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SYNTHESIS OF 14C-LABELLED 10-1 3-( DIMETHYLAMINO) - 
PROPYLI-2-NITRODIBENZ [b , f  ] [ 1 ,4 ]  OWEPIN-11- 

(10 HI-ONE (NITROXAZEPINE)HYDROCHLORIDE t* 

R, K. MALLER and K. NAGARAJAN 
CIBA-GEIGY Research Cen t re ,  

Goregaon (E) ,  Bombay 400 063, I n d i a  

SUMMARY 

For pharmacokinet ic  and metabolism s t u d i e s  i n  
an imals  and humans, n i t r o x a z e p i n e ,  an a n t i d e p r e s s a n t ,  
was l a b e l l e d  wi th  carbon-14 a t  t h e  11-pos i t ion  of 
t h e  dibenzoxazepine r i n g  system i n  an o v e r a l l  
y i e l d  of 12A s t a r t i n g  w i t h  potassium [I4C] cyanide.  
The l a b e l l e d  p r e p a r a t i o n  had a s p e c i f i c  a c t i v i t y  
of 0.95 yCi/mg. 14C Label  was a l s o  in t roduced  
i n  t h e  methyl group of t h e  t e r m i n a l  n i t r o g e n  atom 
i n  t h e  s i d e  cha in  of n i t r o x a z e p i n e ,  s t a r t i n g  from 
i t s  des-methyl d e r i v a t i v e  and u s i n g  [ 
formaldehyde. I n  t h i s  c a s e  t h e  o v e r a l l  y i e l d  of 
t h e  f i n a l  compound was 20$, and i t s  s p e c i f i c  
a c t i v i t y  1.84 pCi/mg. 

1 4  C] para- 
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amino) propyl l -2-n i t rodibent  [ b, f 1 [1 ,4]  
oxazepin- l l - ( lO H)-one, carbon-14, 
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N i t r o x a z e p i n e ,  l0-[3-(dimethylamino)propyl]-2-nitrodibenz- 

[ b , f ] [ 1 , 4 ]  oxazepin-11 (10 HI-one i s  a n o v e l  d i b e n z o x a z e p i n e  

d e r i v a t i v e  which i n  t h e  form of i t s  h y d r o c h l o r i d e ,  h a s  been 

found t o  be a s a f e  and u s e f u l  d r u g  f o r  t h e  t r e a t m e n t  of  

d e p r e s ~ i o n ' ' ~ ' ~ .  

it h a s  been l a b e l l e d  w i t h  carbon-14 i n  t h e  c e n t r a l  s e v e n  

membered r i n g  a t  p o s i t i o n  C-11 (la) and a l s o  on t h e  methyl  

g r o u p  i n  t h e  s i d e  c h a i n  (g), t h e  l a b e l  b e i n g  i n d i c a t e d  by 

t h e  a s t e r i s k  (*). 

F o r  m e t a b o l i c 4  and p h a r m a c o k i n e t i c  s t u d i e s ,  

/CH -, 
* 

H C 1  

lb 
I 

l a  - 

The l a b e l l i n g  a t  C-11 (&) was per formed on a 10 mM s c a l e  

a c c o r d i n g  t o  t h e  Scheme A s t a r t i n g  w i t h  p o t a s s i u m  

[ 1 4 C ]  c y a n i d e  (5  mCi). 

t o  (s) was c a r r i e d  o u t  on a 0.2 mNi s c a l e  u s i n g  [14C] para-  

formaldehyde (0.5 mCi),  a s  p e r  Scheme B. 

The s i d e  c h a i n  l a b e l l i n g ,  l e a d i n g  

Scheme A : R e a c t i o n  of c u p r o u s  [14C] c y a n i d e  ( g e n e r a t e d  

i n  s i t u  from p o t a s s i u m  C C] c y a n i d e  and cuprous  

c h l o r i d e )  w i t h  2-chlorobenzene d iazonium c h l o r i d e  a f f o r d e d  

14 
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Scheme A 

NaN02 SOCl 

COOH 3 hrs conc. H 30 2 4 o* 
MeOH, aq. NaOH 
r e f l u x  15 h r s .  > 
a c i d i f y  

0:’ \ :OH2 H 18 hrs  

NaHC03 

Aq. E t 2 0  O2 

15 hrs 0 O2* c1 RT # 

6 - 5 - 
H3C > N-CH2CH2CH2C1 5 

/CH3 
CH CH CH N, 

02 

2 
CH3 

1 - 7 - 

i s o p r o p a n o l i c  > hydroch lo r ide  s a l t  
.. 14, H C 1  
11- c. 

