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SUMMARY 

The synthesis of imipramine labelled with four deuterium atoms in 

10, 11 positions is described. The intermediate, tr1deutero-o-nitrotoluene 

was prepared by reduction af 2-nitrobenzoic acid with B2Dg followed by 

conversion of the resulting alcohol to the chloride and selective reduction 

of the chloride with NaBD4 in dimethyl sulfoxide. 

toluene was then converted to tetradeutero-2,2'-dinitrodibenzyl by treatment 

with K - z  butoxide in presence of air. 

to a diamino compound which was then cyclized by heating its diphosphate 

salt, and the resulting amine on reaction with 1-chloro-3-dimethylaminopro- 

pane gave tetradeuterated imipramine. 

Key words: Imipramine-d4, ~-Nitrotoluene-d~, 2,2'-Dinitrodibenzyl-d4, 

Trideutero-o-nitro- 

The dinitro compound was reduced 

* Author to whom correspondence is to be addressed. 

0362-4803/81/081189-08$01.00 
01981 by John Wiley & Sons, Ltd. 

1189 

Received J u l y  7, 1980 
Revised August 13, 1980 



1190 

INTRODUCTION 
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One of  t h e  r e c e n t  methods f o r  comparing relative b i o a v a i l a b i l i t y  

of d i f f e r e n t  fo rmula t ions  of a drug is based upon the  comparison between 

t h e  fo rmula t ion  to be t e s t e d  and its s t a b l e  i s o t o p e  l a b e l l e d  v a r i a n t  t h a t  

i s  taken o r a l l y  i n  s o l u t i o n  a t  the  same t i m e  t h e  t e s t e d  fo rmula t ion  is 

i nges t ed .  The drug c o n c e n t r a t i o n s  i n  t h e  plasma are then  measured by sen- 

s i t i v e  a n a l y t i c a l  methods. Recent ly ,  Heck e t  a1 (1) have s t u d i e d  b i o a v a i l -  

a b i l i t y  of two commercially a v a i l a b l e  imipramine (1) t a b l e t s  r e l a t i v e  t o  

d2-label led imipramine i n  aqueous s o l u t i o n  u s i n g  h igh  p r e s s u r e  l i q u i d  chro- 

matography and f i e l d  i o n i z a t i o n  mass spec t romet ry  f o r  t he  measurement of 

imipramine (2) .  Alkalay (3 )  of ou r  l a b o r a t o r y  have developed a ve ry  

s e n s i t i v e  gas  chromatography mass spectrometry (GC-MS) method wi th  s e l e c t e d  

ion  monitor ing f o r  t h e  measurement of imipramine. The i o n  a t  m / e  220 was 

s e l e c t e d  f o r  t h i s  purpose which is chemica l ly  r e p r e s e n t e d  by S t r u c t u r e  2. 

- 

For b i o a v a i l a b i l i t y  s t u d i e s  of imipramine by t h i s  method, we needed s t a b l e  

f 't 
CH = CH 

2 - 



Imipramine Labelled with Four Deuterium Atoms in 10, 11 Positions 1191 

i s o t o p e  l a b e l l e d  imipramine having t h e  molecular  weight of a t  l ea s t  3 mass 

u n i t s  h i g h e r  f o r  optimum s e n s i t i v i t y .  P rev ious ly ,  imipramine l a b e l l e d  wi th  

more than  t h r e e  deuter ium atoms has  been prepared by a c i d  c a t a l y z e d  exchange 

r e a c t i o n s  ( 2 , 4 ) .  But these  materials were mix tu res  of several d e u t e r a t e d  

s p e c i e s  u n s u i t a b l e  f o r  ou r  s t u d i e s .  We have prepared t e t r a d e u t e r a t e d  i m i -  

pramine having a l l  t h e  deuter ium atoms i n  t h e  10, 11 p o s i t i o n s  by chemical  

s y n t h e s i s  which i s  desc r ibed  i n  t h i s  paper. 

METHODS AND RESULTS 

The r e a c t i o n  sequence f o r  t h e  s y n t h e s i s  of dq-imipramine (10) is 
shown i n  Scheme 1. 

