
Journal of Labelled Compounds and Radiopharmaceuticals - Vol .  XVIII, No.12 1817 

SYNTHESIS OF CLOMIPRAHINE-d8 

X 
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SUllMARY 

The synthesis of deuterium labelled clomipramine which is 
an antidepressant drug is described. Eight deuterium atoms have 
been incorporated specifically into the nonaromatic part of the 
molecule -- six atoms at 1, 2, and 3 positions of the dimethyl- 
aminopropyl side chain and two atoms at the 10 and 11 positions 
of the molecule. 1,1,2,2,3,3-Hexadeutero-3-dimethylaminopropyl 
chloride has been synthesized for this purpose and used for the 
construction of the labelled side chain. 

KEYWORDS: Clomipramine-d8, 1,1,2,2,3,3-Hexadeutero-3-dimethylaminopropyl 
chloride, 2-Bromoethanol-d'. 

INTRODUCTION 

The hydrochloride salt of clomipramine (3-chloro-5-[3-dimethylaminopropyl]- 

lO,ll-dihydr0-5H-dibenz[b,f]azepine) (1) - is a widely used anti-depressant drug. 

A stable isotope labelled variant of this drug was needed in our laboratory to 

study relative bioavailability of different formulations in man by the applica- 

tion of a gas chromatography mass spectrometry (GC-MS) method with selected ion 

"Author t o  whom correspondence should be addressed. 

0362-4803/81/121817-09$O1~00 
0 1981 by John Wiley & Sons, Ltd. 

Received March 5 ,  1981 
Revised March 20, 1981 



1818 N.K. Chaudhuri, M-S. Sung and B. Markus 

moni tor ing  (1). 

which may be r ep resen ted  by s t r u c t u r e  2. 
d e s i r a b l e  t h a t  t h e  l a b e l l e d  drug has  a molecu la r  weight  of a t  l e a s t  3 mass 

u n i t s  h i g h e r  t han  t h e  u n l a b e l l e d  drug. Recen t ly ,  we pub l i shed  a method f o r  

The i o n  chosen  f o r  mon i to r ing  i n  t h i s  method w a s  a t  m / e  254 

For optimum s e n s i t i v i t y ,  i t  was 

1 - 

I 
CH=’+CH 

2 - 

t h e  s y n t h e s i s  of t e t r a d e u t e r a t e d  imiprarnine having  a l l  t h e  f o u r  deuter ium i o n s  

a t  10,  11 p o s i t i o n s  ( 2 ) .  This  method could  not  be a p p l i e d  f o r  t h e  s y n t h e s i s  

of  clomipramine, t e t r a d e u t e r a t e d  a t  10, 11 p o s i t i o n s  because clomipramine i s  

unsymmetrically s u b s t i t u t e d  w i t h  a c h l o r i n e  atom a t  one of t h e  benzene r ings .  

The re fo re ,  w e  syn thes i zed  an  o c t a d e u t e r a t e d  clomipramine (14) having s i x  

deuter ium atoms i n  t h e  s i d e  c h a i n  and two deuter ium atoms a t  10 and 11 

p o s i t  ions .  

METHODS AND RESULTS 

The s y n t h e s i s  of o c t a d e u t e r a t e d  clomipramine (14) c o n s i s t s  of p repa r ing  

t h e  two molecular  components 9 (Scheme 1 )  and 13 (Scheme 2 )  which were then  - 
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condensed i n  t h e  p re sence  of a s t r o n g  base  t o  g i v e  2. 
ponent ,  1,1,2,2,3,3-hexadeutero-3-dimethylaminopropyl c h l o r i d e  (z), was syn- 

t h e s i z e d  i n  s i x  s t e p s  (Scheme 1) from e t h y l e n e  g lycol -d  (3) i n  an  o v e r a l l  

y i e l d  of about  30%. 

The s i d e  c h a i n  com- 

4 -  

Scheme 1 

+ NC-CD -CD2-OD 2 Br-CD -CD2-OH 

4 

HO-CD2-CD2-OH 2 

5 - - 3 - -- D N-CD -CD2-CD2-OD L (CH3)2N-CD2-CD2-CD2-OH 2 2  

6 - 7 - 

C1-CD 2 -CD2-CD2-N(CH 3 2  ) .HC1 cC1-CD2-CD2-CD2-N(CH3)2 

9 - a - 

Ethylene  g lycol -d  (3) was hea ted  w i t h  one e q u i v a l e n t  of phosphorous 4 -  

