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SUMMARY 

Desipramine-d (5-[3- (methyl -d3-amino)propyl 1-1 0.1 1 -d i  hydro- 3 
5H-d i benz[b ,f]azepine) , i m i  prami ne-d3 (5- [ 3-methyl methyl -d -amino) 

6 propyl l-1 0 , l l  - d i  hydro-5H-di benz[b,f]azepi ne and i m i  pramine-d 

(5-[3- (dimethyl -d -amino)propyl I - 1 0 , l l - d i  hydro-5H-dibenz[b,f] 6 
azepine)have been synthesised f o r  use as i n t e r n a l  standards i n  

mass spectrometric determinations. 

compounds i s  reported. 

3 

The mass spectra of these 
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INTRODUCTION 

Desiprami ne( 6J (5-13- (methyl amino)propyl]-10,11 - d i  hydro-5H-di benz[b,f]azepine) 

and the corresponding t e r t i a r y  amine, i m i  pramine(l0) (5-[3-(dimethyl amino) 

propyl]-lO,ll-dihydro-5H-dibenz[b,f]azepine) are two o f  a number o f  t r i c y c l i c  

drugs possessing antidepressant a c t i v i t y  (1 ) .  

Two recent  repo r t s  (2,3) demonstrate q u a n t i t a t i o n  by combined gas- 

chromatography-mass spec tkmet ry  (gc-ms) as an a i d  i n  studying the pharmaco- 

k i n e t i c s  o f  these drugs. It can be argued t h a t  the most s a t i s f a c t o r y  i n t e r n a l  
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F i g u r e  1 .  b y n t h e t i c  scheme. Bz = C 6 5  H - C H  2 -, Ts = CH 3 * C  6 4  H - S O  2 -. 

standard  f o r  q u a n t i t a t i o n  i s  t h e  use o f  a s t a b l e  i s o t o p i c a l l y  en r i ched  fo rm o f  a 

compound, and one o f  these i n v e s t i g a t i o n s  r e p o r t s  such a procedure ( 3 ) .  In t h a t  

s tudy ,  t h e  i n t e r n a l  s tandards  (desipramine-d4 and imipramine-d ) were prepared by 

i s o t o p i c  exchange g i v i n g  a m i x t u r e  o f  i s o t o p i c a l l y  en r i ched  spec ies  of wh ich  t h e  

4 

t e t r a d e u t e r a t e d  d e r i v a t i v e s  c o n s t i t u t e d  o n l y  55-56% o f  t h e  m i x t u r e  i n  each case. 
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For  f u r t h e r  m e t a b o l i c  s tud ies ,  a method f o r  p r e p a r i n g  s p e c i f i c a l l y  

non-exchangeable, i n t e r n a l  s tandards  was cons idered.  T h i s  paper d e t a  

syn thes i s  o f  des ip ramine-d  (7), im ip ramine-d  (11 ) and imipramine-d ( 1  
3 -  3 -  6 -  

RESULTS AND DISCUSSION 

The s y n t h e t i c  approach cons idered was d i c t a t e d  by  a d e s i r e  t o  o b t a i n  a s imp le  

and e f f i c i e n t  syn thes i s  l e a d i n g ,  i n i t i a l l y ,  t o  desipramine-d A s u i t a b l y  

d e r i v a t i s e d  s idecha in  was prepared f rom 3-benzylamino-l-propanol(L) by N- 

m e t h y l a t i o n  w i t h  iodomethane-d 3' 3 

subsequent t o s y l a t i o n  w i t h  p - t o l u e n e s u l f o n y l  c h l o r i d e  t o  g i v e  3- (benzy lmethy l -d3-  

amino)propy l  p - t o l u e n e s u l f o n a t e ( 3 ) .  

[b , f ]azep ine(A) ,  i n  t h e  presence o f  sodium amide, gave 5-[3-(benzylmethyl-d3- 

amino)propy l  3-1 0 , l l  - d i  hydro-5H-di benz[b,f]azepine(5-) i n  57% y i e l d .  

p roduc t ,  desipramine-d , was r e a d i l y  p repared by debenzy la t i on  w i t h  p a l l a d i u m  

on charcoa l  i n  e t h a n o l - a c e t i c  a c i d  (4 ) .  

3' 

g i v i n g  3- (benzy l -d  -amino) - l -p ropano l (2 )  and 

Condensat ion w i t h  10.11 -dihydro-5H-dibenz 

The d e s i r e d  

3 

Imipramine-d was then  prepared, i n  good y i e l d ,  by sequen t ia l  r e a c t i o n  o f  6 

desipramine-d w i t h  e t h y l  ch lo ro fo rma te  ( 5 )  g i v i n g  5-[3-(N-methyl-d - 
ethoxycarbamoyl )p ropy l ] -10 , l l  - d i  hydro-5H-di benz[b, f ]azepine(9) - and r e d u c t i o n  

w i t h  l i t h i u m  aluminum d e u t e r i d e  i n  te t rahyd ro fu ran .  Imipramine-d was prepared 

i n  an analogous manner f rom c o m e r c i a l  desipramine. 

summarized i n  F i g u r e  1. 