Scheme 1 

3 - 

9 9  

4 - 

I 

5 - 

NaBD4 
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- o-Nitrobenzoic a c i d  (3) w a s  reduced wi th  d e u t e r a t e d  borane t o  

give d e u t e r a t e d  2 -n i t robenzy l  a l c o h o l  (6) which w a s  converted t o  t h e  ch lo r -  

i d e  2 by r e a c t i o n  wi th  t h i o n y l  c h l o r i d e .  

bo rodeu te r ide  i n  dimethyl  s u l f o x i d e ,  s e l e c t i v e  r educ t ion  of t he  CD2Cl group 

took p l ace  g iv ing  trideutero-2-nitrotoluene (a). Treatment of 5 wi th  sodium 

e thox ide  and isoamyl  o r  e t h y l  formate under t h e  c o n d i t i o n s  used fo r  t h e  pre- 

p a r a t i o n  of 2 ,2 ' -d in i t rod ibenzy l  from 2 - n i t r o t o l u e n e  (5) d i d  no t  g ive  any 

apprec iab le  amaunt of 1. However, when sodium e thox ide  was r ep laced  by a 

s t r o n g e r  base,  potassium t e r t i a r y  bu tox ide ,  1 w a s  ob ta ined  i n  a ve ry  good 

y i e l d .  It was a l s o  observed t h a t  e t h y l  o r  isoamyl formate was n o t  r equ i r ed  

i f  t he  r e a c t i o n  w a s  c a r r i e d  ou t  i n  presence of a i r  or oxygen. Some unsym- 

metrical 2 ,2 ' -d in i t rod ibenzy l  d e r i v a t i v e s  have p rev ious ly  been syn thes i zed  

by t h i s  method (6). W e  b e l i e v e  t h a t  t h e  r e a c t i o n  proceeds f i r s t  w i th  t h e  

formation of t h e  r e sona t ing  i o n  5 by t h e  a c t i o n  of potassium t e r t i a r y  bu- 

When 2 was t r e a t e d  wi th  sodium 

6 - 

6b - 
NO, 02N 

7 - 
t o x i d e  on 6. 
on dirner izat ion g i v e s  2,2'-dinitro-tetradeuterodibenzyl (1). 
sodium e t h o x i d e  is n o t  b a s i c  enough to conve r t  5 i n t o  

The i o n  & i s  then  o x i d i z e d  by oxygen to  t h e  r a d i c a l  which 

Apparent ly  
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The diamine 8 was prepared by c a t a l y t i c  hydrogenation of L and 

i ts  diphosphate sa l t  w a s  heated at 300" t o  g ive  t e t r a d e u t e r a t e d  amine 9 
which on r e a c t i o n  with 1-chloro-3-dimethylaminopropane i n  t h e  presence 

of l i t h i u m  amide gave t e t r a d e u t e r a t e d  imipramine (lo). 

EXPERIMENTAL 

Melting p o i n t s  are uncorrected.  Nuclear magnetic resonance (Nmr) 

s p e c t r a l  data are repor t ed  i n  p a r t s  per  m i l l i o n  (ppm) r e l a t i v e  t o  te t ramethyl-  

s i l a n e .  

and t h e  mass s p e c t r a  were obtained on an AEl MS-902 instrument.  

chromatography ( t l c )  was c a r r i e d  out on silica g e l  60 F 254 p l a t e s  of 0.5 mm 

th i ckness .  

Nmr s p e c t r a  a t  90 MHz were recorded on a Varian EM-390 spectrometer  

Thin l a y e r  

- o-Nitrobenzyl alcohol-d3 (5). To a s o l u t i o n  of 300 m l  of 1 M 

borane-d i n  t e t r ahydro fu ran  was added a s o l u t i o n  of 50.1 g (300 mmol) of 

- o-nitrobenzoic a c i d  i n  50 m l  of t e t r ahydro fu ran  wi th  magnetic s t i r r i n g .  

The s o l u t i o n  w a s  t h e n  r e f luxed  f o r  4 hours. The r e a c t i o n  mixture w a s  t h e n  

decomposed by dropwise a d d i t i o n  of water and t e t r ahydro fu ran  removed by evap- 

o r a t i o n  i n  vacuo. The r e s idue  w a s  t r e a t e d  wi th  s a t u r a t e d  N a C l  s o l u t i o n  and 

t h e n  e x t r a c t e d  w i t h  e the r .  The e t h e r  extract w a s  washed with NaHCO solu-  

t i o n  and d r i e d  wi th  &SO4. 

a c o l o r l e s s  o i l  which s o l i d i f i e d  on standing. 

from e t h y l  acetate-petroleum e t h e r  mixture t o  g ive  a white  s o l i d ,  m.p. 70-72" 

[ r epor t ed  ( 7 )  m.p. of 2-ni t robenzyl  a l coho l  74'1. 