t r i b romide  t o  g i v e  2-bromoethanol (4) i n  76% y i e l d  a long  w i t h  a small amount 

of e t h y l e n e  dibromide which w a s  s e p a r a t e d  by d i s t i l l a t i o n .  The r e a c t i o n  of 

w i t h  potass ium cyan ide  i n  d e u t e r o e t h a n o l  (C H OD) and deuter ium ox ide  gave 

e t h y l e n e  cyanohydrin-d4 (2) i n  80-852 y i e l d .  When o r d i n a r y  e t h a n o l  and water  

were used as s o l v e n t ,  t h e  deuter ium atoms a t t a c h e d  t o  t h e  carbon atom a lpha  t o  

t h e  n i t r i l e  group of 2 were l o s t  through base  c a t a l y z e d  exchange by t h e  s o l v e n t  

p ro tons .  It i s  impor tan t  t h a t  t h e  b a s i c  r e a c t i o n  mix tu re  is  n e u t r a l i z e d  be fo re  

t h e  cyanohydr in  2 i s  i s o l a t e d  by d i s t i l l a t i o n ,  o the rwise  c o n s i d e r a b l e  polymer- 

2 5  

2 t NC-CD-CD~OH * NC-CD = CD Base 5 - 
11 - 10 - 
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i z a t i o n  t akes  p l ace  due t o  t h e  fo rma t ion  of a c r y l o n i t r i l e  (11) by t h e  base  c a t -  

a lyzed  dehydra t ion  of 5 v i a  lo. Reduct ion  of 2 wi th  l i t h i u m  aluminum d e u t e r i d e  

followed by decomposi t ion  w i t h  deuter ium ox ide  gave t h e  aminoalcohol  5 which 

was then methyla ted  by means of Eschweiler-Clarke r e a c t i o n  (3)  us ing  formal -  

dehyde and formic  a c i d  t o  g i v e  hexadeu te ra t ed  3-dimethylaminopropyl a l c o h o l  

(z). 
on base t r ea tmen t  gene ra t ed  hexadeu te ra t ed  3-dimethylaminopropyl c h l o r i d e  (2). 

The r e a c t i o n  of L w i t h  t h i o n y l  c h l o r i d e  gave t h e  hydroch lo r ide  - 8 which 

The t r i c y c l i c  component 2 w a s  prepared  by c a t a l y t i c  r e d u c t i o n  of t h e  

l0 , l l -doub le  bond of 3-chloro-5H-dibenz[b,f]azepine (12) w i t h  deu te r ium a f t e r  

exchanging t h e  NH proton  w i t h  deuter ium.  I f  t h e  NH pro ton  is  no t  exchanged 

be fo re  r e d u c t i o n ,  i t  exchanges w i t h  deu te r ium dur ing  c a t a l y t i c  r e d u c t i o n  and 

becomes inco rpora t ed  a t  t h e  10  and 11 p o s i t i o n s  a long  wi th  deu te r ium atoms. 

Scheme 2 

I 
H 

12 - 
I 
D 

15 HCI - 
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Compound - 13  was condensed w i t h  f r e s h l y  prepared  hexadeu te ra t ed  3-dimethyl- 

aminopropyl c h l o r i d e  (9) i n  t h e  p re sence  of l i t h i u m  amide t o  g i v e  o c t a d e u t e r a t e d  

clomipramine 14 which w a s  t hen  conver ted  t o  i t s  hydroch lo r ide  sa l t  2 f o r  bio- 

a v a i l a b i l i t y  s t u d i e s .  The mass spec t rum of 2 showed a fragment i o n  a t  m / e  258 

which is f o u r  mass u n i t s  h i g h e r  than  t h e  fragment i o n  2 der ived  from u n l a b e l l e d  

clomipramine. 

- 

3-Dimethylaminopropyl c h l o r i d e  i s  an  impor t an t  s y n t h e t i c  i n t e r m e d i a t e  

which has been used f o r  t h e  s y n t h e s i s  of a l a r g e  number of d rugs  l i k e  imipra- 

mine,  ch lorpromazine ,  a m i t r y p t i l i n e  e t c .  The s y n t h e s i s  of i t s  hexadeu te ra t ed  

ana log  9, t h u s  p rov ides  a method fo r  t h e  p r e p a r a t i o n  of t h e s e  d rugs  l a b e l l e d  

wi th  deu te r ium atoms. 