(Ni t roxazep ine  HC1) 
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2-~hloro[cyano-~~C]benzonitrile 2 which was t ransformed t o  

t h e  a c i d  3 by t r ea tmen t  w i th  h o t  methanol ic  sodium hydroxide  

fo l lowed by a c i d i f i c a t i o n .  C a r e f u l  n i t r a t i o n  of 9 us ing  

sodium n i t r a t e  and s u l p h u r i c  a c i d  l e d  t o  t h e  fo rma t ion  of 

2-chloro-5-nitro[ ~ a r b o x y l - ~ ~ C ] b e n z o i c  a c i d  4 which was 

conver ted  t o  t h e  a c i d  c h l o r i d e  3 and then  by r e a c t i o n  wi th  

2-aminophenol i n  t h e  presence  of sodium b i c a r b o n a t e  t o  y i e l d  

t h e  14C-label led amide a. 
sodium hydroxide  gave l a c t o n e  2 c a r r y i n g  t h e  14C l a b e l  a t  

t h e  11-pos i t ion .  A l k y l a t i o n  of 2 wi th  dimethylaminopropyl  

c h l o r i d e  i n  aqueous ace tone  and sodium hydroxide  l e d  t o  t h e  

fo rma t ion  of [14C]n i t roxa rep ine  

c r y s t a l l i n e  hydroch lo r ide  s a l t  la. The sequence of r e a c t i o n s  

gave 

C y c l i s a t i o n  of 5 us ing  h o t  aqueous 

which was conve r t ed  t o  t h e  

i n  an o v e r a l l  y i e l d  of 12Si  based upon K14CN used. 

Scheme B : Clarke-Eschweiler  r e a c t i o n  of des-methyl 

n i t r o x a z e p i n e  2 u s i n g  [ 14C] paraf  ormaldehyde and fo rmic  a c i d  

in t roduced  a l a b e l l e d  methyl  g roup  i n  t h e  s i d e  cha in .  

The r e s u l t a n t  p roduc t  was c h a r a c t e r i s e d  a s  t h e  hydroch lo r ide  2, 
which was o b t a i n e d  i n  an y i e l d  of 20% from 2. 

Scheme 0 

H 

1) (*CH20)3, 0.5 mCi/HC02H lb 

2 )  @ O H ;  HC1 

CH3 

- 

Both t h e  s y n t h e t i c  sequences  were c a r r i e d  o u t  s e v e r a l  times 

wi th  non-rad ioac t ive  m a t e r i a l  t o  o p t i m i s e  t h e  y i e l d  and 

p u r i t y  a t  each s t e p .  
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Compound No. 

- 1.HC1 

TABLE 

Mol. w t .  M.P. O C  

377.8 226-7 

137.5 l i q u i d  

156.5 140-42 

201.5 164-6 

220.0 l i q u i d  

292.6 186-8 

256.2 258-60 

363.7 215-7 

Yie ld  

84 

47 

89 

93 

73 

98 

EX PER IMENTAL 

Mel t ing  and b o i l i n g  p o i n t s  a r e  uncor rec t ed .  

Potassium cyanide-14C (8 .1  mg; sp.  ac ty .  40.3 mCi/m.mole, 

5 m C i )  was procured  from Bhabha Atomic Research  Cen t re ,  

Trombay, Bombay 400 085, I N D I A .  Nonrad ioac t ive  potass ium 

cyanide  was of Anala R grade .  

Paraformaldehyde 14C ( sp .  ac ty .  325 pCi/mg; 0.5 mCi) was 

ob ta ined  from t h e  Radiochemical  Cen t re ,  Amersham, England. 

2-Chloroani l ine  and 2-aminophenol were purchased  f r o m  Fluka  

AG, Buchs, S w i t z e r l a n d  and p u r i f i e d  b e f o r e  use.  