- o-Nitrobenzyl chloride-d2 (2). 

3 

3 

Evaporation of e t h e r  gave 44.0 gm (96% y i e l d )  of 

A small sample was c r y s t a l l i z e d  

To a s o l u t i o n  of 43.8 g (286 mmol) 

1193 

of 2-ni t robenzyl  alcohol-d2 i n  150 m l  of chloroform and 23 g of py r id ine  was 

added 35.7 g (300 mmol) of t h i o n y l  chlor ide.  The r e a c t i o n  mixture w a s  s t i r r e d  
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overn igh t  a t  room tempera tu re  and  t h e n  t r e a t e d  w i t h  i ce  and  HC1 ( e x c e s s ) .  

The ch loroform s o l u t i o n  w a s  d r i e d  w i t h  MgSO and  t h e n  evapora t ed  t o  dry- 

n e s s  i n  vacuo t o  g i v e  48.0 gm (98% y i e l d )  of a l i g h t  ye l low o i l .  

p o r t i o n  w a s  c r y s t a l l i z e d  from e t h y l  ace t a t e -pe t ro l eum e t h e r  t o  y i e l d  a 

wh i t e  s o l i d ,  u.p. 49-51" [ r e p o r t e d  ( 7 )  m.p. of 2 - n i t r o b e n z y l  c h l o r i d e  50-52"J. 

4 

A s m a l l  

- o-Nitrotoluene-d,4 (5). To a mix tu re  of 15.0 g (358  mmol) of 

NaBU i n  150 m l  of d i m e t h y l s u l f o x i d e  was dropwise  added a s o l u t i o n  of 46.0 g 

(265  m m o l )  o f  2 - n i t r o b e n z y l  ch lo r ide -d2  i n  50 ml of d i m e t h y l s u l f o x i d e  a t  

room tempera tu re .  A f t e r  a n  i n d u c t i o n  p e r i o d ,  t h e  r e a c t i o n  became exo the rmic  

and needed c o o l i n g  w i t h  ice-water.  A f t e r  t h e  v i g o r  s topped ,  t h e  mix tu re  was 

s t i r r e d  f o r  2 h o u r s  at room t e m p e r a t u r e  and  t h e n  200 m l  of water was s lowly  

added t o  i t .  The product  w a s  i s o l a t e d  by e x t r a c t i o n  w i t h  e t h e r .  The e t h e r  

s o l u t i o n  was d r i e d  w i t h  MgSO and  t h e n  evapora t ed  t o  dryness .  The r e s i d u a l  

o i l  w a s  d i s t i l l e d  (b.p. 112-14' a t  1 2  mm) t o  g i v e  36.0 gm of an o i l y  product  

(97% y i e l d ) .  

4 

4 

Ana lys i s :  Calcd  f o r  C7H4D3N02:  C, 59.99; N ,  9.99. Found C ,  

60.24; N ,  10.03. 

4 -  2 ,2 ' -Din i t rodibenzyl -d  ( 7 ) .  To a n  ice-cooled  s o l u t i o n  of 21.0 g 

(150  mmol) of c -n i t ro to luene -d3  i n  50 m l  of ether w a s  added i n  4 p o r t i o n s  

a t o t a l  of 19.0 g (165 mmol) of potass ium =-butoxide. The m i x t u r e  was 

s t i r r e d  a t  room t e m p e r a t u r e  o v e r n i g h t  and  a s low stream of d r y  a i r  w a s  pas sed  

th rough  t h e  r e a c t i o n  f l a s k .  The mix tu re  w a s  t h e n  poured o n t o  ice-water and  

e x t r a c t e d  w i t h  e t h e r .  

o r a t e d  t o  d ryness  t o  g i v e  13.7g of a s o l i d  (65% y i e l d )  which was c r y s t a l -  

l i z e d  from e t h y l  ace t a t e -pe t ro l eum e t h e r ,  m.p. 114-17' [ r e p o r t e d  ( 5 )  m.p. of 

2 , 2 ' - d i n i t r o d i b e n z y l  123"l.  