EXPERIMENTAL 

Mel t ing  p o i n t s  are uncor rec t ed .  Nuclear magnet ic  resonance  (NMR) s p e c t r a l  

d a t a  are repor t ed  i n  p a r t s  per  m i l l i o n  (ppm) desh ie lded  wi th  r e s p e c t  t o  t e t r a -  

me thy l s i l ane .  NMR s p e c t r a  a t  90 MHz were recorded  on a Var ian  EM-390 s p e c t r o -  

meter  and t h e  mass s p e c t r a  were ob ta ined  on a Finnigan  3300 ins t rumen t .  Thin 

l a y e r  chromatography ( t l c )  was c a r r i e d  o u t  on s i l i c a  g e l  60 F254 p l a t e s  of 

0.5 mm l a y e r  t h i ckness .  E thylene  g l y c o l  -d was ob ta ined  from KOR ISOTOPES 

of Cambridge, Massachuse t t s ,  U.S.A. 

2-Bromoethanol-dL ( A ) .  

4 

To 25 g of e t h y l e n e  g l y c o l  w a s  s lowly  added 13  m l  

(37  g )  of phosphorous t r i b romide  and t h e  mix tu re  w a s  t hen  hea ted  a t  90" f o r  

6 hours .  The product  was i s o l a t e d  by d i s t i l l a t i o n  through a 2" Vigreux column. 

The f i r s t  f r a c t i o n  (8 g )  d i s t i l l i n g  a t  55-60°/25 mm had i n f r a r e d  bands and 
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NMR peaks i d e n t i c a l  t o  those  of an  a u t h e n t i c  sample of 1,2-dibromoethane. The 

second f r a c t i o n  (36 g ) ,  a f t e r  r e d i s t i l l a t i o n  a t  60-65'/25 rnm had i n f r a r e d  bands 

and NMR peaks i d e n t i c a l  t o  t h o s e  of a u t h e n t i c  2-bromoethanol. The above reac- 

t i o n  was r epea ted  us ing  26 g of e t h y l e n e  g lycol -d  and  13  ml of phosphorous 

t r i b romide  under t h e  same c o n d i t i o n s  t o  g i v e  9 g of 1, 2-dibromoethane-d4 and 

38 g (76% y i e l d )  of 2-bromoethanol-d4. 

Ethylene  Cyanohydrin-d (5).  To a s o l u t i o n  of 38 g of t h e  above 2-bromoeth- 

anol-d and 100 m l  of d e u t e r o e t h a n o l  (C H OD)  w a s  added a s o l u t i o n  of 2 1  g 

of potass ium cyan ide  i n  30  m l  of deu te r ium ox ide  and t h e  s o l u t i o n  was r e f luxed  

f o r  6 hours.  The r e a c t i o n  m i x t u r e  w a s  t hen  cooled  i n  ice b a t h  and f i l t e r e d  t o  

remove potass ium bromide. The f i l t r a t e  w a s  c o n c e n t r a t e d  by removing e t h a n o l  

under reduced p r e s s u r e  a t  40". The r e s i d u a l  s o l u t i o n  was n e u t r a l i z e d  by ad- 

d i t i o n  of D C l / D  0 and d i l u t e d  w i t h  ace tone .  The p r e c i p i t a t e  of po tass ium 

bromide w a s  removed by f i l t r a t i o n  and t h e n  washed w i t h  ace tone .  The f i l t r a t e  

4 

5 -  

4 2 5  

2 

was f r e e d  of a c e t o n e  by d i s t i l l a t i o n  under reduced p r e s s u r e  i n  a r o t a r y  evap- 

o r a t o r .  The r e s i d u e  w a s  t hen  d i s t i l l e d  and t h e  f r a c t i o n  d i s t i l l i n g  a t  83-85"/ 

1.5 mm was c o l l e c t e d ;  yield-17.5 g ( abou t  80%). 

Anal. Calcd. f o r  C D NO: C,  47.32%; N ,  18.40%. Found: C, 46.99%; ___ 3 5  

N ,  18.351. 

3-Dimethylaminopropanol-dh (1). To a s o l u t i o n  of 12.8 g of t h e  above cyano- 

hydr in  2 i n  150 m l  of d r y  t e t r a h y d r o f u r a n  cooled  t o  -20" was dropwise  added a 

s o l u t i o n  of 10 g of l i t h i u m  aluminum t e t r a d e u t e r i d e  i n  200 ml of t e t r a h y d r o f u r a n  

with cont inued  cool ing .  After t h e  a d d i t i o n  w a s  comple ted ,  t h e  r e a c t i o n  mix tu re  

was brought t o  room temp. and then  hea ted  under r e f l u x  f o r  8 hours .  The mix tu re  

was cooled  and decomposed by t h e  a d d i t i o n  of 10 ml of D 0 ,  10 m l  of 15% NaOD 
2 
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fo l lowed by 30 m l  of D20. 