3 3 

3 

The s y n t h e t i c  scheme i s  

The p r e c i s e  i s o t o p i c  enr ichment  f o r  each compound was c a l c u l a t e d  u s i n g  a 

computer program developed by C.F. Harmer ( 6 ) .  

i o n  r e c o r d i n g  o f  i o n s  i n  t h e  mo lecu la r  i o n  reg ions ,  formed by e l e c t r o n  i o n i z a t i o n  

o f  t h e  deu te ra ted  and non-deuterated compounds. The i s o t o p i c  d i s t r i b u t i o n s  were: 

desipramine-d . d  = 100%; imipramine-d :d  = 93.8%, d = 6.2% and im ipramine-d6:  

d6 = 94.1%, d E l e c t r o n  i o n i z a t i o n  mass spec t ra  o f  t he  t h r e e  deu te ra ted  

analogs and t h e  undeutera ted  s tandards  a r e  shown i n  F i g u r e  2. 

these spec t ra  r e v e a l s  t h a t  desipramine-d3, im ipramine-d  and im ipramine-d  a r e  

Data were ob ta ined  by s e l e c t e d  

3 '  3 3 3  2 

5 
= 5.9%. 

Comparison o f  

3 6 

31 7 

deutera ted ,  

1s  t h e  

1. 
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Figure 2. Mass spectra 

of deuterated and non- 
w 

r deuterated desipramine 
i3 

f 11 
z 40 

( a ,  b )  and imipramine 

(c ,  d ,  e ) .  
L 

well suited for use as internal standards i n  gc-ms assays. I n  each case, the 

molecular ion i s  clearly separated from the corresponding ion in the undeuterated 

anal ogs. 
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Our mass spec t ra l  results confirm the fragmentation pathway proposed by 

Belvedere e t  a l .  (2). Major ions a t  m/e 44 and 58 i n  desipramine and imipramine 

a r e  s h i f t e d  3 o r  6 amu i n  the deuterated analogs. 

dimethylamine give r i s e  t o  fragments a t  m/e 234 and 235 unshifted i n  t h e  spectra  

of the deuterated compounds. 

Losses of methylamine and 

EXPERIMENTAL SECTION 

All melting points  were determined on a Kofler hotstage microscope and a r e  

uncorrected. 

an LKB 9000 mass spectrometer and the  high resolut ion e lec t ron  ionizat ion mass 

spectrum on an A E I  MS9 mass spectrometer. 

Low resolut ion e lec t ron  ionizat ion mass spectra  were recorded w i t h  

3- (Benzylmethyl-d,-amino)-1-propanol @)--To a cooled (5") solut ion of 3- 

benzylamino-1-propanol(l, 5 9 ,  30.3 m o l )  i n  sodium hydroxide (2 9 )  and 

water-methanol (50%, 17 ml) was added iodomethane-d3 (7) (2.2 m l ,  34.5 mmol, 

> 99% D ) .  

s t i r r i n g .  

drying over anhydrous sodium s u l f a t e .  

which was completely dr ied by azeotropic  d i s t i l l a t i o n  with benzene. 

(93%) .  bp 138-140' (10 m). Lit (8)  143-144' (10 mn). Mass spectrum: 

182(4)(Mt), 137(35), 120(9) ,  92(9), 91(100), 65(10) ,  61(6) ,  47(6) ,  4 5 ( 9 ) ,  39(6) .  

The react ion was capped and l e f t  a t  room temperature f o r  12 hr with 

The product was extracted with chloroform, washed w i t h  water before 

The solvent  was removed giving an o i l  

Yield 5.1 g 

3-(Benzylmethyl-d -amino)propyl ptoluenesulfonate(3)--To a solut ion of 3- 

(benzylmethyl-d3-amino)-1-propanol (2, 5 g ,  27.4 m l )  in  pyridine (30 ml) a t  0' 

was added p to luenesul fonyl  chlor ide (10.4 9,  54.4 m o l ) .  

complete the react ion was l e f t  a t  2" f o r  20 hr. The mixture was poured onto i c e  

(200 g) and s t i r r e d  f o r  15 min. The r e s u l t i n g  o i l  was extracted w i t h  chloroform 

(200 ml) and washed w i t h  water, d i l u t e  hydrochloric ac id ,  d i l u t e  sodium 

3 

After  so lu t ion  was 

hydroxide and again with water before drying over sodium s u l f a t e .  

was removed and the r e s u l t i n g  o i l  was completely dr ied  by azeotropic  d i s t i l l a t i o n  

with benzene. M/e, 336.1581 (calc .  f o r  C18H20D3N03S, 336.1587). Mass spectrum: 