The e t h e r  s o l u t i o n  was d r i e d  w i t h  &SO4 and  evap- 
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10,11-Dihydro-5~-dibenz[b,f]azepine-dg (2). A s o l u t i o n  of 12.0 g 

(46  mmol) of Z,Z'-dinitrodibenzyl-d 

2.0 g of 10% palladium on cha rcoa l  was hydrogenated a t  45 p s i  f o r  1 hour. 

The mixture  w a s  f i l t e r e d  and two equ iva len t s  of 85% phosphoric a c i d  was 

added t o  it. The r e s u l t i n g  wh i t e  s o l i d  w a s  f i l t e r e d  t o  g ive  18.0 g of t h e  

phosphate sa l t ,  m.p. 256-59" [ r epor t ed  (5) m.p. of t h e  non-deuterated com- 

pound 266-68O1. 

a t  295" f o r  20 minutes. The m e l t  w a s  cooled and t r e a t e d  with 2N NaOH 

s o l u t i o n  and then  e x t r a c t e d  wi th  e the r .  The e t h e r  e x t r a c t  w a s  d r i e d  and 

evaporated t o  dryness.  The r e s idue  w a s  chromatographed on a column of 

si l ica  g e l  using to luene  as t h e  e l u t i n g  solvent .  

vent from t h e  e l u a t e  gave 5.0 g (55% y i e l d )  of 2m.p. 105-108" [ r epor t ed  

(5) m.p. of t h e  non-deuterated compound 104-105'). 

i n  100 m l  of dioxane con ta in ing  4 

The above s a l t  w a s  t h e n  heated i n  a n i t r o g e n  atmosphere 

Evaporation of t h e  so l -  

Imipramine-d, (lo). A mixture  of 10.5 g (57.7 mmol) of 2, 8.3 g 

(68.5 mmol) of dimethylaminopropyl ch lo r ide  and 1.6 g of l i t h i u m  amide i n  

30 m l  of t o luene  was r e f luxed  overnight.  The r e a c t i o n  mixture was poured 

onto i c e  water and e x t r a c t e d  wi th  e the r .  The e t h e r  e x t r a c t  was t h e n  mixed 

wi th  excess  of 3 N HC1 s o l u t i o n  by shaking. The aqueous l a y e r  w a s  s epa ra t ed  

from t h e  e t h e r  l a y e r  and b a s i f i e d  by t h e  a d d i t i o n  of NaOH s o l u t i o n  and ex- 

t r a c t e d  with ether .  The e t h e r  e x t r a c t  was d r i e d  with %SO4 and evaporated 

t o  dryness t o  g ive  a n  o i l  which was converted t o  i ts  o x a l a t e  salt. 

l a t e  salt was p u r i f i e d  by c r y s t a l l i z a t i o n  from ethanol-ether.  Pure imipra- 

mine-d4 was t h e n  generated from t h e  o x a l a t e  s a l t  by t h e  a d d i t i o n  of NaOH 

s o l u t i o n  and e x t r a c t i o n  with e the r .  

and t h e n  t r e a t e d  wi th  H C 1  gas  d i s so lved  i n  e the r .  The hydrochlor ide salt w a s  

twice c r y s t a l l i z e d  from isopropanol-ether (1:2) t o  g ive  10.4 g (57% y i e l d )  

of a white s o l i d ,  m.p. 169-171" [ r epor t ed  (8) m.p. of imipramine hydro- 

c h l o r i d e  m.p. 174-75"l. 

The oxa- 

The e t h e r  s o l u t i o n  was d r i e d  with &SO4 

1195 
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Analys i s ,  Calcd. f o r  C1gH21D4ClNz: C ,  71.11; N ,  8.73. 

Found: C, 71.30; N ,  8.51 

Mass spectrum: shows peaks at m / e  284 (molecu la r  i o n  of t h e  f r e e  

b a s e ) ,  239 [M-NH(CH3)2]. 

Deuterium Content :  96.1% by Nmr spec t roscopy  

95.9% by Mass spec t romet ry ;  d4  compound: 

85.3%, d3  compound: 13.4%, d2 compound: 1.3% by m u l t i p l e  peak mon i to r ing  

mass spec t romet ry .  
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