t h r e e  times w i t h  t e t r a h y d r o f u r a n .  The f i l t r a t e  and washings were combined 

and t h e n  evapora ted  under reduced p r e s s u r e  i n  a r o t a r y  evapora to r .  To t h e  

r e s i d u e  was then  added 50 m l  of 95X formic  a c i d  w i t h  coo l ing  fo l lowed by 50 

ml of 37% formaldehyde s o l u t i o n  and t h e  s o l u t i o n  was hea ted  under r e f l u x  f o r  

12 hours .  Conc. h y d r o c h l o r i c  a c i d  (40 ml) was added t o  t h e  above s o l u t i o n  

which w a s  then  evapora ted  t o  d ryness  i n  a r o t a r y  e v a p o r a t o r  under reduced 

p r e s s u r e .  The r e s i d u e  was t r e a t e d  wi th  excess  of 50X aq. sodium hydroxide  

s o l u t i o n  and t h e  product  e x t r a c t e d  f o u r  times 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  wi th  anhydrous magnesium s u l f a t e ,  f i l t e r e d  and evapora t ed  t o  dryness .  

The r e s i d u e  was d i s t i l l e d  i n  vacuo and t h e  f r a c t i o n  d i s t i l l i n g  a t  95-100"/15 

mm was c o l l e c t e d ;  y i e l d  11 g (60% i n  two s t e p s  from t h e  n i t r i l e  - 5). 

Anal. Calcd. f o r  C H D NO: C, 54.96%; N, 12.82%. Found: 

The s o l i d  was removed by f i l t r a t i o n  and washed 

~ 5 7 6  

C ,  54.73%; N ,  13.19%. 

NMR (CDC13): 

5,10,1l-Trideutero-3-chloro-lO,11,-dihydro-5H-dibenz[b,f]azepine (2). To a 

w a r m  s o l u t i o n  of 50 g of 3-chloro-5H-dibenz[b,f]azepine (2) i n  t o l u e n e  was 

added 10 g of sodamide w i t h  s t i r r i n g .  The mix tu re  was then  hea ted  a t  60" f o r  

3 hours  and quenched wi th  D 0. The t o l u e n e  s o l u t i o n  w a s  coo led  and f i l t e r e d .  

The f i l t e r e d  s o l i d  was suspended i n  250 m l  of e t h y l  a c e t a t e  and 2 g of 10% 

pa l l ad ium on cha rcoa l  c a t a l y s t  was added t o  it. The r e a c t i o n  b o t t l e  w a s  t hen  

shaken i n  an atmosphere of deu te r ium i n  a Paar  hydrogenat ion  appa ra tus  a t  35 

lbs/sq i n c h  f o r  2 hour s  when t h e  up take  of deu te r ium ceased .  

s o l u t i o n  was f i l t e r e d  t o  remove t h e  c a t a l y s t  and then  concen t r a t ed  t o  a small 

2.2 [s, 6H, N (CF3)2]; 4.7 (lH, OF) 

2 

The e t h y l  a c e t a t e  
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volume. C r y s t a l l i z a t i o n  set  i n  on coo l ing .  The c r y s t a l s  were s e p a r a t e d  by 

f i l t r a t i o n ;  y i e l d  50 g (9%); m.p. 86-88". The r e p o r t e d  ( 4 )  m.p. of 3-chloro- 

lO,ll-dihydr0-5H-dibenz[b,f]azepine i s  87-89". 

1,1,2,2,3,3-Hexadeutero-3-dimethylaminopropyl c h l o r i d e  hydroch lo r ide  (8). To 

a s o l u t i o n  of 1 1  g of  1 i n  50 ml of ch loroform was s lowly  added 35 m l  of t h i o n y l  

c h l o r i d e  and t h e  s o l u t i o n  was t h e n  hea ted  under r e f l u x  f o r  2 hours.  The s o l v e n t  

and excess  of t h i o n y l  c h l o r i d e  were removed by d i s t i l l a t i o n  under reduced pres-  

s u r e  i n  a r o t a r y  e v a p o r a t o r  t o  g i v e  a wh i t e  s o l i d .  A small amount of t h e  s o l i d  

w a s  d r i e d  i n  a vacuum d e s s i c a t o r .  It had a m.p. of 140-42". The r e p o r t e d  ( 5 )  

m.p. of 3-dimethylaminopropyl c h l o r i d e  hydroch lo r ide  i s  142". The above hydro- 

c h l o r i d e  8 was d i s s o l v e d  i n  10 m l  of water, b a s i f i e d  wi th  6N sodium hydroxide  

s o l u t i o n  and e x t r a c t e d  t h r e e  t imes  wi th  e t h e r .  The e t h e r  e x t r a c t  was d r i e d  

wi th  anhydrous magnesium s u l f a t e ,  f i l t e r e d  and evapora t ed  i n  a r o t a r y  evap- 

o r a t o r  and t h e  c rude  o i l  (11 g) was immediately used i n  t h e  next  s t e p .  