The solvent  
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5- [ 3- (Benzyl methyl -d3-ami no) propyl l-1 0,l l -5H-di benz[ b , f l a z e p i  ne (5)--To a s t i r r e d  

suspension o f  sodium amide (0.4 g, 10.2 mmol) i n  d r y  benzene was added 10 , l l -  

dihydro-5H-dibenz[b,f]azepine (4, 1.25 g,  6.4 m l )  over 5 min and the m ix tu re  

re f l uxed  f o r  2 h r .  The r e a c t i o n  was cooled and a s o l u t i o n  of 3-(benzylmethyl- 

d -amino)propyl 2- to luenesul fonate (3, 2.45 g, 7.29 mnol) i n  benzene (20 m l )  

was added over 5 min. The m ix tu re  was re f l uxed  f o r  an a d d i t i o n a l  15 h r .  The 

3 

excess sodium amide was cau t ious l y  destroyed w i t h  water and the product ext racted 

w i t h  e t h y l  acetate (100 m l ) ,  washed w i t h  d i l u t e  sodium hydroxide and water. 

The e x t r a c t  was d r i e d  over  sodium s u l f a t e  and the so lvent  evaporated i n  vacuo 

t o  g i ve  an o i l .  Y i e l d  1.3 g (57%). bp 208-215' (0.05 m).  L i t  (9)  195-201' 

(0.04 m). Mass spectrum: 359(6)(Mt), 236(10), 235(52), 234(24), 222(20), 

208(14), 196(16), 195(100), 194(83), 193(30), 192(12), 180(27), 164(15), 163(10), 

137(14), 118(17), 97(15), 91(58), 84(10), 47(11). 

5-[ 3- (Methyl -d -amino)propyl 1-1 0,11 - d i  hydro-5H-di benz[bYf]azepine(7)--To a 

s o l u t i o n  o f  5-[3- (benzylmethyl -d -amino)propyl 3-1 OY1l-5H-dibenz[b ,f]azepine(z, 

837 mg, 2.3 mnol) i n  ethanol (20 m l )  and a c e t i c  ac id  (0.5 m l )  was added 10% 

palladium on charcoal (500 mg). 

(3  atm). 

3 

3 

The mixture was s t i r r e d  f o r  6 h r  under hydrogen 

A t  the end o f  t h i s  t ime the m ix tu re  was f i l t e r e d  and the  so lvent  r e -  

moved. 

hydrogen c h l o r i d e  gas g i v i n g  the hydrochlor ide s a l t .  

213-215". L i t  (10) 206-208': Mass spectrum: Shown i n  F igure 2a. 

The res idue was taken up i n  chloroform and the product p r e c i p i t a t e d  w i t h  

Y i e l d  639 mg (90%). mp 

5-[3- (Dimethyl -d  -amino)propyl 1-1 0 , l l  - d i  hydro-5H-di benz[b . f ]azepine(c) - -To a 

s o l u t i o n  o f  desipramine-d3 hydrochlor ide (88 mg, 0.29 mnol) i n  p y r i d i n e  (10 m l )  

was added e t h y l  chloroformate (60 mg, 0.55 mnol). The s o l u t i o n  was s t i r r e d  for  

12 h r  a t  room temperature. 

6 

Fol lowing e x t r a c t i o n  o f  the product w i t h  e t h y l  

acetate, the organic phase was washed w i t h  d i l u t e  hydrochlor ic  ac id ,  sodium 
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hydroxide and water and d r i e d  over  sodium s u l f a t e  before evaporating t o  dryness. 

The crude carbarnate (2) was d isso lved i n  d ry  te t rahydrofuran and added dropwise 

t o  a s t i r r e d  suspension o f  l i t h i u m  aluminum deuter ide (7) (50 mg, 1.2 ml, 

> 99% D). The mixture was gen t l y  r e f l u x e d  f o r  12 hr. The excess l i t h i u m  

aluminum deuter ide was destroyed w i t h  water and the mixture was f i l t e r e d .  

washing the  s a l t s  w i t h  f r e s h  tetrahydrofuran, t he  combined e x t r a c t s  were con- 

A f te r  

cent rated and red isso lved i n  chloroform, washed w i t h  d i l u t e  hydrochlor ic  ac id  

and water before drying. The so lvent  was removed i n  vacuo and the  res idua l  

o i l  was completely d r i e d  by azeotrop ic  d i s t i l l a t i o n  w i t h  benzene. A ch loroform 

s o l u t i o n  o f  t he  o i l  was t rea ted  w i t h  hydrogen c h l o r i d e  gas g i v i n g  the product 

as i t s  hydrochloride. 

mg (79%). mp 171-173'. L i t  (11) 173-175'. Mass spectrum: Shown i n  F igure 2d. 

This ma te r ia l  was r e c r y s t a l l i s e d  from acetone. Y i e l d  74 

5-[3- (Methylmethyl -d3-amino)propyl 3-1 0 , l l  - d i  hydro-5H-di benz[b ,f]azepi ne( 11 )--This 

was prepared from desipramine (lo-) (Ciba-Giegy) v i a  the carbamate (8) i n  an 

analogous manner t o  the hexadeuterated analog. Mass spectrum: Shown i n  

F igure 2c. 
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