - 

* : F u r t h e r  d e u t e r a t i o n  was occu r red  a t  t h e  p o s i t i o n s  o f  10. 1 1  
o f  im inod ibenzy l .  
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C 

I 1 I I I I I I 

8 7 6 5 4 3 2 1 (ppm) 

Fig. 1 'H-NMR Spectra o f  Imipramine and Oeuterated Imipramines Labeled a t  The Aromatic 
P o s i t i o n s  

A: I P .  66.70-7.05 (8H. m. A r H ) ,  63.74 (2H. t. Ja7.0 Hz. l ' - C H * ) ,  63.14 (4H. s. 10.11-CH2). 

62.24 (2H, t. 5 ~ 7 . 0  Hz. 3'-CH2). 82.07 [6H. s, N(CH3)2]. 81.65 (2H. quin., 5-7.0 Hz.  2 ' -  

87.07 (2H. S,  2,8-CH), 86.86 (2H. s, 4.6-CH). P r o t o n  s i g n a l s  o t h e r  t h a n  t h e  a r o m a t i c  

reg ions  o f  deuterated imipramines (B. C and D) were t h e  same as those o f  I P  (A). 

CH2); B: IP -d4 ( I ) ,  87.00 (2H, S,  3,7-CH). 86.98 (2H, S. 1.9-CH); C: IP-d8: D: I P - d 4 ( I I ) ,  

C 

d 
280 290 280 

F ig .  2 Mass S rec t ra  i n  The M o l e c u l a r  I o n  Regions o f  Imipramine and Deuterated 

Imipramines Labeled a t  The Aromatic P o s i t i o n s  

A: I P ;  B: 1p-d4(I): C: IP-dg: D: IP -d4 ( I I )  
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t h e  d e u t e r i u m  c o n t e n t  was a p p r o x i m a t e l y  90% and t h e  d e u t e r a t i o n  was a l m o s t  

completed a f t e r  t h e  r e a c t i o n  p e r i o d  o f  4h r  (97%). The chemical  y i e l d s  a f t e r  t he  

r e a c t i o n  o f  8h r  were a lmos t  q u a n t i t a t i v e .  However, when e i t h e r  t h e  temperature 

o r  t h e  concen t ra t i on  o f  D C 1  i n  D20 was e leva ted ,  t h e  y i e l d s  were s i g n i f i c a n t l y  

decreased.  I t  was c o n f i r m e d  b y  TLC t h a t  i m i p r a m i n e  was decomposed t o  i m i n o d i -  

benzy l  (IDB) q u a n t i t a t i v e l y .  'H-NMR spectrum o f  t h e  recovered IDB showed f u r t h e r  

d e u t e r a t i o n  a t  t h e  p o s i t i o n s  o f  1.3,7 and 9 o f  IDB. The r e s u l t s  i n d i c a t e  t h a t  

IDB-ds shou ld  be synthes ized a t  temperatures above 140" u s i n g  37% DCl-D20. IP-dg 

shou ld  be subsequent ly  synthes ized b y  c o n d e n s a t i o n  o f  IDB-dg w i t h  3 - d i m e t h y l -  

aminopropyl  c h l o r i d e ,  though IP-d8 c o u l d  n o t  be ob ta ined  d i r e c t l y  by t h e  exchange 

react ion.  The e f f e c t  o f  t he  r e a c t i o n  temperature on the  exchange r e a c t i o n  o f  

I D B  and t h e  r e s p e c t i v e  chemical  y i e l d s  a re  shown i n  T a b l e  11. 'H-NMR spec t ra  of  

t h e  sample obtained, when heated a t  160" and 180". showed t h e  complete exchange 

w i t h  d e u t e r i u m  atoms o f  IDB. w h i l e  a t  140". a b o u t  14% o f  hyd rogens  a t  t h e  p o s i -  

t i o n s  o f  1,3.7 and 9 remained unaf fected.  I n  t h e  mass spec t ra  o f  IDB t r e a t e d  a t  

160", t h e  r a t i o s  o f  t h e  i n t e n s i t i e s  [(M+9)+ o r  (Mt10)' / (M+8)'] were p r a c t i c a l l y  

the same as those est imated f rom t h e  n a t u r a l  abundance o f  u n l a b e l e d  IDB [ ( M + l ) +  

o r  (M+2)' / M']. However, t h e  r a t i o s  o f  d e u t e r a t e d  I D B  t r e a t e d  a t  180"  were 

l a r g e r  than those o f  deu te ra ted  IDB t r e a t e d  a t  160", a p p a r e n t l y  i n d i c a t i n g  f u r -  

t h e r  d e u t e r a t i o n  a t  t h e  p o s i t i o n s  o f  10 and 11 o f  IDB. Based upon t h e  above  

experiments, 1 P - d ~  and IP -d4 ( I I )  were synthesized. IDB was heated i n  37% DC1- 