S i l i c a  g e l  (100-200 mesh) of E. Merck was used f o r  column 

chromatography and a l l  o t h e r  chemica l s  ( r e a g e n t  g r a d e )  were 

procured  l o c a l l y .  
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R a d i o a c t i v i t y  measurements were made w i t h  a Nuclear-Chicago, 

Mark I ,  Liquid  S c i n t i l l a t i o n  Counter .  

The  S c i n t i l l a t o r  f l u i d  ( c o c k t a i l )  c o n t a i n e d  4 g PPO and 0.5 g 

POPOP per  l i t r e  of t o l u e n e .  

Reversed i s o t o p e  d i l u t i o n  a n a l y s e s  ( R I D A )  i n v o l v i n g  r e p e a t e d  

c r y s t a l l i s a t i o n s  from methanol -e ther  and TLC comparisons were 

w i t h  a n a l y t i c a l l y  p u r e  u n l a b e l l e d  n i t r o x a z e p i n e  h y d r o c h l o r i d e .  

5mgof R I D A  samples  were d i s s o l v e d  i n  methanol  ( 5  m l )  and 

mixed w i t h  c o c k t a i l  ( 1 5  m l )  b e f o r e  coun t ing .  

Radiometr ic  TLC was done on 20 cm. g l a s s  p l a t e s  p r e c o a t e d  w i t h  

a l a y e r  of  s i l i c a  g e l  F254 (TLC g r a d e )  150 p i n  t h i c k n e s s .  

Measurement of r a d i o a c t i v i t y  of s e c t i o n s  of t h e  radiochromato-  

grams was c a r r i e d  o u t  a s  s u s p e n s i o n s  i n  a m i x t u r e  of methanol  

( 5  m l )  and c o c k t a i l  (10 ml) .  

Benzene diazonium c h l o r i d e  

To a suspens ion  of 2 - c h l o r o a n i l i n e  hydroch lo r ide  (from 2- 

c h l o r o a n i l i n e  1.4 g ,  conc. H C 1  2.75 m l  and c rushed  i c e  10 g )  

i n  a 50 m l  RB f l a s k  was added a s o l u t i o n  of sodium n i t r i t e  

(0.77 g )  i n  w a t e r  (2-3 ml) c a u t i o u s l y  ove r  a p e r i o d  of 

5 m i n .  Then t h e  mix tu re  was made n e u t r a l  by c a r e f u l  a d d i t i o n  

o f  sodium ca rbona te  (0.65 g )  i n  w a t e r  ( 2  ml) ( t u r b i d i t y  - 
s i g n  of n e u t r a l i z a t i o n ) .  

2-Ch l o  ro [=-l4C] b e nz on i t r i l e  (2) 
To a h o t  aqueous s o l u t i o n  of CuS04.5H20 (800 mg) i n  wa te r  

(2 .5  m l )  was added sodium c h l o r i d e  (200  mg) and sodium 

b i s u l p h i t e  (165 mg) and t h e  mix tu re  s t i r r e d  v igo rous ly .  

The p r e c i p i t a t e d  cuprous  c h l o r i d e  was c o l l e c t e d  by 

c e n t r i f u g a t i o n ,  washed wi th  3 ml H 2 0  twice  and t r a n s f e r r e d  

wi th  wa te r  ( 2  m l )  t o  a H9 f l a s k  (50 m l )  c o n t a i n i n g  potass ium 
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14 [ C ]  c y a n i d e  5 m C i ,  ( 642  mg), i n  w a t e r  (1 ml)  k e p t  u n d e r  a 

l a y e r  of  t o l u e n e  ( 2  ml ) .  The m i x t u r e  was s t i r r e d  m a g n e t i c a l l y  

and t o  t h e  c u p r o u s  c y a n i d e  t h u s  formed i n  s i t u  was added 

f r e s h l y  p r e p a r e d  n e u t r a l  benzene  d i azon ium c h l o r i d e  s o l u t i o n .  

Af te r  t h e  a d d i t i o n  was o v e r ,  t h e  m i x t u r e  was s t i r r e d  a t  0' 

f o r  30 min, a t  RT f o r  13 h r  and l a t e r  a t  70-100° f o r  a few 

m i n u t e s .  A f t e r  c o o l i n g ,  t h e  m i x t u r e  was e x t r a c t e d  t h o r o u g h l y  

w i t h  e t h e r ,  t o  g i v e  t h e  c r u d e  o - c h l o r o b e n z o n i t r i l e  2 which 

was chromatographed on  a s i l i c a  column. E l u t i o n  w i t h  benzene 

gave  t h e  p u r e  [14C] n i t r i l e  (2) 1.26 g. Y i e l d  924. 