3-Chloro-lO,ll-dideutero-5-(3-dimethylamino-l,l,2,2,3,3-hexadeuteropropyl)-l0, 

ll-dihydro-5H-dihenz[h,f]azepine (14). To a suspens ion  of 3.8 g of l i t h i u m  

amide i n  20 nl of to luene  was added 20 g of 2 i n  60 m l  of t o luene  and t h e  

mixture  w a s  hea t ed  wi th  s t i r r i n g  a t  80-90" f o r  2 hours.  The mix tu re  was then  

brought t o  room temp, a s o l u t i o n  of 11 g of 2 i n  60 m l  of t o luene  w a s  added 

t o  it and then  r e f luxed  ove rn igh t .  A f t e r  coo l ing  t o  room temp, t h e  r e a c t i o n  

mixture  w a s  decomposed by t h e  a d d i t i o n  of 50 m l  of ice-water.  The to luene  

l a y e r  was s e p a r a t e d  from t h e  aqueous l a y e r ,  d r i e d  wi th  anhydrous magnesium 

s u l f a t e  and f i l t e r e d .  The f i l t r a t e  was evapora t ed  under reduced p r e s s u r e  
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g i v e  an  o i l y  r e s i d u e  which was p u r i f i e d  by s a l t  format ion  w i t h  o x a l i c  a c i d .  

To a s o l u t i o n  of t he  above o i l  i n  200 ml of e t h e r  was added a n  e t h a n o l i c  

s o l u t i o n  of 8 g of o x a l i c  a c i d .  The s a l t  w a s  removed by f i l t r a t i o n  and c rys -  

t a l l i z e d  from e t h a n o l  (m.p. 167-69'). R e c r y s t a l l i z a t i o n  gave 18 g of t h e  

o x a l a t e  s a l t  (m.p. 170-72"). The o x a l a t e  sa l t  w a s  d i s s o l v e d  i n  wa te r  and 

b a s i f i e d  wi th  sodium hydroxide and e x t r a c t e d  wi th  e t h e r .  The e t h e r  e x t r a c t  

was d r i e d  w i t h  anhydrous magnesium s u l f a t e  and f i l t e r e d .  The f i l t r a t e  was 

t r e a t e d  wi th  a s o l u t i o n  of hydrogen c h l o r i d e  i n  e t h e r  and t h e  p r e c i p i t a t e  

was twice  c r y s t a l l i z e d  from a c e t o n e ,  m.p. 190-91'. The r epor t ed  ( 6 )  m.p. 

of clomipramine hydroch lo r ide  is 189-90"; y i e l d  15.8 g (51%).  

__ Anal. Calcd. f o r  C19H16D8C12N2: C ,  63.50; N ,  7.80. Found: 

C ,  63.70; N ,  7.85. 

3 -3 2 
NMR ( C D C l  ); 2.6 [ N ( C H  ) 1 ,  3.1 (-CED), 6.95 and 7.1-7.2 (Aromatic).  

rfss Spectrum: 

- 
m/e 322 (M' - H C 1 )  

REFERENCES 

1. Alkalay D., Volk J. and Car l sen  S. - Biomed. Mass Spectrom. 5: 
200 (1979).  

2. Chaudhuri N. K. and B a l l  T. J. - J. Label.  Comp. Radiopharm. 18: 
(1981) ( i n  p r e s s ) .  

3. Moore M. L. - Org. Reac t ions  5: 301 (1949). 

4. Geigy Chemical Corp. U. S. Pa ten t  3,056,776 (1962). 

5. Solovev V. M. and Skoldinov A. P. - Zh. Obsch. K h i m .  2: 

- 

439 (1962). c f .  Chem Abs. 57: 446e (1963). 

6. Cra ig  P. N.,  Lester B. M. ,  Saggiomo A. J., Kaiser C. and 
Z i r k l e  C. L. - J. Org. Chem. 2: 135 (1961).  