D20 a t  160"  f o r  2 4 h r  i n  a n i t r o g e n - f i  1 l e d  s e a l e d  g l a s s  tube.  IDB-d8 was ex-  

t r a c t e d  w i t h  n-hexane under t h e  b a s i c  c o n d i t i o n ,  washed w e l l  w i t h  water  and then 

dr ied.  I n  o rde r  t o  o b t a i n  IDB-da w i t h  a h i g h e r  deuter ium content,  t h e  exchange 

r e a c t i o n  was repeated. 'H-NMR and mass spec t ra  o f  t h i s  compound showed t h a t  I D B  

was c o m p l e t e l y  deu te ra ted  a t  a l l  o f  t h e  e i g h t  aromat ic  p o s i t i o n s  w i t h o u t  se r ious  

s c r a m b l i n g  A s o l u t i o n  o f  

IDB-d8 thus ob ta ined  and 3-d imethy laminopropyl  c h l o r i d e  was r e f l u x e d  f o r  8hr  i n  

t h e  p r e s e n c e  o f  sodium amide t o  g i v e  IP -d8  w i t h o u t  l o s s  o f  d e u t e r i u m  atoms. 

Subsequent back-exchange between IP-d8 and 10% HC1-H20 a t  80" f o r  8 h r  gave IP- 

d4( I I ) .  I n  Figs. 1 and 2 ( C  and D) are  shown p a r t i a l  'H-NMR and mass spec t ra  o f  

o f  d e u t e r i u m  atoms a t  t h e  p o s i t i o n s  o f  10 and 11. 
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IP-d8 and IP-d4(I I ) .  The mass spectrum o f  I P - d 4 ( I I )  was the  same as t h a t  o f  IP- 

d 4 ( I ) .  The c o r r e s p o n d i n g  'H-NMR s p e c t r a ,  however ,  showed t h a t  I P - d 4 ( I  I )  was 

s e l e c t i v e l y  deu te ra ted  a t  t h e  p o s i t i o n s  o f  1,3,7 and 9. I n  T a b l e  I 1 1  a r e  shown 

t h e  i s o t o p i c  p u r i t y  o f  t h r e e  forms o f  deu te r ium l a b e l e d  imipramines. The chemi- 

c a l  p u r i t y  was con f i rmed  by TLC and GLC-mass spectrometry.  The percentages o f  

d2-d7 s p e c i e s  i n  I P - d 4 ( I )  and  (111, and o f  d6-d11 s p e c i e s  i n  I P - d 8  were  c a l c u -  

l a t e d  f rom t h e  r e l a t i v e  i n t e n s i t i e s  o f  t h e  co r respond ing  peaks i n  t h e  range o f  

m/z 270-300 i n  t h e  mass spectra.  

Table 111 I s o t o p i c  P u r i t y  o f  The Three Forms o f  Oeutera ted  Imipramine Labeled 

a t  The Aromat ic  P o s i t i o n s  

IP-d4( I )  1p-d4(11) I p-dg 

( 2 )  (2 )  ( 2 )  
d2 0.0 0.0 d6 0.0 

d3 3.2 3.8 d7 7.5 

d4 94.2 94.7 dg 88.8 

d5 2.5 1.3 d9 2.8 

d6 0.1 0.1 d10 0.8 

d7 0.0 0.0 d l  1 0.0 

The p r e s e n t  p r o c e d u r e s  p r o v i d e  s i m p l e  and u n e x p e n s i v e  methods  f o r  t h e  

syntheses o f  s e l e c t i v e l y  deu te r ium l a b e l e d  im ipramines  w i t h  h i g h  i s o t o p i c  p u r i t y  

and s h o u l d  be a p p l i c a b l e  f o r  d e u t e r a t i o n  o f  o t h e r  t r i c y c l i c  an t i dep ressan ts  such 

as desipramine. These deu te ra ted  im ipramines  s h o u l d  be u s e f u l  f o r  t h e  pharmaco- 

k i n e t i c  s t u d i e s  o f  im ipramine i n  humans by  a s t a b l e  i s o t o p e  t r a c e r  technique. 
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