1 

1 4  - 2-Chloro[ c a r b o x y l -  C J b e n z o i c  a c i d  (3)  

H y d r o l y s i s  o f  2 (1.16 g )  was c a r r i e d  o u t  w i t h  a m i x t u r e  of 

aqueous sodium h y d r o x i d e  (10%; 10 m l )  and me thano l  ( 5  m l )  

u n d e r  r c f l u x ,  o v e r  a w a t e r  b a t h  f o r  15 h r s .  Removal of  

me thano l  on a r o t a r y  e v a p o r a t o r  f o l l o w e d  by a c i d i f i c a t i o n  

w i t h  conc.  HC1 (1.8 ml) p r e c i p i t a t e d  t h e  c h l o r o b e n z o i c  a c i d  

- 3, which was f i l t e r e d  o f f ,  washed w i t h  w a t e r  and d r i e d  

t h o r o u g h l y ;  6 2 0  mg. Y i e l d  47%. 

2-Chloro-5-nitro[ c a r b o x y l  -14C]benzoic a c i d  (4) 

A m i x t u r e  of 3 (620  mg) and sodium n i t r a t e  (440  mg) was 

t r e a t e d  u n d e r  s t i r r i n g  a t  0' w i t h  conc. H2S04 (4 .35 ml ) ,  

added c a u t i o u s l y ,  d r o p w i s e ,  o v e r  20 min. S t i r r i n g  i n  t h e  

c o l d  was c o n t i n u e d  f o r  1- h r s .  

t h e  p r e c i p i t a t e d  c h l o r o n i t r o b e n z o i c  a c i d  5 was f i l t e r e d ,  

washed w i t h  w a t e r  and d r i e d ;  712 mg. Y i e l d  89s. 

2-Chloro-5-nitro [ c a r b o x y l  -14C] benzoy lch  l o r i d e  ( 5 )  

1 
2 Crushed i c e  was added; 

R e f l u x i n g  t h e  above c a r b o x y l i c  a c i d  f o r  3 h r s  w i t h  t h i o n y l -  

c h l o r i d e  (2.2 ml), f o l l o w e d  by t h e  removal  of t h e  e x c e s s  of  
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r e a g e n t  on t h e  r o t a r y  e v a p o r a t o r  gave  t h e  a c i d  c h l o r i d e  3;  
725 mg. Y i e l d  93%. 

A s o l u t i o n  of t h e  f o r e g o i n g  a c i d  c h l o r i d e  2 i n  d r y  e t h e r  

( 4  m l ) ,  2-aminophenol (360 mg), sodium b i c a r b o n a t e  (512  mg), 

e t h e r  (4.5 ml) and w a t e r  ( 3  ml) "as s t i r r e d  i n  a n  i c e - b a t h  

f o r  15 h r s ;  t h e n  t h e  i c e  was a l l o w e d  t o  m e l t ,  w i t h  s t i r r i n g  

b e i n g  c o n t i n u e d  f o r  a n o t h e r  6 h r s .  E t h e r  was removed on a 

r o t a r y  evapora to r ,  water was added  and t h e  s o l i d  a n i l i d e  f? 

was f i l t e r e d  o f f ,  washed w i t h  w a t e r  and d r i e d ;  706 mg; 

yie-ld 73%. 

2 - N i t r 0 r l l - ~ ~ C l d i b e n z  r b , f  1 r1.41 oxazep in -11  r 10 HI-one 

C y c l i s a t i o n  of a was e f f e c t e d  by  s t i r r i n g  w i t h  d i l u t e  

aqueous a l k a l i  (17 m l  H20 c o n t a i n i n g  3 ml N aq. NaOH) o v e r  

a w a t e r  b a t h  a t  100' f o r  18 h r s .  

o f f  and washed w i t h  w a t e r  t o  a f f o r d  l a c t a m  2 ; 607 mg. 

Y i e l d  98%. 

lo-[ 3-(Dimethylamin0)propyl]-2-nitro[ll-~~C]dibenz [ b , f ] [1 ,41  

oxazepin-11 (10 HI-one h y d r o c h l o r i d e  ( i 4 i t r o x a z e p i n e  H C l l  (la) 

( 2 )  

The p r e c i p i t a t e  was f i l t e r e d  

To a s t i r r e d  m i x t u r e  of  above n i t r o l a c t a m z ,  a c e t o n e  (7.5 ml )  

and aq. NaOH (2N, 1.35 ml)  was added d r o p w i s e  a s o l u t i o n  of 

3-dimethylaminopropylchloride (906 mg of f r e s h l y  p r e p a r e d  

b a s e )  i n  a c e t o n e  ( 9  ml)  i n  t h r e e  e q u a l  a l i q u o t s  o v e r  1 h r  

i n t e r v a l s  and t h e  m i x t u r e  r e f l u x e d  w i t h  s t i r r i n g  o v e r  a n  o i l  

b a t h  a t  75' f o r  12 h r s .  C o o l i n g  and e x t r a c t i o n  w i t h  e t h e r  

a f f o r d e d  t h e  f r e e  b a s e  1 a s  an o i l ,  850 mg. Conver s ion  o f  

t h i s  b a s e  t o  i t s  h y d r o c h l o r i d e  by t r e a t m e n t  w i t h  i s o p r o p a n o l i c  

HC1 and s u b s e q u e n t  c r y s t a l l i s a t i o n  f rom m e t h a n o l - e t h e r  

a f f o r d e d  t h e  p u r e  14C- labe l l ed  3x1, 448 mg, s p .  a c t y .  0.95 pCi/mg. 
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Reversed i s c t o p e  d i l u t i o n  a n a l y s e s  and R a d i o m e t r i c  TLC S i l i c a /  

s o l v e n t  s y s t e m s  a ,  b ,  c - R f  

a. 

b. B u t a n o l ( 4 )  : HOAc(1) : H20(1) - 0.6 

c. C h l o r o f o r m ( 3 )  : MeOH(1) - 0-55 

B u t a n o l ( 3 8 )  : HOAc(8) : P y r i d i n e ( 2 4 )  : H20(30) - 0.7 

i n d i c a t e d  t h e  p u r i t y  of t h e  l4C-1abe l l ed  p r e p a r a t i o n  a s  b e i n g  >98%. 

lo-[ 3-( D i m e  t h y  l a m i n o )  propyl1-2-ni t r o  [ methyl-14C] d i b e n z  

[ b , f ]  [ l , 4 ] o x a z e p i n - I l  (10H)-one h y d r o c h l o r i d e  (2) 

To a f r e s h l y  p r e p a r e d  sample of des-N-methylnitroxazepine 

b a s e  ( l i b e r a t e d  f rom 72.8 mg o f  c o r r e s p o n d i n g  h y d r o c h l o r i d e  ) 

was added [ C] pa ra fo rma ldehyde  and an a p p r o p r i a t e  amount o f  

n o n r a d i o a c t i v e  pa ra fo rma ldehyde  (15.8 mg). Formic a c i d  

(98%; 2.5 ml )  was added c a u t i o u s l y  and t h e  m i x t u r e  h e a t e d  
1 o v e r  a b o i l i n g  w a t e r b a t h  f o r  9 h r s  a f t e r  a t t a c h i n g  a r e f l u x  

c o n d e n s e r  t o  t h e  r e a c t i o n  f l a s k .  The m i x t u r e  was c o o l e d  and 

c r u s h e d  i c e  ( 3  g )  added. The s o l u t i o n  was b a s i f i e d  w i t h  

aqueous sodium h y d r o x i d e  (10%; 7.5 ml)  and t h e  l i b e r a t e d  

b a s e  e x t r a c t e d  t h o r o u g h l y  w i t h  e t h e r .  T h i s  was c o n v e r t e d  t o  

i t s  h y d r o c h l o r i d e  2, w i t h  6M i s o p r o p a n o l i c  H C 1  and 2 
c r y s t a l l i s e d  f rom methano l -e the r .  Y i e l d  53 mg; sp.  a c t y .  1.84 pCi/  

mg. The r a d i o c h e m i c a l  p u r i t y  when a s s e s s e d  by t h e  methods o u t -  

l i n e d  e a r l i e r  was > 99%. 

4 

1 4  
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